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ABSTRACT 
I .. 

' • J 

' 

Nu,,cleophilic trapping by ac~te anion 6f i.pso-Wheland intermediates 
Me ·. 

(Wi ) f~rmed in the nitration of. 4-X-toluenes (X=Br, Cl, OMe, NHCOMe) 

and·2-X-4-met~ylanisoles (X=Br, Cl, N0 2), yielded. (Z)-3-X-6-methyl-6-. . , 

~itrocyclohexa-2,4-dienyl and (Z)~4-X-3-metho~y-6-methyl-6-nitro­
-.,; 

cyclohexa-2,4'-dienyl acetates respectively. Both (E)- and. 
' 

(Z)-diastereomers of 2-nitro~3-methoxy-6-methyl-6-nitrocyclo-

hexa-2 ,4-dienyl ::i.cetates were also' forfned. in the nitration of the 

o~rresponding anisole. Si=iilar nitration of 3-X-4-methylanisole' (X=Cl, 

N0 2) yielded 3-X-4-methyl-4-nitrocyclohexa~2,4-dienones. The opserved 

• ordet.of r~activity o~ these substrates in nitration and the 
1 , 

regioselec~ivity of the nucleophilic trapping can be, explained in terms 

of ~he electronic and steric effects of the substituents. The isomer . 
p~oportions obta~ned in the nitration agree with those predicted on the 

b~sis of the principle· of additivity of substituent ~ffects and are 

discussed in Chapter II of this dissertation. 

Several l-Y-S-X-2-methyl-6-nitrocyclohexa-2,4-dienes (Y=OAc, 
.< 

Cl, OH,, OMe; X=Cl, Br, NHCOCHj, OMe) were prepared from 

l-Y-3-X-6-methyl-6-nitrocy°Clohexa-'2,4-dienes under neutral conditions by 

a ther~ally induced [1,S]~nitro shift .. The \eaction has contrioutions 
.... 

fr~m both •radical chain process, leading to epimerization, ~qd a 
' . 

stereospecific [ 1, S]-sigmat ropic shift. The former proce~s. was 

suppressed by radical traps. Effects of substituents drt the·mechanism 

df these reactions•are discussed in chapter III. 
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iii 

'Pnder acidic.conditiohs; (Chapter .IV) thet:Oienes revert to;thi' 
•I ·~' ··r ' ,,. r• 

w~e, bu-t_. with qec~easing,"acidi'ty, r~~.c.tfons via other interm~?.iates .• 
• • - -+ ••• · · ·- ,. 

be'come important for those dienes ·llihich do' not contatn~-·met:hoxy 
; ~--

~ 

'.substituent. The fate of the J;_e ls dependent. on the substi~~ents and 
.... .. 

Me 
also on ~he-nucleophilicity of the ie~ction meaia. The wi fr~m dienes 

... 
bearing a ~thoxy grpup react via.~hice encounter pair, at high ~~fdrtf~s, 

\"~ .. .... "" , ~ h,. 

or are trapped by nuclepphiles to. yi¢.ld 1, 4'-adducts which ultimat.e.ly · 
• > 

collapse to cr.esols via dienones. The extent of denit rat:ion .. via leakage 
r~ ~ ...; r 

ftom the encount~r pair increases wh~ deactivating su~titue~ts . 

(N0 2>C1) are present on 'the ring. 
· ' Me . 

A ;,2-nitro shift in th~.wi from 

dienes (X=Cl, Br) under strongly acid\c co~ditions was observed~ but 

with decrease in acidity aromatizatio~ via nitrou~ aci~.~limination fTom 

the dienes. and .rea~tions via rearrang~U dienes becomes important. 

· Several· (Z )-l-Y-3-X--6--uiethyl-6-nit rocyclohexa-2, 4-dienes 

(Y=Cl, Br, OMe; X2 Gl, Br) and 1-Y-2~~-r~-methoxy -4-meth~l-4-nitro­

cyclbhexa-2,S-dienes (Y=CN, '6Me; X=H, Cl, N0 2) were prepared by 
Me 

nucleophilic trapping of Wi , regenerated from the ipso-adducts. 

Similar reactions with other nucleophiles unde~ milder conditions, are 
{ ~ 

discussed in Chapter v. 
. 

'· 

The 1,2-adducts formed.by nucleophilic trapping were shown 
} . 

to be (Z)-diastereomers by a combination of X-ray crystallography and 

NMR studies. This stereoselectivity on diene formation (apprvi~h of "· 
~ . 

~nucleophil~s.anti ~o the methyl group on ~h~ adjacent carbon) is unique .. "\ ..,, 

and can be rationalized in terms 'of steric approach. control of the 
•, 

incomin~ nucleophile. 1,4-Dienes are not fonned stereoseleci:ively. 
• .. 
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CHAPTE^R I; INTRODUCTION

1.1 Opening Remarks

F araday ,  in  1825, r e c o r d e d  Che f i r s t  known r e a c t i o n  l e a d i n g  
. 1

to  t h e  n i t r a t i o n  of  benzene  . S i n c e  t h e n  e l e c t r o p h i l i c  a r o m a t i c

n i t r a t i o n  has  r e c e i v e d  wid^ a t t ^ e n t i o n  and i s  now r e g a r d e d  a s  one of  t h e

b e t t e r  u n d e r s t o o d  o r g a n i c  r e a c t i o n s .  S t u d i e s  of  t h e  mechanism of

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

fundam en ta l  p r i n c i p l e s  of  o r g a n i c  c h e m i s t r y .  N i t r a t i o n  has  a l s o  matured

i n t o  an e x t r e m e l y  v a l u a b l e  s y n t h e t i c  t r a n s f o r m a t i o n ,  now used in

l a b o r a t o r i e s  and i n d u s t r i e s  a round  t h e  w o r l d .

In r e c o g n i z i n g  th e  main g e n e r a l i z a t i o n s  r e g a r d i n g  o r i e n t a t i o n
. .

i n  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  i’. e .  o r t h o A p a r â -  o r  m e t a - d i r e c t i n g ,  and
2 ‘

i t s  c o n n e c t i o n  w i t h  a c t i \ v a t i o n ,  Hol leman u t i l i z e d  e x t e n s i v e  d a t a

r e l a t e d  t o  n i t r a t i o n .  I n g o ld  and h i s  c o w o r k e r^  e x p l o i t e d  t h e  d a t a  o f

o r i e n t a t i o n  and r a t e  o f  n i t r a t i o n  i n  e l a b o r a t i n g -  t h e i r  o r i g i n a l  i d e a s  of
3

t h e  e l e c t r o n i c  t h e o r y  of  t h e  c o u r s e  of  o r g a n i c  r e a c t i o n s  . N i t r a t i o n

has  a l s o  been used  a s  a model  r e a c t i o n  f o r  t h e  deve lopment  of  r e a c t i v i t y

i n d i c e s  , t h e o r i e s  r e l a t e d  t o  t h e  p e r t u r b a t i o n s  l e a d i n g  to  the  
5 ^  ’

t r a n s i t i o n  s t a t e s  , i n  t h e  c o n s t r u c t i o n  o f  q u a l i t a t i v e  p o t e n t i a l  ene rgy
6 7

s u r f a c e s  and In  s t u d y i n g  h e t e r o a r o m a t i c  r e a c t i v i t y  . On t h e  s y n t h e t i c

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

p l a s t i c s ,  p h a r m a c e u t i c a l s ,  d y e s t u f f s ,  e x p l o s i v e s  and i n s e c t i c i d e s  i s
8

w e l l  known .

Over t h e  y e a r s  a m u l t i t u d e  of  n i t r a t i n g  a g e n t s  has  been 

i n v e s t i g a t e d .  N i t r i c  a c i d ,  m e t a l  n i t r a t e s ,  a l k y l  n i t r a t e s ,  mixed

a n h y d r i d e s  or  n i t r a t e  e s t e r s  have been  used as  n i t r a t i n g  a g e n t s  in

aqueous media o r  o r g a n i c  s o l v e n t s .  C a t a l y s i s ,  i n  t h e  form of s u l f u r i c



a c i d ,  Lewis a c i d s  l i k e  b o ro h  t r i f l u o r i d e ,  b r  o t h e r  o r g a n i c  a c i d s ,  i s  ^

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

i s  c a p a b l e  o f  n i t r a t i n g  r e a c t i v e  s u b s t r a t e s .  A c e t i c  anhyd,r ide  i s

, p a r t i c u l a r l y  a good s o l v e n t  f o r  a r o m a t i c  compounds and r e a c t i o n  i n  i t  
'  '

o c c u r s  r e a d i l y  under  m ild  c o n d i t i o n s .  Thus m i x t u r e s  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  have been w id e ly  ifeed as  p o t e n t  n i t r a t i n g  a g e n t s .  ' '

S o l i d  s u p e r  a c i d s  have been used  a s  c a t a l y s t s .  T r a n s f e r  n r i t r a t i q g

a g e n t s  such  as  N - n i t r o p y r a z o l e ,  n i t r o -  and n i t r i t o - o n i u m  s a l t s  a ç e  •
9

r e c e n t  a d d i t i o n s  i n  n i t r a t i o n  c h e m i s t r y  and have paved* th e  way fo r ,
10

deve lopm ent  of  new p o l y m e r i c  n i t r a t i n g  a g e n t s  . The p r o d u c t s  o b t a i n e d
f '

and th e  mechanism o f  n i t r a t i o n  v a ry  on c ha ng ing  th e  n i t r a t i n g  a g e n t .  ^

I t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  t h e s e  mechanisms on b a s i s - o f  

th q  a c t u a l  n i t r ' a t i n g  a g e n t .  They a r e  ^

1.  An i o n i c  mechanism w i t h  n i t r o n i u m  ion ;

2.  An e l e c t r o n  t r a n s f e r  mechanism i n v d l v i n g  r a d i c a l  c a t i o n - r a d i c a l ' p a i r  ;

3 .  A r a d i c a l  mechanism w i t h  n i t r o g e n  d i o x i d e ;

4 .  N i t r a t i o n  v i a  n i t r o s a t i o n .
-

In  s e v e r a l  c a s e s  i t  h a s  been e s t a b l i s h e d  t h a t  n i t r a t i o n  has  p ro ce e d e d  

v i a  two or  more o f  ? h e s e  mechanisms i n  p a r a l l e l .

1 .2  The I o n i c  Mechanism of  N i t r a t i o n - w i t h  N i t ro n iu m  Ion  j

1 . 2 . 1  Ev idence  f o r  t h e  N i t ro n i u m  lort (NO,) as  t h e  E l e c t r o p h i l e  i n  t h e  

I o n i c  Mechanism:

T h e ' s t a t e  o f  n i t r i c  a c i d  i n  d i f f e r e n t  media  "has been  s t u d i e d

e x t e n s i v e l y  i n  o r d e r  t o  d e t e r m i n e  th e  e x a c t  n a t u r e  of  t h e  e l e c t r o p h i l e
11

i n v o l v e d ' i n  n i t r a t i o n .  Ev idence  from Raman s p e c t r o s c o p y  , c r y o s c o p i c



3.
- 12 _ 13 '

measurements  , u l t r a v i o l e t  s p e c t r o s c o p y  , and c d n d u c t o m e t r i c
_ 14

measurements* o f  c o n c e n t r a t e d  s o l u t i o n s  of n i t r i c  a c i d  i n  s u l f u r i c  a c i d

c l e a r l y  i n d i c a t e  t h e  f o r m a t i o n  of  n i t r o n i u m  i o n .  In  most  o r g a n i c

s o l v e n t s  k i n e t i c  e v i d e n c e  i n d i c a t e s  t h a t  n i t r o n i u m  ion  i s  formed and i s

e f f e c t i v e  a s  t h e  n i t r a t i n g  a g e n t .
15

I n g o l d  and B en fo rd  showed t h a t  t h e  n i t r a t i o n  of  benzene
*

homologs i n  n i t r o m e t h a n e  w i t h  ' e x c e s s  n i t r i c  a c i d  p roceeded  a t  a c o n s t a n t  

r a t e ,  i n d e p e n d e n t  o f  t h e  c o n c e n t r a t i o n  o f  a r o m a t i c  compound. For 

h a lo g e n o b e n z e n e s  t h e  d e p e n d en c e  was between  z e r o t h  and f i r s t  o r d e r  and 

c o m p l e t e l y  f i r s t  o r d e ^  i n  a r o m a t i c  f o r  d i -  and t r i - h a l o g e n o b e n z e n e s .

S i m i l a r  k i n e t i c  phenomena were o b t a i n e d  in  a c e t i c  " a c i d ,  in
, . ,  16 ' .  '  17  18

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

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

V a r i a t i o n  i n  t h e  r e a c t i o n  c o n d i t i o n s  d i d  not  a l t e r  t h e  r a t i o  of  o - , p-  

and m- p r o d u c t s  t h u s  i n d i c a t i n g  t h a t  t h e  same e l e c t r o p h i l e  i ^  in v o lv e d  

i n  a l l  t h e s e  p r o c e s s e s .  ' The $ame p r o d u c t  r a t i o s  were o b t a i n e d  by Olah
19 f

and Kuhn u s i n g  n i t r o n i u m  s a l t s  a s  n i t r a t i n g  a g e n t s .  These r e s u l t s  

i m p l i c a t e d  the  . n i t r o n i u m  io n  ' 'as t h e  a c t i v e  n i t r a t i n g  s p e c i e s .

1 . 2 . 2  The S t e p w ise  Mechanism i n  N i t r a t i o n  w i t h  NO,:

20
The a c c e p t e d  s t e p w i s e  mechanism in v o lv e d  in  n i t r a t i o n  can 

be r e p r e s e n t e d  a s :



ArH NO2

'k1 +
H + HNO, NO, + H,0 ( 1 )

^ - 1

ArH + NO2

'■-2

ArHN0 2  E n c o u n te r  p a i r  ( 2 )

W (Wheland i n t e r m e d i a t e )  (3 )

- 3
+

ArN02 + H

Scheme 1 . 1 '

The Whelartd i n t e r m e d i a t e  ( a l s o  known a s  d ren ium  c a t i o n ,  

benzonium c a t i o n ,  e y e l o h e x a d i e n y l  c a t i o n ,  0  tomplex-, P f i t z e r  complex)  

has  t h a  g e n e r a l  s t r u c t u r e  1 (Scheme 1 .2 )

H NO 2 H NO2

-=3— 0

y  NO,

l a i i

Scheme 1.2

Ic

Using'  t h e  s t e a d y  s t a t e  c o n c e p t  t h e  r a t e  e x p r e s s i o n  of  t h e  o v e r a l l

p r o c e s s  can be shown t o  be
k j  k 2  k-g ,kj  ̂ (ArH) [ HNO3 ]

Ra te
-  k ^ k g ]  + k 2  kg k^[ArH]

( 1 )

Depending on t h e  s u b s t r a t e  ànd t h e  r e a c t i o n  c o n d i t i o n s  any o f  

t h e  abov^ f o u r  s t a g e s  c a n  be t h e  s l o w e s t .  For  s u b s t a n c e s  more r e a c t i v e



/ \
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t h a n  b e n z e n e ,  f o r m a t i o n  o f  t h e  n i t r o n i u m  io n  becomes r a t e  d e t e r m i n i n g

and t h e  r e a c t i o n  e x h i b i t s  z e r o t h  o r d e r  dependence  on t h e  a r o m a t i c

s u b s t r a t e ,  a s  o b s e r v e d  i n  t h e  n i t r a t i o n  o f  benzei)e homo lo g s  in

n i t r o m e t h a n e  and  o t h e r  i n e r t  o r g a n i c  s o l v e n t s  . N i t r a t i o n  of

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

s p e c i f i c  example where t h e  p r o t o n  e l i m ^ a t i o n  step* ( s t e p  4 ) i s  r a t e

d e t e r m i n i n g  and a k i n e t i c  i s o t o p e  e f f e c t  ( k ^ / k ^  = 6 . 1  ^±0 . 6 ) n e a r  t o  th'e
. 21

t h e o r e t i c a l  l i m i t  i s  o b s e rv e d  . S t e r i c  r e a s o n s  have  been  s u g g e s t e d  f o r  

t h i s .

The c l a s s i c a l  mechanism o f  n i t r a t i o n ,  e s t a b l i s h e d  on t h e

b a s i s  of  e x t e n s i v e  c o n t r i b u t i o n s  of  I n g o ld  and  of Melander^  , d i d  no t

d i s t i n g u i s h  be tw een  s t e p s  (2 )  and (3 )  (Scheme 1 . 1 ) .  The o v e r a l l  p r o c e s s

was d e n o te d  by a s i n g l e  s t a g e  r e p r e s e n t i n g  t h e  slow u p tak e  o f  n i t r o n i u m

ion  v i a  an Sg2 mechanism.  Th is  p i c t u r e ,  g e n e r a l i z e d  to 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 ,  p rov ided ,  t h e  b a s i s  of  Brown' s  s e l e c t i v i t y - r e a c t i v i t y  
23 ' .

p r i n c i p l e  , which p r o p o s e s  t h a t ,  l o s s  of  s u b s t r a t e  s e l e c t i v i t y . s h o u l d  be

accompanied by l o s s  of  p o s i t i o n a l  s e l e c t i v i t y ,  i n  c o m p e t i t i v e  p r o c e s s e s ,

b o th  of  which depend on t h e  r e a c t i v i t y  of  t h e  e l e c t r o p h i l e .  ' '
24

Olah  and h i s ^ o - w o r k e r s  p ropose d  t h e  f o r m a t i o n  of  a ’

TT-adduct a s  an i n t e r m e d i a t e  i n  a r a t e  d e t e r m i n i n g  s t e p  p r e c e d i n g  Wheland

i n t e r m e d i a t e  f o r m a t i o n  t o  e x p l a i n  t h e  r e s u l t s .  They o b s e r v e d ,  i n
/*

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

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

t h e  s u b s t r a t e  s e l e c t i v i t y ,  i . e .  r a t e  o f  n i t r a t i o n  of  t o l u e n e  /  r a t e  of

n i t r a t i o n  o f  benzene  ( k ^ / k g ) , d e c r e a s e d  d r a m a t i c a l l y  from t h e  v a l u e s

o b s e r v e d  i n  t h e  n i t r a t i o n  w i t h  n i t r i c  a c i d ,  w i t h o u t  t h e  l o s s ^ 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 o l u e n e  . They proposed,  t h a t  s u b s t r a t e
K *

s e l e c t i v i t y  was l o s t  i n  t h e  f o r m a t i o n  o f  a ir—adduc t  i n  t h e  f i r s t  s t e p ,  

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



% 6.
'  '

r e t e n t i o n  of  p o s i t i o n a l  s e l e c t i v i t , y  whic+i was d e t e r m i n e d  in  t h e  l a t t e r  

^ t e p . -

S c h o f i e l d  and h i s  c o - w o r k e r s  o b s e r v e d  a s i m i l a r  breakdown o f

t h e  s e l e c t i v i t y - r e a c t i v i t y  p r i n c i p l e  i n  t h e  n i t r a t i o n  of  benzene

homologs w i t h  mixed a c i d  and p ro p o se d  a r a t e  d e t e r m i n i n g  e n c o u n t e r  p a i r
^  2 5

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

h i g h l y  r e a c t i v e  s u b s t r a t e s .  No s t r u c t u r e  f o r  t h i s  e n c o u n t e r  p a i r  was

p ro p o se d .  S i m i l a r  r a t e  l i m i t i n g  e n c o u n t e r  c o n t r o l l e d  r e a c t i o n s  were

r e c o g n i z e d  in  n i t r a t i o n  o f  r e a c t i v e  s u b s t r a t e s  w i th  aqueous n i t r i c  a c i d ,

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

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

c a l c u l a t e d  r a t e  c o n s t a n t s  f o r  e n c o u n t e r  i n  t h e s e  s o l v e n t s  and t h e  '

measured v a l u e s  o f  k ^ /k ^  ( M e s i t y l e n e  = M) t h e  v a l u e s  o f  kg have been

e v a l u a t e d  ( m e s i t y l e n e  r e a c t s  a t  t h e  e n c o u n t e r  r a t e ) .  These v a l u e s  hqve

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

Whether  o r  no t  t h e  f o r m a t i o n  o f  t h e  e n c a u n t e r  p a i r  i s  r a t e  d e t e r m i n i n g  .

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

t h e  v i s c o s i t y  of  the  r e a c t i o n  medium. There  have been o b j e c t i o n s  t o  t h e

s u g g e s t i o n  by Olah t h a t  t h e  e n c o u n t e r  p a i r  i s  a t r - adduct^  . A p l o t  by 
28 ^  /  

Rys of  r e l a t i v e  r a t e s  f o r  t h e  n i t r a t i o n  of  benzene  homologs w i t h

n i t r o n i u m  s a l t s  a g a i n s t  t,he s t a b i l i t i e s  o f  t h e  n - a d d u c t s  had a > '

c o r r e l a t i o n  c o e f f i c i e n t  o f ' o n l y  0 . 9 1 .  The l o s s  of  s u b s t r a t e  s e l e c t i v i t y

o b s e rv e d  by Olah has  been shown to  be due to  i n c o m p le t e  mix ing  and t h e

low v a l u e s  o b s e rv e d  f o r  k _ / k  r e s u l t  ' f rom m a c r o s c o p ic  d i f f u s i o n  ,

c o n t r o l  . On the  o t h e r  hand Kochi and Fukuzumi ^ h a v e  o b s e rv e d

t r a n s i e n t  c h a rg e  t r a n s f e r  bands on m ix ing  e l e c t r o p h i l e s  w i th  v a r i o u s  •

a ro m a t i c ' s ,  i n d i c a t i n g  the  f o r m a t i o n  o f  c h a r g e  t r a n s f e r  com p lexes .  With

m - t o l u o n i t r i l e  and n i t r o n i u m  f l u o r o b o r a t e , a band a t  400nm i s  -

r e p o r t e d .  Such c h a r g e  p b a n s f e r  complexes  a r e  p resum ably  % -com plexes" in



t h e  s e n s e  used  by O lah .  However t h e r e '  i s  n c  evidfence" t t ^ t  t h e s e  a r e  t h e  

s p e c i e s  formed -as t h e  e n c o u n t e r  p a i r  i n  t h ’e 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 s .

Form a t ion  o f  t h e  proposed,  .e ncoun te r  pa.ir  p r i o r  t o  t h e  Wheland

i n t e r m e d i a t e  e x p l a i n s  t h e  d i s c r e p a n c y  o f ’t h e  o b s e r v e d  r e s u l t s  w i th  t h e
■ -

s e l e c t i v i t y - r e a c t i v i t y  p r i n c i p l e  bu t  does no t  e x p l a i n  t h e  h ig h

p o s i t i o n a l  s e l e c t i v i t y  o b s e r v e d .   ̂ '

P o s i t i o n a l  s e l e o t i v i t i e s  i n  pseudo’qumene were  e x p l a i n e d  by
31 '

S c h o f i e l d  on t h e  b a s i s  of  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  w i t h  a r a t e
"g ' , . 8  - 1 /

c o n s t a n t  o f  d i f f u s i o n  a p a r t  i n  t h e  o r d h r  pf 10 -  10 s . The. uppe r
'

l i m i t  o f  t h e  r a t e  c o n s t a n t  f o r  c o l l a p s e  of  t h e  Wheland i n t e r m e d i a t e
' . . -would be c ( imparable  t o  t h e  m a gn i tude  of  a v i b r a t i o n  f r e q u e n c y  i . e .  1 0

' 15  _  1 - - ^
to  10 s Thus,  t h e r e  c o u ld  be a p o s i t ' i o n a l  s e l e c t i v i t y  p f  up t o  100

I . ,

• in  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 .  The e x t e n s i o n  of t h i s  argument  to

.the n i t r a t i o n  of  d u r e n e  h a s ,  however ,  l e d  t o  some c o n t r a d i c t o r y  .
32

p r e d i c t i o n s .  S c h o f i e l d  and h i s  cow orke rs  have a p p l i e d  Hol lem an ' s^

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

s h o w , t h a t  t h e  r a t i o  o f  t h e  r e a c t i v i t i e s  of  C-1 and C-3 o f  d u r e n e  i s

1 : 2 . 7 .  They a l s o  c l a i m  t h a t  p o s i t i o n a l  s e l e c t i v i t y  in d u r e n e  s h o u ld

p e r s i s t  b u t  be s m a l l  and t h u s  j u s t i f y  ( t h e  c o m p a t i b i l i t y  o f )  t h e

e x p e r i m e n t a l  v a l u e  of  1 : 3 . 6  on t h e  b a s i s  of  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 .  On t h e  b a s i s  of  t h e  p r o p o s a l  t h a t  t h e  r a t e  of  c o f l a p s e  t o  Wheland
- • 11  1*2 - 1

i n t e r m e d i a t e  a t  C-5 a n d 'C - 6  o f  pseudocumene i s  10 and 10 s ,
.  33  ' ■

P e r r i n  a rg u e d  t h a t  C-1 and"C-3 o f  du rene  s h o u ld  c o l l a p s e  t o  Wheland
^  13 1 ' )

i n t e r m e d i a t e s  a t  a, r a t e  of  1 0  s '  , which i s  t h e  t h e o r e t i c a l  maximum.

Thus bo th  C-1 and C-3 s h o u ld  r e a c t  a t  t h e  same r a t e .  However
\  - 

' i n t r a m o l e c u l a r  s e l e c t i v i t y  p e r s i s t s  in  d u ren e  and a l s o  in

p e n ta m e t h y l b e n z e n e .  From t h e s e  o b s e r v a t i o n s  which ,  a c c o r d i n g  to  P e r r i n ,
•  ‘ .  33

n e c e s s i t a t e  an i n t e r a c t i n g  e n c o u n t e r  p a i r ,  P e r r i n  p ropose d  an



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

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

c o n s i s t s  of  t h e  a r o m a t i c  r a d i c a l - c a t i o n  and 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 .  P e r r i n ' s  p o s t u l a t e  t h a t  a l l  a ro rn g t ic s  more r e a c t i v e  t h a n  

t o l u e n e  c o u ld  t r a n s f e r  an e l e c t r o n  t o  t h e  n i t r o n i u m  i.on via--an

ex o th e r m ic  s ^ p  hence  l e a d i n g  t o  an i n t e r m e d ia t e - „ o f  lower ene rgy  than
, L 34

t h e  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 - h a s  been r e f u t e d  by Eberson  and h i s
1 ' 3,4 /

{ Usworkers ."  C a l c u l a t i o n s  based  on Marcus t h e o r y  o f  non-bonded e l e c t r o n

t r a n s f e r  shov^ t h a t  such  p r o c e s s e s  can be r u l e d  ou t  f o r  a r o m a t i c s  wiph 
0 '

E lower or  e q u a l  t-o p e r y l e n e  [E = -1 .3 V ) .  O the r  e v id e n c e  put  forward  by

P e r r i n  has a l s o  been  shown t o  be due to  c a t a l y s i s  by n i t r o u s  a c i d  o r  
f ' 35

o t h e r  N ( I I I )  s p e c i e s  . Thus f o r  n i t r a t i o n  w i t h  n i t r o n i u m  ion  i t  i s  

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

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

At t h e  p r e s e n t  t im e  i t  a p p e a r s  t h a t  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  t h a t  have  been  o b s e r v e d  do no t  r e q u i r e  t h e  p o s t u l a t i o n  of 

an i n t e r a c t i n g  e n c o u n t e r  p a i r .  <

1 .3  N i t r a t i o n  P r o c e e d i n g  v i a  E l e c t r o n -  T r a n s f e r  :

I n  t h i s  mechanism f o r  n i t r a t i o n  an  i n i t i a l  s t e p  i n v o l v e s  t h e

t r a n s f e r  of  an e l e c t r o n  from t h e  g r o m a t i c  t o  t h e  n i t r a t i n g  a g e n t  t o  g iv e

a r a d i c a l  p a i r ,  f o l l o w e d  by c o u p l i n g  of  t h e  two r a d i c a l s .  The n i t r a t i n g

agent* thus  behaVes a s  an  o x i d a n t  and i t s  i d e n t i f i c a t i o n  i s  i m p o r t a n t .

The f a c t  t h a t  n i t r o n i u m  i o n  c a n n o t  a c t  a s  an o x i d a n t  t ow a rds  a r o m a t i q s

l e s s  r e a c t i v e  t h a n  p e r y l e n e  has  been m en t ioned  a bove .  ' Ridd and h i s  
36  37 ,

coworkers  have  s u g g e s t e d  t h a t  i n  n i t r o u s  a c i d  c a t a l y s e d  n i t r a t i o n
+  . ■ ■ 36

'No can a c t  as  t h e  o x i d a n t .  In  t h e  n i t r a t i o n  o f  N ,N - d i m e t h 'y l a n i l i n e



9,
15

w i t h  H NO3 i n  85r90% s u l f u r i c  a c i d ,  and i n  t h e  n i t r a t i o n  o f  ,
3 7 ' . .  , ■ 15

p - n i t r o p h e n o l  i n  t r i f l u o r a c e t i c  a c i d ,  p o l a r i z a t i o n  of  N n u c l e i  was
", ' , 

o b s e r v e d ' i n  CIDNP s t u d i e s . "  Th i s  ha s  been e x p l a i n e d  by r a d i c a l  p a i r

f o r m a t i o n  v i a  e l e c t r o n  t r a n s f e r  a s  shown i n  scheme 1 . 3 :
+  ‘ +

ArXH + NO  *- ArX’ + H +  N0‘

NO ?  NOg —T+ .NO + NO 2

ArX + NO2  — *- ArX’ 'NO2  + p r o d u c t s

X = N Me2 ; 0;

S c h ^ e  1 . 3

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

NO2 , v i a  an a c i d - c a t a l y z e d  p roces s ' .  Based on t h i s ,  an a l t e r n a t i v e
(' ' ' 38sequence  f o r  n i t r a t i o n  has  been p ropose d  by Ross and h i s  coworke rs  , as  

shown in  scheme 1 .4 :
■ * '  +  + .

ArH + NO2  + H — *- ArH + HONO

ArH + ‘NO 2  ----- *■ ArHN0 2

HONO + HNO3   *- 2 NO2  + H2 O

Scheme 1.4

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

I t .  i s  a l s o  p o s s i b l e  t o  e f f e c t  n i t r a t i o n  by g e n e r a t i n g  an 

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

t h e  c o r r e s p o n d i n g  r a d i c a l  c a t i o n .  T h i s  forms a r a d i c a l  p a i r  w i t h  NO2 , 

w h i c h ' c o l l a p s e s  t o  t h e  Wheland i n t e r m e d i a t e .  The (a/ 'B) p r o d u c t  r a t i o ^ \ n



. t

10. t
4

39 +
t h i p  c a s e  i s  h i g h e r  t h a n  t h a t  o b s e rv e d  i n  _ n i t i ; a t i o n  by N0 2 *

I n t e r e s t i n g l y  a r o m a t i c  r a d i c a l  c a t i o n s  g e n e r a t e d  i n  t h e  gas  phase  r e a c t
+  ' \ -

w i th  NO2  t o  g i v e  a o-bonded Ar^N0^2 u n d e r  t h e  same c o n d i t i o n s  t h e  
+  '

r e a c t i o n s  w i t h  NO2  w i t h  n e u t r a l  a r o m a t i c s  y i e l d e d  on ly  the,  n p r r e s p o n d i n g

a r o m a t i c  r a d i c a l  c a t i o n  and t h e  ^oxygena ted r a d i c a l  d a t i o n  (ArHO *) v i a
40  '

an e l e c t r o n  o r  oxygen t r a n g f e ?  . ■*
■

I

1 .4  N i t r a t i o n  v i a  a R a d i c a l  Mechanism: ' ,

R a d i c a l  mechanisms f o r  n i t r a t i o n  w i th  n i t r o g e n  d i o x i d e  have-
41 • -

been p ropose d  . A r a d i c a l  mechanism i s  i m p o r t a n t  i n  n i t r a t i o n  o f

p a r a f f i n i c  s i d e  c h a i n s .  N i t r a t i o n  o f  t o l u e n e  w i th  n i t r i c  a c i d  i n " t h e

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

p h e n ^ l n i t r o m e t h ^ n e .  I n  t h e  a b s e n c e  o f  n i t r o g e n  d i o x i d e ,  t h e  on ly

p r o d u c t s  were n i t r o t o l u e n e s  and p h e n o l s .  The p roposed  mechanism i s  a

c ha in  r e a c t i ô n  i n i t i a t e d  by n i t r o g e n  d i o x i d e  (scheme 1.5)V

\

PhCH^-H + -‘NO 2  

HNO2

NO’ + '2 HNO3 

PhCHg +■ ’NO 2 ,

Scheme 1 .5

PhCH2  +  HNO2  

"NO + ho’ 

3N0*2 + H2̂ 0

PhCH2 N0 2

H a r t s h o r n  and h i s  cow orke rs  have s t y d i e d  t h e  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  p h e n o l s  w i t h  NO2  i n  o r g a n i c  s o l v e n t s .  These  r e a c t i o n s  y i e l d  

p o l y n i t r o k é t o n e s  and o t h e r  o x y g e n a te d  products**^. N i t r a t i o n  o f  

2 , 6 - d i - t - b u t y l - 4 - m e t h y l p h e n o l  ( 2 ) w i t h  NO2  i n  c y c lo h e x a n e  g i v e s  t h e  

t r i n i t r o k e t o n e  ( 6 ) and t h e  d i h y d r o x y n i t r o k e t o n e  ( 8 ) i n  a d d l t i p n

•h
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t o  t h e  4 - n i t r o d i e n o n e  4 .  A r a d i c a l  mechanism i s  c o n s i s t e n t ' w i t h  t h e s e  

o b s e r v a t i o n s  (scheme-, 1 . 6 ) .  '!

- H N O 2

OH

3

NO2

N O , "  "

NOz 
; X ^ N O z

'"H  <  
f O H

0

8

Scheme 1 .6

1 . 5  N i t r a t i o n  v i a  N i t r o s a t i o n :

R e a c t i v e  a r o m a t i c s  l i k e  p h e n o l s ,  a n i s o l e s  and m e s i t y l e n e  c a n  

ul idergo n i t r o s a t i o n  f o l l o w e d  by o x i d a t i o n  t o  t h e  n i t r o  compound. T h i s  

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

a ' c ld .  Both  n i t r o s o n i u m  i o n  and  d i n i t r o g e n  t ^ ^ o x i d e  have  b e e n  

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

J L
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n i t r o s o  compounds have  been  i s o l a t e d .  The mechanism can  be w r i t t e n  
43

as

ArH 4- N2 O4

ArNO «f N2 O4

N2 O3 4- 2HN0 3 '

ArNO 4- HNO3 v'

ArNOg 4- N2 O3  , 
¥

2 N2 O4 4- H2 O

Scheme 1.7

T he re  i s ,  i n  a d d i t i o n  to  t h e  above, r e a c t i o n s ,  a n o t h e r  mode of
?-

n i t r o u s  a c i d  c a t a l y z e d . p i t r a t i o n  of  r e a c t i v e  s u b s t r a t e s ,  whichT a p p e a r s

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

t o  t h e  f o r m a t i o n  o f  n i t r o p e n t a m e t h y l b e n z e n e  accompanied  by a l a r g e

number ( a t  l e a s t  t e n )  o f  b y - p r o d u c t s .  In  t h i s  c a se  a n -complex  be tween

t h e  n i t r o s o n i u m  i o n ,  p r e s e n t  as  an i m p u r i t y  i n  t h e  n i t r o n i u m  s a l t ,  and
44,

t h e  a r o m a t i c  i s  i n v o l v e d  , a s  shown i n  scheme 1 . 8 :
I

' 6+ ( 1 - 6 )+̂  6 + * ,0 ( 2 - 6 )+
ArH — ->■ NO + NO 2  -----A r H  ->■ N..^̂ _______

‘ y ''

, ^  0 ( 1 - 6 )+
ArH — + . .,/.0  ArH — 4- N + NO

(!)
’No_

6+ 0 ( 1- 6 )+
ArH — + N  ► p r o d u c t s

6

NO + NO2   ' N20g

N2 O0 4" HNOg — >■ N20^ 4" HNO2

' ' Scheme 1 .8
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The i t-complex has  been  formed s e p a r a t e l y  by r e a c t i n g  benzene  homologs
4 5

( p e n ta m e th y lb e n z e n e  and d u r e n e )  w i t h  n i t r o s o n i u m  h e x a f l u o r o p h o s p h a t e  

These ,  on r e a c t i o n  w i t h  d i n i t r o g e n  t e t r o x i d e ,  g i v e  t h e  b y p r o d u c t s  

o b s e rv e d  i n  n i t r a t i o n .  T h e ^ n i t r o u s  a c i d  p roduced  makes t h e  r e a c t i o n  

a u t o c a t a l y  t i c .

X” 1 .6  The Mechanism,of  N i t r a t i o n  i n  A c e t i c  A n h y d r id e :

1
The mecbanisiu 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 o r i g i n a l l y  

t h o u g h t  to  be d i f f e r e n t  f rom t h e  c l a s s i c a l  n i t r o n i u m  io n  mechanism.

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

were r e s p o n s i b l e  f o r  t h i s  b e l i e f :  ( a )  a b n o rm a l l y  h igh  o r t h o : p a r a  r a t i o s
 ̂ ' 46

, 'were obse rved  in  some c a s e s  ; ( b )  a h i g h e r  c o n c e n t r a t i o n  of  m e s i t y l e n e

r e q u i r e d  f o r  t h e  ( a p p a r e n t )  ' o b s e r v a t i o n  o f  z e r o t h  o r d e r  k i n e t i c s
4 7  4 8

compared t o  t h a t  r e q u i r e d  i n  o t h e r  media  ; ( c )  a c é t o x y l a t i o n

accompanied n i t r a t i o n .

Measurements  of  vapour  p r e s s u r e ,  Raman and IR s p e c t r a  of

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

p r e s e n t  in  t h è  m i x t u r e  depend on t h e  p r o p o r t i o n s  of  n i t r i c  a c i d  and

a c e t i c  anhyd r ide^  The e q u i l i b r i a  (1 )  and (2 )  (scheme 1 . 9 )  below a r e

e s t a b l i s h e d  i n  m i x t u r e s  of  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  c o n t a i n i n g
49a

more t h a n  f i f t y  p e r c e n t  n i t r i c  a c i d

AcgO + 2 HNO3 -  NgOg + 2AcOH (1)

NgOg + ACgO ■' 2 ACONO2  ( 2 )

. ,  ̂ Scheme 1 .9

When a c e t i c  a n h y d r i d e  i s  p r e s e n t ' i n  l a r g e  e x c e s s  t h e  on ly  

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



tr

r 14,

AcgO + HNO, AcONOg + AcOH

Scheme I.10

At o r d i n a r y  t e m p e r a t u r e s  t h e  f o r m a t i o r f ’o f  a c e t y l  n i t r a t e  i s  c om p le te  

w i t h i n  m i n u t e s .  ^

A p p a r e n t l y  c o n c l u s i v e  e v id e n c e  r e g a r d i n g  t P ï ^ r o l e - o f

n i t r o n i u m  io n  as  t h e  e f f e c t i v e  n i t r a t i n g  a ge n t  comes from a compar ison
26y '

by Ridd o,f t h e  r a t e  o f  n i t r a t i o n  o f  t o l u e n e  and m e s i t y l e n e  i n  a c e t i c

a n h y d r i d e  w i th  t h a t  i n  a c e t i c  a c i d ,  The r a t e  c o e f f i c i e n t s  f o r  t h e  
’ ■

r e a c t i o n  of  t h i s  e l e c t r o p h i l e  w i t h  t o l u e n e  ( k ^ )  were c a l c u l a t e d  from t h e  

r e l a t i v e  r a t e s  (k^/kj^)  o f  n i t r a t i o n  o f  t h e  two h y d r o c a r b o n s  i n  bo th  

s o l v e n t s  w i th  t h e  a s s u m p t io n  t h a t  t h e  same e l e c t r o p h i l e  i s  i n v o lv e d  in  

t h e  n i t r a t i o n  o f  b o t h  h y d r o c a r b o n s  i n  t h e  same s o l v e n t .  The r a t e  

c o e f f i c i e n t s  ( k ^ )  f o r  t h e  r e a c t i o n  o f  m e s i t y l e n e  w i th  the  e l e c t r o p h i l e  

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

m e s i t y l e n e  in  e i t h e r  s o l v e n t .  The v a l u e s  ' (k^)  o b t a i n e d  f o r  t o l u e n e  were
8 , 8

a lm o s t  i d e n t i c a l  [k^(Ac 2 0 ) = 4 .0 x 1 0  and k^(HOAc) = 3 .6 x 1 0  J which

i n d i c a t e d  t h e  e l e c t r o p h i l e  must  be i d e n t i c a l  i n  bo th  s o l v e n t s .  The

e l e c t r o p h i l e  i s  known to  be n i t r o n i u m  ion  in  a c e t i c  a c i d .  An o b j e c t i o n  
49

t o  t h i s  a rgum ent  i s  t h a t  t h e  r e a c t i o n  o f  m e s i t y l e n e  in  a c e t i c  

a n h y d r i d e  i s  n o t  z e r o t h  o r d e r  a t  t h e  e n c o u n t e r  r a t e .  I t  has  been 

p roposed  t h a t ,  * i f  n i t r o n i u m  i o n  i s  t h e  a c t i v e  e l e c t r o p h i l e ,  i t  i s  formed 

. from a p r o t o n a t e d  a c e t y l  n i t r a t e ,  i n s i d e  t h e  e n c o u n t e r  p a i r ,  a s  shown in  

scheme 1 . 1 1 : .
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AcONOgH ■ + ArH

+
ArH NO9  + ,  AcOH 

V
» Scheme 1.11

ArH.AcNOgH

ArH.NOg.AcOH

- 1 0
T h is  mechanism c o u ld  t h e n  a c c o u n t  f o r  t h e  low h a l f  l i f e  (<10 s)  o f  t h e

e l e c t r o p h i l e  and c o n s e q u e n t l y  e x p l a i n  why m e s i t y l e n e ,  a f t ^ r  c o r r e c t i n g

f o r  medium e f f e c t ,  does  n o t  r e a ç t  a t  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  a t
' - 3

c o n c e n t r a t i o n s  as  h i g h  as  0 .5  mol dm

A c e ty l  n i t r a t e  a l s o  r e a c t s  w i t h  o l e f i n s  t o  y i e l d
5 0  5 1 j

n i t r o c y c l o h e x e n e s ,  n i t r o a c e t a t e s  and n i t r o n i t r a t e s  * . .The p r o d u c t s
51

ô b t a i n e d  from c y c lo h e x e n e  (9)  by Wolfe and h i s  co w o rk e rs  a r e  shown in  

scheme 1 . 1 2 .

NO2

1Ô

OAc

12

13

0 ?

. ÔNO2
%

OAc 16

Scheme 1.12



A
. 16.

l e , I s  n o t e w o r t h y  t h a t  t h e  p r o d u c t s  c o n t a i n  no c o n j u g a t e d  ,

n i t r o  o l e f i n ,  which s h o u ld  be t h e  p r e d o m i n a n t  p ro d u c t  i f  t h e  mechanism

in v o lv e d  c a r b o c a t i o n  i n t e r m e d i a t e s .  'U n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s
S  '

1 - n i t r o c y c l o h e x e n e  (17)  d i d  n o t  i s o m e r i z e ,  t h u s  th'e 3-  and 

4 - n i t r o c y c l o h e x e n e s  ( 1 0 ) and (11)  o b t a i n e d  i n  t h e  p ro d u c t  m i x t u r e ,  were 

^nb t  formed v i a  t h e  1- n i t r o  i somer  17.  The a u t h o r s  i n t e r p r e t  t h e s e  

r e s u l t s  by an i n i t i a l  c y c l i c  [ 2 + 2 ] a d d i t i o n  o f  n i t r o n i u m  i o n ,  f o l l o w e d  

by s u c c e s s i v e  r e a r r a n g e m e n t  o f  t h e  2 - i s o x a z e t i d i o n y l  c a t i o n  18 to  19 and 

20 (Scheme 1 . 1 3 ) .  R e a c t i o n  o f  t h e s e  i so m e rs  would t h e n  e x p l a i n  t h e  

, p r o d u c t s  o b s e r v e d  and a l s o  t h e  a b s en c e  of  p r o d u c t  17.

20

NO-

N — 0

18

H-

19

. Scheme 1 .13

A l though  t h e  f o u r  membered r i n g  i s  formed a t  t h e  e xpense  o f  

r e s o n a n c e  s t a b i l i z a t i o n  o f  t h e  n i t r o n i u m  i o n ,  i t  has  been shown by



' 17.
+

c a l c u l a t i o n s  o f  t h e  C2 H^-N0 2  e n e rg y  s u r f a c e  t o  be  240 k J /m o l  lower  in  
5 2 -

e ne rgy  t h a n  t h e  a c y c l i c  c a t i o n ,  i n  t h e  gas  p h a s e .  I t  i s  p o s s i b l e  

however t h a t  i n  s o l u t i o n , t h e  s t a b i l i t y  c o u ld  be r e v e r s e d  by e x t e r n a l  

s o l v a t i o n  o f  t h e  a c y c l i c  c a t i o n .  The r e l e v a n c e  o f  such  a [2+2] a d d i t i o n  

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

1 .7  The Wheland I n t e r m e d i a t e :

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

c y c l o h e x a d i e n y l  c a t i o n  (whe land  i n t e r m e d i a t e ) .  For a a o n o - s u b s t i t u t e d  

benzene  t h e r e  a r e  f o u r  p o s s i b l e  i s o m e r s  a s  shown in  scheme 1.14

Not  +

R NO]

/  4-

H NO;

Wi

21

Wo Wm

22 23

Scheme 1 .14

Wp

24

The W , W and W I n t e r m e d i a t e s  n o r m a l ly  undergo  r a p i d  
0  m 9  .. '

p r o t o n  l o s s .  I n  a few i n s t a n c e s  s t e r i c  f a c t o r s  s low down t h i s  p r o c e s s

and s e c o n d a r y  r e a c t i o n s  a r e  p o s s i b l e . .  F o rm a t ion  of
►



/
1 8 .

V

1 . 5 - d i - t - b u t y I - 3 - m e t h y l - 2 , 4 - d i o i t r o b e n z e n e  (30 )  and

l , 3 - d i - t - b u t y l - 5 - m e t h y l - 2 , 4 - d i n l t r o b e n z e n e  (31)  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 l - 2 - n i t r o b e n z e n e  (25 )  has  been  e x p l a i n e d ' b y  m o l e c u l a r  
53

r e a r r a n g e m e n t  i n  t h e  long  l i v e d  Wheland i n t e r m e d i a t e  a s  shown i n  

scheme 1 .1 5 .

25

NO]
O-

'NO:

30
N d z ÿ ^ ^ O ]

31

Scheme 1 .15

54
R e ic h  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 dduc t  

( e i x h e r  33 o r  34 (scheme 1 . 1 6 ) )  i n  t h e  n i t r a t i o n  of  

4 - b r o m o - ( 2 , 2 ] - p a r a c y c l o p h a n e  ( 3 2 ) .  A c y c lo h e x a d i e n o n e  36 b e a r i n g  a 

s e c o n d a r y  n i t r o  g roup  ha s  a l s o  b e e n  i s o l a t e d  by H o r i t a  and h i s

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  m e th y l  s u b s t i t u t e d  [2 , 2 ) - p a r a c y c l o p h a n e s
55 .

35 as  shown i n  scheme 1 . 1 6 .  — ,
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32

Br.

H N O g/A cO H  
80 C 15 m in

'O A c

33 or

O A c

34

-O

R = H o r Me35

Scheme 1.16

In  t h e s e  c a s e s  trhe second  a r o m a t i c  r i n g  s t e r i c a l l y  h i n d e r s
I >

d e p r o t o n a t i o n  and h ence  r e n d e r  t h e  Wheland i n t e r m e d i a t e s  long  l i v e d .
f

In  some e x c e p t i o n a l  c a s e s  t h e  Wheland i n t e r m e d i a t e s  have b e e n . g e n e r a t e d

by p r o t o n a t i n g  t h e  n i t r o a r o m a t i c s .  P r o t o n a t i o n  o f  9 - n i t r o a n t h r a c e n e

w i t h  s u l f u r i c  a c i d  i n  ' c r i c h l a & o a f ç e t i c  aci 'd l e d  t o  t h e  f o r m a t i o n  o f  -81% 
56

f r e e  n i t r i c  a c i d  . P e r i  i n t e r a c t i o n s  be tw een  t h è  9 - n i t r o  s u b s t i t u e n t ,  

and th ç  1- and 8 -  hyd ro g en s  i n  37, t h e  p r o d u c t  o f  d e p r o t o n a t i o n ,  

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



c o m p e t e t i v e  (Scheme^l  .’1 7 ) .

20,

+

37

Scheme 1 .17

39

1

21
The k i n e t i c  i s o t o p e  e f f e c t  m en t io n e d  e a r l i e r  and  t h a t

o b se rve d  by Olah and h i s ■cow orke rs  i n  t h e  n i t ^ a t i o n ^  o f  a n t h r a c e n e - d j q 
57

(k^ /kp  = 2Z25) 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 h a t e  a l s o  p o i n t  to  t h e

s low p r o t o n  l o s s  i n  t h e  Wheland i n t e r m e d i a t e .

Evidence '  f o r  t h e  e x i s t e n c e  o f  t h e  Wheland i n t e r m e d i a t e s  i s

p ro v id e d  by t h e  l i n e a r  p l o t  o f  l o g a r i t h m s  of  t h e  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  of  a r o m a t i c s  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 e  p r o t o n a t i o n

e q u i l i b r i u m  c o n s t a n t s  i n  l i q u i d  hyd rogen  f l u o r i d e  f o r " t h e  same 
58  -  .

compounds . T h i s  i n d i c a t e d  t h e  s i m i l a r i t y  in  t h e  t r e n d s  f o r  r a t e s  o f
». ■ » '
Wheland i n t e r m e d i a t e s  f o r m a t i o n  and th e  o - b a s i c i t i e s  of  t h e

c o r r e s p o n d i n g  a r o m a t i c  compounds.  T h e o r e t i c a l  c a l c u l a t i o n s  by Wheland
59

have s u p p o r t e d  t j ie e x i s t e n c e  o f  t h e s e  i n t e r m e d i a t e s  . S p e c t r o s c o p i c
60 ' 4

s t q d i e s  have now conf-irirfed t h e s e  s t r u c t u r e s  i n  t h e  cage» o f  i p s o

cat jLons*^(discussed i n  t h e  n e x t  s e c t i o n ) .
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1 . 8 ' Ip so -Wheïand  I n t e r m e d i a t e s :  '  v '

P e r r i n  and S k in n e r ,  i n t r o d u c e d  t h e  te rm  .ipso t o  d e n o t e  ' '
61

a t t a c k  o f  a r e a g e n t  a t  q s u b s t i t u t e d  p o s i t i o n  . .The r e s u l t a n t  c a t i o n ,
- X ' ^

t h e  ipso.— Wheland i n t e r m e d i a t e , '  (X -  t h e  o r i g i n a l  s u b s t i t u e n t )

• fo rm ed  by a t t a c k  o f  t h e  n i t r o n i u m  io n  i s  r e l a t i v e l y  s t a b l e  and shows a

v a r i e t y  o f  i n t e r e s t i n g  r e a c t i o n s .  The u n d e r s t a n d i n g  of  fhe  v a r i o u s

f a c t o r s  r e s p o n s i b l e  f o r  i t s  f o r m a t i o n  and f o r  i t s  u l t i m a t e ' f a t e  i s

i m p o r t a n t  t o  an u n d e r s t a n d i n g  of  t h e  o v e r a l l  n i t r a t i o n  p r o c e s s .  The

^ i p s o - d i r e c t i v e  p o w e r ' o f ^ a  s u b s t j . x u e n t  i s  d i f f i c u l t  to  m easu re .  A

• s u b s t i t u e n t  d e a c t i v a t e s  o r  a c t i v a t e s  t h e  o r t h o / p a r a  o r  meta  p o s i t i o n  by
'' * 

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

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

v a r i o u s  f a c t o r s  which a r e  n o t  n e c e s s a r i l y  of  e q u a l  im p o r ta n c e  f o r  a l l

f o u r  p o s i t i o n s .  On a Q u a l i t a t i v e  b a s i s ,  i n d u c t i v e  e f f e c t s  c o n t r i b u t e  t o

a l l  f ou r  p o s i t i o n s ,  b u t  become l e s s  i m p o r t a n t  w i t h  d i s t a n c e .  S t e r i c

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

meba o r  p a r a  p o s i t i o n s .  Resonance e f f e c t s  which a r e  s i g n i f i c a n t  a t

o r t h o  .and p a r a  p o s i t i o n s  .s h o u ld  no.t be i m p o r t a n t  f o r  t h e  ipso
p o s i t i o n .

, A m easu re  o f  tQe d i r e c t i n g  power o f  a s u b s t i t u e n t  J .s o b t a i n e d
J  62

from p a r t i a l  r a t e  f a c t o r s  . F i s c h e r  and h i s  coworkers  d e t e r m i n e d  t h e

p a r t i a l  r a t e  f a c t o r s  a t  t h e  m e thy l  g roup  i n  t o l u e n e  (o^ = 44,  m^ = 2 . 1 ,
6 3

Pg = 54, i j  = 4 . 7 )  , and t h a t  of  o t h e r  a l k y l  g roups  r e l a t i v e  t o  t h e

m e thy l  (i^® : : 1 ^%" = 1  : 0.3 : 0 . 2  : 0 ) ^ ^ .  Ipso
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  have been measured  by

61
P e r r i n  . \  The v a l u e s  above i n d i c a t e  t h a t  i n  a l k y l b e n z e n e s  t h e
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i p s o - p o s i t i o n  i s  l e s s  a c t i v a t e d  t h a n  t h e  o r t h o  o r  p a ra  p o s i t i o n s .

However i n  c a s e  o f  d i s u b s t i t u t e d  b e n z e n e s  t h e  s i t u a t i o n  can be r e v e r s e d  

by t h e  e f f e c t  o f  t h e  second  s u b s t i t u e n t .  Thus p o w e r fu l  a c t i v a t i n g
ws u b s t i t u e n t s  o r t h o  o r , p a r a  t o  t h e  a l k y l  g ro u p  .can i n c r e a s e  the

r e a c t i v i t y  a t  t h e  ipso p o s i t i o n  e . g .  a l t h o u g h  on ly  4% ipso
a t t a c k  o c c u r s  i n  t o l u e n e ,  7 5% i p s o - a t t a c k  o c c u r s  i h  p - x y l e n e .

A t tem pts  have been  made t o  q u a n t i f y  t h e s e  combined e f f e c t s  by u s i n g  t h e

p r i n c i p l e  o f  a d d i t i v i t y .  However t h e  e x p e r i m e n t a l  v a lu e s  do n o t  a lw ays
6 5  '

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

ipso -W he land  i n t e r m e d i a t e  can  be c l a s s i f i e d  a s : -

a)  r e v e r s a l  to  s t a r t i n g  m a t e r i a l  by t h e  l o s s  of  l i i t r o  g roup  ^

b)  i p s o - s u b s t i t u t i o n  by 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

c)  m i g r a t i o n  o f  t h e  n i t r o  g ro u p
y-

d)  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  »

e)  r e a r r a n g e m e n t  o f  a s u b s t i t u e n t  o r t h o -  o r  p a r a -  to  the^ i p s o  

p o s i t i o n

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

1 . 8 . 1  Ipso S u b s t i t u t i o n

A l a r g e  number o f  f u n c t i o n a l  g r o u p s  which undergo  

s u b s t i t u t i o n  by t h e  n i t r o  g r o u p  a r e  known. The o v e r a l l  c o n v e r s i o n  

i n  t h i s  c a s e  can  be r e p r e s e n t e d  as  i n  scheme 1 .1 8 :

NO

R,

R

+
-X

R,

40 41

X=CHO, CH3 CO, COgH, OMe, i P r ,  tBu,  ArCHg, Br,  I ,  SiMe^, SO3 H

Scheme 1 .1 8
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■■ , Norm al ly  I p s o  s u b s t i t u t i o n , o c c u r s  on ly  f o r  s t r o n g l y

a c t i v a t e d  a r o m a t i c s . '  The f a t e  of  t h e  e j e c t e d  g roup  ha s  n o t  a lw ays

b e e n  a s c e r t a i n e d  b u t  i n  some c ^ s e s  i t  can  s e r v e  a s  . p l e c t f o p h i l e

tow ards  a second  a r o m a t i c  m o l e c u l e .  N i t r a t i o n  of  p-cymeme (42)  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  t h u s  g i v e s  2-  and 3 - n ^ t r o - p - c y m e n e  (43)  and

(4-4) p - n i t r o t o l u e n e  (4 5) and d i i ^ p r o p y l  t o l u e n e  (46 )  as  shown i n  scheme 
6 6 '

1 .19  . >  •

42 .43 44 45

Scheme 1 .19

1 .8 . 2  Rear rangement  o f  S u b s t i t u e n t s  O r t h o -  o r  P a r a -  t o  t h e  I p s o  

p o s i t i o n ; -

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

p a r a -  t o  t h e  i p s o  p o s i t i o n  o f t e n  unde rgo  l o s s  of  a p r o t o n ,  t o  

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

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

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

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

t o  y i e l d  b e n z y l i c  compounds# Some examples  o f  such  r e a c t  long I n c l u d e  

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



24.

n i t r i t e s ,  n i t r a t i o n  to  n i t r o m e t h a n e s ,  a c é t o x y l a t i o n ,  a r y l a t i o n ,  

a l k o x y l a t i o n ,  h y d r o x y l a t i o n  and o x i d a t i o n  o f  t h e  s i d e  c h a i n .  Some 

examples  a r e  shown i n  scheme L . 2 0 .

OH

Ref 67a

Side chain hydroxylation Nitro-oxylation

K
V.V

COgH

51»

Side chain oxidation

Ref 67c

\

49 OMe Ref 67b

j*-
S i d e  c h a i n  a l k o x y l a t i o n  

Scheme 1 .2 0  ■

These r e a c t i o n s  have been  s t u d i e d  and r e v i e w e d  

extenadve lyGB. I n  some c a s e s  i n t e r m e d i a t e  c y c l o h e x a d i e n y l  compound? “ 

have been  i s o l a t e d  and  have  been  shown t?o y i e l d  b e n z y l i c  compoühdss
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1 . 8 . 3  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 s ; -

A c y c lo h e x e n o n e  d e r i v a t i v e ,  55,  formed i n  t h e  n i t r a t i o n  o f
67a '

i s o - d u r e n e  (52)  w i t h  n i t r i c  a c i d , i n  d i c h l o r o m e t h a n e  has  been  

e x p l a i n e d  by a process* i n v o l v i n g  m i g r a t i o n  of  à m e thy l  g roup  i n  t h e  WMe

formed by i p s o  a t t a c k  o f  n i t r o n i u m  i o n  a s  shown i n  scheme 1 . 2 1 .  O the r  

ejf,amples  o f  a lk y l ' ' , g ro u p  m i g r a t i o n  i n  h i g h l y ' s u b s t i t u t e d  

a r o m a t i c s  a r e  a l s o  known. ■*

NOz

' OH
NOz

52 -?3 54

Scheme 1.21

55

1 . 8 . 4  N u c j e o p h i l i c  C a p t u re  o f  Ipso-W heland  I n t e r m e d i a t e s

The most^ c o n v i n c i n g  e v id e n c e  r e g a r d i n g  t h e  r o l e  o f  

i p s o - W h e l a h d \ i n t e r m e d i a t e s  has  come from t h e  l a r g e  number o f  adduces

‘■,,J:hat havp been-pVepaf 'ed-by  n u c l e o p h i l i c  t r a p p i n g ,  of  .S u b s e q u e n t

r e a c t i o n s  on t h e s e  a d d u c t s  have  h i g h l i g h t e d  t h e - r o l e  of  t h e s e  

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  r e a c t i o n .  '  ̂ '
' ' 4i. . ^

The work d e s c r i b e d  i n  t h e  p r e s e n t  t h e s i s  i s  d i r e c t e d  toward^ '
'  ^  ^  ;  "  .  / '

' . e x t e n d i n g  Lhe s c ope  o f  t h e  I p s o - h i t r a t i o n  r e a c t i o n  f o r  t h e

jp r e p à r t i o q  o f  ipso-  a d d u c t s  an.d tfhe s tu d y  of  t h e  r e a c t i o n s  o,f t h e / ê

a d d u c t s .  (Ehè d i s s e r t a t i o n  has  t h u s  been  d i v i d e d  i n t o  c h a p t e r s  
■ ‘ .

p e r t a i n i n g  t o  t h e  r e a c t i o n s  d e a l i n g - w i t h  " . - , ' - r

/ 4'
*

y s. r ,



/ ■

^  ■ - ,  2 6 .
‘ V

■a) f o r m a t i o n  o f  a d d u c t s  ( C h a p te r  I I )

b) r e a c t i o n s  of  a d d u c t s  u nde r  t h e r m a l  c o n d i t i o n s  (Ch. I l l ) ;  i n  

\  a c i d i c  media  (Ch.  IV) ;  and w i t h  n u c l e o p h i l e s  i n  weakly a c i d i c ,  n e u t r a l ,  

and b a s i c  media  (Ch.  V ) .  , '  .

I n c l u d e d  i n  e a ch  c h a p t e r  i s  a d i s c u s s i o n  of  p r e v i o u s  work 

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

/

L



■ CHAPTER II: FORMATION OF IPSO’AdeRJCTS':
i’ ' V ,

. 2.1 I n t r o d u c t i o n
,

* . .

V  ̂ ^
Ipso Wheland i n t e r m e d i a t e s  can  b e ' c a p t u r e d  by e i t h e r  ' 

e x t e r n a l  o r  i n t e r n a l  n u c l e o p h i l e s .  Lone p a i r  b e a r i n g  « e u s b s t i t d e n t s .  

s i t u a t e d  a t  t h e  o r t h o  o r  p a r a  p o s i t i o n ,  w i t h  r e s p e c t  t o  t h e  ipso <
■4 _ ^

p o s i t i o n ,  can l e a d  to  i n t r a m o l e c u l a r  c a p t u r e .  Dienones  and imminium 

s a l t s  a r e  examples  of- p r o d u c t s  (Scheme 2 . 1 )  o b t a i n e d  from such  

c a p t u r e .  I n  t h e  p r e c u r s o r -  (a  p h e n o l  o r  a a  a n i l i n e )  t h e  lone, pair-  i s  

c o n j u g a t e d  t o  t h e  r i n g .  ,  • ^

Compound R R l - R2 R3 X . Ref

jb me H / R H H 0 69

NO 2 R 57 Et H H H H 0 .69

A
Rl 58 i P r H H rf" ' H ' 0 ■ 69

;  II
59 tBu H H H H ' 0 . 69

V
R2 <%) OMe OMe, H H OMe 0 70

/ X 61 CHgOMe H tBu tBu H- - ’0  ̂ . 7 1

. 62 CHgCN H ' tBu V tBu H 0 71

. ' 63 Me • Me Me NMeg 72

64 Me H NO2 Me H 0 73

Scheme 2 . 1 - i

¥*
Dienones a r e a l s o  formed

'
i n  t h e  n i t r a t i o n  o f a n i s o l e s . bu t  no t by

d i r e c t n u c l e o p h i l i c  c a p t u r e  aë  i n t h e c a s e  of p h e n o l s . In  t l je
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p r e s e n c e  o f  e x t e r n a l  n u c l e o p h i l e p  é u c h . a s  w a t e r  t h e  i n i t i a l  ad 'duc t ,
' - '  ■ -

a h e m i lc e ta l ,  c o l l a p s e s  t o  t h e  d i e n o n e .  T^e invo lv e m e n t  o f  a t t a c k  by
'  ' 18

w a t e r  on t h e  r i n g  c a r b o h  h a s  been  d e m o n s t r a t e d  by u s i n g  0 - l a b e l l e d
' 7 4  '

w à t e r  i n  t h e . n i t r a t i n g  m i x t u r e  . The l a b e l l e d  oxygen was

i n c o r p o r a t e d  i n  t h e  f i n a l  . d i e n o n e .  Dienones  a r e  aljso formed i n  t h e
' '  75 . . .

n i t r a t i o n  o f  c r e s y l  a c e t a t e s  .
y  '

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

t h e  r i n g  by a c a rb o n  c h a i n ,  b t c y c l i c  s p i ro -com pounds  a r e  formed 

( schemes  2^2 and 2 . 3 ) .  Some o f  t h e s e  a 'dducts  a r e  i n t e r e s t i n g  i n

t h a t  t h e y  behave  as. p r o t e c t e d  d i e n o n e s .

I

NO

- •

' Me NO

Compound R e f .

65 ' R 5̂=8 2 “ R 3“ R i4~H;. 7 (i

6 6  Rj=Me; 76

67 . Rj=Me; R2 =R^=H; ,Rg=N02;76

6 8  Rj=R2 =R^=Me; R3 =H; . ‘‘7^

Scheme 2 . 2

/
Compound

69 Rj=Me; X=0

70

71

R e f .. 
76

X=(CÜ2 >2 ; Ri-H ' 77 

x=(CH2)..3; Ri=H ..77

■ f  '

Scheme, 2 .3
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i . '
A r e c e n t  example o f  i n t e r n a l  n u c l e o p h i l i c  t r a p p i n g  o'f t h e  Wheland 

i n t e r m e d i a t e  73 i s  t h e  f o r m a t i o n  o f  a n o p a ro m a t i c  t r i c y c l i c  . a d d u c t  

75 in  t h e ,  n i t r a t i o n  o f  t h e  amide 72 .  "'The mechanism . invo lved  i s  shown'  

i n  âcheme 2 .4  ' ' . .

NHCOEt-

OMe
72

COEf

75

M eO
73

CO Et

TEA

/

\ /74

Ref 78 - 

Scheme 2 ..4"

N i t r a t i o n  With a c e t y l  n i t r a t e  i s  t h e  most  e x t e n s i v e l y  

s t u d i e d ‘c o n d i t i o n  f o r  t h e  g e n e r a t i o n  o f  i p s o - a d d u ' c t s  by e x t e r n a l '

n u c l e o p h i l i c  c a p t u r e .  The a c e t i c  a c i d  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  can c a p t u r e  t h e  i p so - .W h e la n d . i n t e r m e d i a t e  t h u s '
10 ‘ "  

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

p a i r  o f  1 , 4 - a d d u c t s  i s  o b t a i n e d  (scheme 2.5^ and 2.6^ by a t t a c k  of

t h e  n u c l e o p h i l e  a t  t h e  p a r a  p o s i t i o n  w i t h  r e s p e c t ' ‘t o  t h e  n i t r o  g roup

l e a d i n g  t o  n o n - c o n j u g a t e d  d i e h e s .  E v i d e n t l y ,  i n . t h i s  c a s e ,  a d d i t i o n
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of  a c e t a t e  o c c u r s  from e i t h e r  f a c e  o f  t h e  c a t i o n .  C o n ju g a te d  d i e n e s  

formed by 1,2 a d d i t i o n  have  a l s o  been i s o l a t e d  (scheme 2 . 7 ) ,  i n  t h i s  

c a s e  on ly  a s i n g l e  d i a s t e r e o m e r  lhas been o b t a i n e d .

NO 2

R] OAc

lound R Rl R2 R 3 R4 R5 Ref«

76 Me H H H H H 79
77 Me Me

1
H H H H . 80

7& Me H Me Me H H
81

79 ‘ Me Me H H H Me 81

80 Me H H Me
(

H H 82

81 Me H H Et H H 64
82 ' Me H i P r H H 83

83'*' Me / H tBu H H
84

84 Et H H Me H H 64
85 ' Et H H Et H H 64
86 ' Me Me H OMe H H 85

87 iP r Me H H H H 86

88 Me Me CN H H H 87a

89 Me H CN a H Me 87a

90 Me H COPh H H Me 87c

91 Me Cl H H H Me 87b

92 Me Me NO 2 H H H 65

93 Me H NO H H Me 65

94 Cl Me H Me H Me 88

(Examples  of  1 , 4 - a d d u c t s  f rom m onocyc l ic  compounds)

Scheme 2 .5
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95

Ref 89

H
O Ac

Ref. 91

Ref 90

M _ / \ .  U 98

Ref 90

(Examples  o f  1 , 4 - a d d u c t s  from p o l y c y c l l c  compounds) .  

Scheme 2 . 6

/

Compound R X Y Ref

99 Me F H 92

1 0 0 Me Cl H 92

1 0 1 Me Br H 92

1 0 2 Me OMe H 92

103 Me NHCOMe H 92

104 Me t,Bu H 84

105
U

C y c io p ro p y l OMe NO 2 93

(Examples  o f  1 , 2 - a d d u c t s )

Scheme 2.7  .
/



; 32. ; .

For mo sc  o f  t h e  s u b s t r a t e s  s tud- ied  t h e  p o s s i b i l i t y  of

b o th  1 , 2 -  and 1 , 4 - a d d i t i o n  e x i s t s ,  bu t  a p r o p e r  e x p l a n a t i o n  f o r  çhe

predominance  of  e i t h e r  mode o f  a d d i t i o n  r e m a in s  e l u s i v e .

I p s o ' a d d u c t s  formed by n u c l e o p h i l e s  o t h e r  t h a n  a c e t i c

a c i d  have a l s o ,  been  i s o l a t e d  as  shown i n  scheme 2 . 8 .  Thé f o r m a t i o n  of

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

e x p l a i n e d  a s  i n v o l v i n g  i n t e r m e d i a t e  i p s o  a d d u c t s .  A sedond a r o m a t i c
93

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

106

-M

109107 108

Scheme 2 .8

' J h e  c u r r e n t  s u rg e  of  i n t e r e s t  i n  n i t r a t i o n  c h e m i s t r y  i s

p a r t l y ’due t o  r e c o g n i t i o n  o f  t h e  i m p o r t a n c e  o f  I p s o  a t t a c k .  The

i s o l a t i o n  o f  çhe  a d d u c t s ’, m en t ioned  h e r e ,  has  d e m o q g t r a t e d  4:he

e x i s t e n c e  o f  ^ ’pso-Wheland i n t e r m e d i a t e s  i n  a r o m a t i c  n i t r a t i o n .

A m e a s u r e ^ th e  hrinimum e x t e n t  o f  i p s o  a t t a c k  i s  o b t a i n e d  d i r e c t l y
' - 

f r o m ' t h e  amount o f - a d d u c t s  d e t e c t e d .  I t  i s  i m p o r t a n t  t o  u n d e r s t a n d

t h é  v a r i o u s  f a c t o r s  which d e t e r m i n e  t h e  e x t e n t  o f  i p s o  a t t a c k ,

t h e  r e g i o s e l e c t i v i t y  ( l œ -  v e r s u s  1 , 4 - a d d i t l o n )  and t h e
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s t e r e o s e l e c t i v i t y  thajt i s  o b s e rv e d  in  t h e  n u c l e o p h i l i c  t r a p p i n g  o f  

t h e  ip t so -V he land  i n t e r m e d i a t e .

O b j e c t i v e s  o f  t h e  p r e s e n t  w o r k : -

92 '
The o b s e r v a t i o n  by D. L. F y l e s  t h a t  h igh  y i e l d s  of  

i p s o - a d d u c t s  a r e  o b t a i n e d  from t h e  n i t r a t i o n  of  4 - X - t o l u e n e s  

o p e n .e d  a  new r o u t e  t o  t h e  p r e p a r a t i o n  of  c y c l o h e x a - 1 , 3-_d ienes . In  

t h e  p r e s e n t  work i t  Vas t h e  i n t e n t i o n  ( i )  t o  r e i n v e s t i g a t e  t h e  

r e a c t i o n s  s t u d i e d  by' F y le s  and t o  a t t e m p t  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  of  t h e  a d d u c t s .  ( I t  was a l s o  i n t e n d e d  to  s tudy  th e  

r e a c t i o n s  of  t h e  . a d d u c t s .  Th is  had no t  been done in t h e  e a r l i e r  

 ̂ work .as i s  d i s c u s s e d  i n  s u b s e q u e n t  c h a p t e r s . )  i i )  t o  a t t e m p t  to  

i s o l a t e  t h e  a d d u c t  from 4 - a c e t a m i 3 o t o l u e n e  ( 4 - m e t h y l a c e t a n i l i d e ) , 

which had no t  been i s o l a t e d  p r e v i o u s l y .  i i i )  t o ' e x t e n d  t h e  

i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n  to  d i ( h e t e r o a t o m )  s u b s t i t u t e d  

t o l u e n e s  as  s y b s t r a t e s .

The s p e c i f i c  s u b s t r a t e s  i n v e s t i g a t e d  were 4 - b ro m o to l u e n e  

( 1 1 0 ) ,  4 - c h l o r o t o l ü e n e  ( 1 1 1 ) ,  4 - m e t h y l a n l s o l e  ( 1 1 2 ) ,  

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

2 - c h l o r o - 4 - m e t h y l a n i s o l e  (115)  4 - m e t h y l - 2 - n i t r o a n i s o l e  ( 1 1 6 ) ,

3 - c h l o r ô - 4 - m e t h y l a ç i i s o l e  ( 1 1 7 ) ,  4 - m e t h y l - 3 - n i t r o a n i s o l e  ( 1 1 8 ) ,

2 -c h lo ro - .4 —methyl 'pheno l  ( l l 9 )  and 3 - c h l o r p - 4 - m e t h y l p h e n o l  ( 1 2 0 ) .

The r e a c t i o n s  of  ' t h e s e  a d d u c t s  o b t a i n e d  "were a l s o  t o  be 

i n v e s t i g a t e d  and t h i s  i s  d i s c u s s e d  in  t h e  r e m a in ing  c h a p t e r s  of  t h i s  

d i s s e r t a t i o n .  , > -

A
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2 .2  R e s u l t s  and D i s c u ss io n ' .

" ^ e  i p s o - a d d u c t s  were p r e p a r e d  by n i t r a t i n g  t h e

s u b s t r a t e  a r o m a t i c s  u nde r  c o n d i t i o n s  which l e d  t o  optimum y i e l d s .

The n i t r a t i o n  o f  4 - c h l o r o t o l u e n e  ( 1 1 1 ) ,  4 - b r o m o to l u e n e  (110)  §nd

4 - m e t h y l a n i s o l e  (112)  were c a r r i e d  o u t  u nde r  c o n d i t i o n s  which had
9 5

, been s t a n d a r d i s e d  p r e v i o u s l y  by D. L. F y l e s .
■,

4 - A c e ta m i d o t o lu e n e  (113)  was n i t r a t e d  u s i n g  a s l i g h t l y  m o d i f i e d

p r o c e d u r e .  The p r o c e d u r e s  a c c e p t e d  f o r  t h e  n i t r a t i o n  of"-

2 - c h l o r o - 4 - r a e t h y l a n i s o l e  ( 1 1 5 ) ,  3 r c h l o r o - 4 - m e t h y l a n i s o l e  ( 1 1 7 ) ,

2 - b r o m o - 4 - m e t h y l a n i s o l e  ( 1 1 4 ) ,  2 - n i t r o - 4 - m e t h y l a n i s o l e  (116 )  and

3 - n i t r o - 4 - m è t h y l a n i s o l e  (118)  were s i m i l a r  and t h e  c o n d i t i o n s  were
-r;

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

- p r e l i m i n a r y  r e a c t i o n s  on a 0 . 5  mmol s c a l e  and f o l l o w i n g  t h e  
1

r e a c t i o n s  by H-NMR. The d i e n o n e s  which were o b t a i n e d  a s  

b y - p r o d u c t s  in  some r e a c t i o n s ,  were p r e p a r e d  s e p a r a t e l y  by 

n i t r a t i n g  t h e  c o r r e s p o n d i n g  p h e n o l s  119 and 120,  s i n c e  t h i s  

a l lowed  easy  s e p a r a t i o n  from t h e  accompany ing n i t r o p h e n b l  p r o d u c t s  

. by ch rom a tog raphy  a t  low t e m p e r a t u r e s  ( - 7 8 * 0 )  on a b a s i c  a lu m in a

column. The n i t r o a r o m a t i c s  which were formed t o g e t h e r  w i t h  t h e
/

i p s o  a d d u c t s  were c h a r a c t e r i z e d  by e i t h e r  a s e p a r a t e  p r e p a r a t i o n  

th rough  e s t a b l i s h e d  r o u t e s  o r  by com p a r i s o n  w i t h  pure  s am p les  of  

known s t r u c t u r e  o b t a i n e d  d u r i n g  t h e - s u b s e q u e n t  s tu d y  o f  t h e  '

' r e a c t i o n s  o f  . t h e  a d d u c t s .  In  some c a s e s  t h e  n i t r o  d e r i v a t i v e s  were 

o b t a i n e d  from com m erc ia l  s o u r c e s *
t

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

in  f i g u r e s  2 . 1  and 2 . 2  and t h e  r e a c t i o n  c o n d i t i o n s  and y i e l d s  of
1 13

i n d i v i d u a l  ,r e a c t i o n ' s  a r e  l i s t e d  i n  t a b l e  2 . 1 .  The H- and C-NMR 

d a t a  of  t h e  d i e n e s  o b t a i n e d  from n i t r a t i o p  i s  g i v e n  i n  t a b l e s  2 . 2  '  

and 2,3 r e s p e c t i v e l y .
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S u b s t r a t e  Temp Time Mol p r o p o r t i o n  P r o d u c t  ( p e r c e n t a g e )  T o t a l

°C mins HNO3 AC2 O TFA ipso
a t t a c k

1 1 1 «40 . 60 2 6 ' ' 1 100(70) 121(17) 122(13)  70

1 1 0 ' - 40 90 2 6 1 101(64)■ 123(28) 124(8) 64

1 1 2 -40 30. 2 5 0 102(30) 116(70) 30-

113 -40 120 ■ 5 ,15 1 103(35) 125(65) 35

115 -40 60 2 5 0 130(49) 134(18) 136(33) 67
119 ‘ -45 10 , 3 5 0  ” 134(42) 137(58) 42
117 / - -45 38 2 1 0 0 140(23) 138(26) 139(51)  23

1 2 0  -60 to  -40 30 1 .5 CDCI3 0 140(22) 142(25) 141(53) 22
114 -40 40 2.4 4 0 146(30) 148(27) 147(43) 57

114-̂ - 2 0 30 5 1 0 1 151(53> 152(5) 153(5)
, 154(25) 155(12) 88

0 60 3 1 0 ■ 0 151(58) 154(30) 155(12) 88
118 -40 30 5 1 0  ■ 2 157(40) 158(50) 159(~10)  <10

' T a b l e  2 . 1 :  Summary o f  c o n d i t i o n s  f o r  n i t r a t i o n  and c o m p o s i t i o n  o f  r e a c t i o n

m i x t u r e  p r i o r  t o  work up



r i t u T »  2 . 1 :  t l « t  o f  Hon-Arom»t lc  P ro d uc t »  o b t a i n e d  t rom N l t r n t ^ n
r t R u r »  2 . 2 :  L U t  o f  Aromat ic  P ro du c t »  o b t a i n e d  f r o o  N l t r j i t l o o
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# CH3 OAc OMe 1-H 2-H 4-H 5-H 1 , 2 1,5 2 ,4 2 ,5 4 , 5

1 0 0 , 1 .78 1.99 - 5 .53 6 . 1 2 6 .03 6 .5 5 6 ,13 1.65 1.97 0 .6 1 1 0 . 2 0

1 0 1 1.77 1.98 - 5.45 6I37 6.13 ' 6.45 6 .15 1 .76 1.80 0 .55 10 .23

1 0 2 1.77 1.95 3 .6 0 5 .62 4.97 5 .9 3 6 .5 6 6.57 1.52 1.75 1 0 . 2 0

103 1.78 1.95 - 5 .62 6.49 6 .09 6.5'9 6 .55 1.53 .1.70 -  • 10 .30

130. 1 .80 1.97 3.68 5 .60 5.12 - 6 .73 6 .45 1 .85 - -

14.6 1.80 1.98 3.67 5.59 5 .09 - .6.99 6 .62 1.91 - - -

154 1 . 8 8 1.99 3 .7 1 5.64 5.27 - 7 .29 6 .7 0 2 . 0 2 - - -

151 1 . 8 8 1.97 4.03 7 .09 - 6.47 6 .51 - 2 .06 - - 10 .6 0

152 1 .79 2 . 1 0 4.04 7.04 - 6.71 6 .36 — 1 .6 0 — - 1 0 . 2 0

Chemical  s h i f t s  o f  o t h e r  f u n c t i o n a l  g roups  a r e  i n c l u d e d  i n  c h a p t e r  V I I .

/
1

T a b le  2 . 2 :  H-NMR d a t a  o f  D ienes  o b t a i n e d  from N i t r a t i o n s
M-

Chemica l  S h i f t s  (ppm) C o u p l ing  C o n s t a n t s  (Hz)

-37.

13
Table 2 . 3 : C-NMR d a t a  o f Diehes o b t a i n e d  from N i t r a t i o n s .

V CH3 OAc OCH, Cl C2 C3 C4 C5 Cs CO

1 0 0 23 .2 2 0 . 6 - 70 .2 118.1 133 .6 126.1 129 .4 8 7 .2 169 .5

1 0 1 23 .1 2 0 . 6 - 7 0 .4 1 2 2 . 0 1 2 2 . 6 127 ;8 . •128 <6 . 8 6 . 8 169 .0

1 0 2 2 2 . 6 19.6 5 3 .8 70.8 8  7'. 8 155.2 122.7 ' 128 .4 87 .3 168 .8

103 23 .3 20.7 - 7 0 .3 1 0 2 . 6 134,3 122.7 129.1 87 .7 169 .2

; (NHCO^ = 24 .5 ) • 170 .0
t

169 .6\ 130
)

I  146

23 .5 20.7 55 .8 71 .2 91 .1 152'.4 127.6 126.2 88 .7

23 .2 20.7 55 .8 71.1 90 .5 152.5 117.3 130.4 8 9 .3 169 .6

%154 22 .5 2 0 . 6 56 .1 70 .7 93 .5 149.3 145.4 127.3 87 .5 169 .4

15*1 2 2 . 8 20.4 5 8 .0 70,4 123.7 155.9 117.2 138 .3 8 8 .9 168 .4

152 2 1 . 8 20.5 58 .1 6 8 . 2 124.3 156.5 122.4 135.6 8 6 .3 169 .2
. y
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2 . 2 . 1  N i t r a t i o n  o f  4 - X - t o l u e n e s

A,

,T^e 4 - c h l o r o t o l u e n e  (111)  was n i t r a t e d  w i th  a^setyl

n i t r a t e  a t  - 4 0 “C 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 l p , a n h y d r i d e .  The 
1
.H-NMR spe c t rum  o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  

70% ( Z . ) - 3 - c h l o r o - 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  ( 1 0 0 ) ,  

17% 4 - c h l o r o - 2 - n i t r o t o l u e n e  (121)  and 13%"4 - c h l o r o - 3 - n i t r o t o l u e n e  » 

( 1 2 2 ) .  A f t e r  low t e m p e r a t u r e  work up w i t h  ammonium h y d r o x id e  t h e   ̂

c o m p o s i t i o n  o f  t h e  m i x t u r e  was unchanged  and d i e n e  1 0 0  was s e g ^ r a j ^ i f  

hy c r y s t a l l i z a t i o n .
. - _ y  >

From 4 - b r o m o to l u e n e  (110)' '"a m i x t u r e  of  64% (Z ) - 3 - b r^ m o -

- 6 - m e t h v l - 6 - n i t r o c y c l ô h e x à - 2 , 4 - d i e n y l  a c e t a t e  (101 ) , '*^ 8 %

4 - b r o r a o - 2 - n i t r o t o l u e n e  (123)  a n d ^ 8 % 4 - b r o m g - 3 - n i t r b t o l u ^ n e  (124)  was

o b t a i n e d .  A l o n g e r  r e a c t i o n  t im e  and e x c e s s  t r i f l u o r o a c e f i c

a n h y d r i d e  were needed ,  ’a s - c o m p a r e d  w i t h  t h e  n i t r é t i o n  o f  111.  Diene

101 was o b t a i n e d  f r o m , t h e  m i x t u r e  by c r y s t a l l i z a t i o n .  N i t r a t i o n  o f

4 - m e t h o x y to l u e n e  (112)  i n  a c p t i c  a h h y d t i d e  y i e l d e d  30% ^

" ( Z ) - 3 - r a e t h o x y - 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  (102)  and

70% of  4 - m e t h y l - 2 - n i t r o a n i s p l e  (116).■■ L i q u i d  ammonia wOYk up ...

fo l l o w e d  by c r y s t a l l i z a t i o n  gave d i e n e  1 0 2  i n  amount . e s s e n t i a l l y

e q u a l  t o  t h a t  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 .
.f

The n i t r a t i o n  o f  4 - a c e t a m i d o t o l u e n e  (113)  was c a r r i ^  . . 

o u t  by addif tg t h e  powdered a r o m a t i c  f l i r e ' c t l y  t o  t h e  n i t r a t i n g

V

m i x t u r e .  As r e a c t i o n  p ro ce d e d  a homogênepirè s o l u t i o n  was o b t a i n e d
1 *  ̂ '

The H-NMR s p e c t r u m  o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e ^ p r ë â e n c e ^

of  35% ( Z ) - 3 - a c e t a m i d o - 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 & p y l  a c e t a t e  . ,
'

(103) and 4 - m e t h y l - 2 - n i t r o a c e t a h i l i d e  ( 1 2 5 ) .  A f t e ç  c a r e % l  work, up
St

w i th  ammonium h y d r o x id e  a t  low t e m p e r a t u r e  f a l l o w e d  by e v a p o r ^ i o n

A-
If t <■

; i
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‘ o f  s o l v e n t  a t  -AOf^C, d i e n e  1Q3 (35%) was o b t a i n e d  i n  a m l x t u r g .
: y' ' . .. - '  . ' '  (

A t t e m p t s  t o  • c r y s t a l l i z e  t n e  d i e n e  f fom  v a r i o u s  do iven t ,  m i x t u r e s
- " - ' '   ̂

f a i l e d !  The d i e n e  was found t o  be e x t r e m e l y  l a b i l e  and a r o m a t i z e d  -

t o  125 o y e r  a p e r i o d  o f  , t ime a t  -2 0 ° C .  • ï*ure d i e n e  103 jwas however

o b t a i n e d  by t w o , , s u c c e s s iv e  c h r o m a t o g r a p h i c  R e p a r a t i o n s  ypn a - ’s i l i c a

tco lum n a t  - 9 8 ° C .  .D e t a i l e d  i n v e s t i g a t i o n  of  t h e  ready  a r o m a t i z a t i o n
, ,  ̂' —v), I <r'nf . I \

o f  t h e  d i e n e  was c a r r i e d  ou t  s u b s e q u e n t l y  and i s  d i s c u s s e d ^ i n
,

C h a p t e r  I I I .  '
. f  *

The s tt iJCt'uf 'es  o f  t h e  d i e n e s  were" i n i t i a l l y  a s s i g n e d  on

th e  b a s i s  of.  s p e c t r a l - i n f o i - m a t i o n .  ^ E l e m e n t a l  a n a l y s e s  were

c o n s i s t e n t  wi^h- t h e ^ a d d i t i o ^  o f  a c e t y l  n i t r a t e , t o  t h e  s u b s t r a t e '

a r o m a t i c .  Such a d d i t i o n  was c o n f i r m e d  by t h e  IR s p e c t r a  which
. _ 1

e x h i b i t e d , s t r o n g  a b s o r p t i o n ^  a round  1750 ( f o r  OCOCH3 ) and 1550 cm

( f o r  NOo)-,-. The UV s p e c t r a  (X » 265nm) showed t h a t  t h e  d i e n e s
—  '' ' i 9 6

w e r e ^ d o n j u g a t R d . , ' - I s o l a t e d  d o u b l e  b o n d s , a b s o r b  b e l o w , 253 nm
'  '  ' I

^ h e r e  a r e  t h r e e  at^rangemenbs o f  c o n j u g a t e d  d o u b le  bonds ^ h i c h  can be
'V  (,

- d e r i v e d  from a d d i t i o n  t o  a 4 - S u b s t i t u t e d  t o l u e n e .  "̂’Us ing t h e

« n u m e r a t i o n ' o f  t o l u e n e a s t h e s e  may 'be  d e s c r i b e d  a 1 , 3 - d i e n e  ( 1 2 6 ) ,  „a

l ,5-»df-ene (1^7 )  a n d ' a '  z T ^ - o i e n e  ( 1 2 8 ) ,  a s  shown . i n  scheme 2."9 ,

i'
-w;

■ / ,  $

■V

1,; '3-diene

1 2 4  *

, 'V

1 , 5 - d i e n e

1%7'

Scheme 2 .9  
.------- 7 ---------

"  3

2 , 4 - d i e h e  

128
r

. i
“Itf theJTL, 3 - d l e n e  (126)  bot îi  sp  c a rb o n  atoms have van a t t a c h e d

t.-
A

*> '
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■ ■ ■  ■ r . , 4 0 .  :' :
13 , , ~ , , . ' 3

hyd rogen  atom. Howeve'r t h e  ' C-NMR i n d i c a t e s  t h a t  t h e r e  i s  on^ sp

,  c a rb o n  atom w i t h  art a t t a c h e d  hydroget i  atom ( 6  ' = 70 ppm, d o u b l e t
* ' ^ '  '3 .

s p l i t t i n g  i n  t h e  g a t e d  spec t runh  J» 1 5 0 H z ) , and o n e . s p  c a rb o n  atom'

w i th  no a t t a c h e d  hydrogen  ( 6  = 87 ppm, s i n g l e t  i n  t h e - g a t e d

s p e c t r u m ) .  Moreover  t h i s  s t r u c t u r e  c a n n o t  a c c o u n t  f o r , t h e  lOHz
' 1 '  ' '  ' ' . 

s p l i t t i n g  o f  v i n y l i c  p r o t o n s  U n  t h e  H-NMR s p e c t r a ,  which p o i n t s  to
 ̂ \  f A 7 1 " -

■' t h e  p r e s e n c e  of  a d j a c e n t  v i n y l i c  p ro tons ) .  I n  t h e  1' ,-5-diener  (127)
i • ' - 3

. s t r u c t u r e  t h g  v a r i a b l e  s u b s t i t u e n t  (4-X),  i s  a t t a c h e d  to  an  sp

c a rb o n  which h a s ' n o  a t t a c h e d  hydrogen  ( a f t e r  a c c o u n t i n g  f o r  t h e  
/  13'

a d d i t i o n  of  ACONO2 ) .  H o w e v e r ' i n  t h e  C-nmr s p e c t r a  t h e  p o s i t i o n  of
3

t h i s  sp c a rb o n  a b s o r p t i o n  is-  q u i t e  i n v a r i a n t  ( 6  «87 . 5 ppm) which 
I . c

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

C o r r e s p o n d i n g l y  t h e  sp  c a rb o n  which has  no a t t a c h e d  h yd rogen  has  <
\  '

w i d e ly  r a n g i n g  ^ a b s o r p t i o n  ( 6 ^ 1 2 2 . 6 - t o  155 .2  ppm) c o n s i s t e n t  w i th  

the^ 4 - X - s u ^ s t i t u e d h e i n g  l o c a t e d  a t  t h i s  p o s i t i o n .  Thus Only th e

2 , 4 - d i e n e  (128)  s t r u c t u r e  i s  c o n s i s t e n t , w i t h  t h e  p o s i t i o n  o f  t h e  

- a b s o r p t i o n s  q f  t h e s e  two c a r b o n  a tom s .  F i n a l l y  t h e  n i t r o  g roup  must  

, be  l o c a t e d  a t  p o s i t i o n  1  b e c a u s e  t h e  c h e m i c a l  s h i f t  of  t h e  

' q u a t e r n a r y  c a r b o n  (5  =87ppm) i s  t h e  same as  t h a t  o f  t h e  o n ly  sp
V .  C  '  -

c a r b o n  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 è  (56)  which b e a r s  the* 

n i t r o  g roup  and m ethy l  g r o u p .  The a c e t a t e  g roup  i s  t h u s  a t f  p o s i t i o n  

6 . C o n f i r m a t i o n  o f  t h e  a s s i g n e d  s t r u ç t u r e  and e l u c i d a t i o n  o f  t h e  , 

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

d i e j i e  101 by an X-ray  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n .  5 h i f t r r

' r e a g e n t  s t u d i e s  a p p l i e d  t o  t^he two members o f  a p a i r  o f  ' >
/ > 

d i a s t e r e o m e r i c  a d d u c t^  have been  used to  d e t e r m i n e  t h e
- „  „ 65
g  \  “ s t e r e o c h e m i s t r y  o f  some 1 , 4 - a d d u c t s  ' brtt t h e  method c o u ld  n o t  be

/  ' '  ' .  '
• ' a p p l i e d  t o  t h e  d i e n e s  o b t a i n e d  i n  t h i s  worlc s i n c e  a pu re  s a m p le " o f

X '
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t h e ' m i n o r  d i a s t e r e o m e r  was n o t  a v a i l a b l e .

. Diene 101 was found  t o  be s t a b l e  enough t o  s u r v i v e  f p r  

^  p e r i o d s  a t  ambient  t e m p e r a t u r e *  and a m re n a b le  t o  X - t a y  ^ ^ i n v e s t i g a t i o n . 

The O r t é p  d i à g r a m ' o f  t h e  s t r u c t u r é  obt'al^ned i s  g i v e n  i n  F i g .  2 . 3 .
4i *

R e l e v a n t  bond l e p g t h s  and a n g l e s  a r e  g i v e n  i n  t a b l e s  2 .4  an<f 2\.5.
.. seen -T

As dan ])e,£rom t h e  d i a g r a m  t h e  d i e n e  o b t a i n e d  i n  t h e  n i t r p t i o n  i s
- ; tj > '

. e x c l u s i v e l y  (Z)- ia ,omer‘. E v i d e n t l y  t h e -1, 2 - a d d i t i b n  o f  a jc e ty l

n i t r & t e  ( a s  h i t r o n iu r a  a c e t a t e )  i s  a c i s  a d d i t i o n  and ,  by a n a l o g y ,

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

4 - X - t o I u e n e s ,  a l l  o f  which  g iv e '  o n ly  one d i a s t e r e o m e r  on n i t r a t i o n .

' -- - ' ' '  ' ' . :The s t è r e o s e l , e c t i v i t y  o b s e r v e d  i n  t h e s e  r e a c t i o n s  i s  r e m a r k a b l e .

The s t r u c t u r a l  f e a t u r e s  o f  t h e  d i e n e s  and c o n s e q u e n t  e f f e c t s  on t h e  '
1 *  ' 13 •' '" • '  ' ■ ^
H and .. C-NMR s p e c t r a  a r e  d i s c u s s e d ‘ i n  c h a p t e r  I I I . »  T he re  i t  i s

shown c o n c l u s i v e l y  th a p  t h e  a d d u c t s  f rom o t h e r  ^ - X - t o l u e h e s  have  t h e

( Z ) - c o n f i g u r a t > io n .  . The r e l e v a n t  m e c h a n i s t i c  f e a t u r e s  l e a d i n g  t o

such  s t e r e o s e l e c t i v i t y  a r e  d i g c p s s e d  in  C h a p te r  V. /

? ' f

\
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C7,

I

F i g u r e  2 . 3 :  M o le c u l a r  ^ r u c t u r e  o f  ( Z ) - 3 - b ro m o -6 - f n e t h v l - 6 -  

n i t r o c y c l o h e x a - 2 , 4 - d l e n y l  a c e t a t e  ( 1 0 1 ) . .

/
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TABLE 2 .4  

- I n t e r a t o m i c  D i s t a n c e s  (Â) f o r  101

. Atoms d i s t a n c e Atoms D i s t a n c e

C(3) -Br 1.909(  8) C(6) -C(l) 1.543(^2)

Ü(l) ^b( i ) 1.228( 8) 0(3) -C(2) 1.302(12)

N ( l ) -Of2) 1.218( 9) . C(4) -C(3) 4.475(j3T
c ( i )  -002) 1.455( 9) 0(5) -C(4) 1.332(13)
C(8) -0(3) 1 . 358(10) 0(6) -C(5) 1.492(11)
C(8) -0(4) 1.202(  9) 0(7) -0(6)^ 1.532(12)
C(6) - N ( l ) 1 . 520(10) 0(9) -6(8) 1.476(11)

C(2) -C(l) 1.503(11)

E s t im a te d  s t a n d a r d  d e v i a t i o n s  a r e  g i v e n  i n  p a r e n t h e s e s

TABLE 2 .5  

Bond Ang les  ( ° )  f o r  101

Atoms Angle Atoms Angle

0(4) -0(3) -Br 1 1 5 . 1( 7) C(2 -0(3) -Br 1 2 1 •4( 7)

0(5) -0(4) -0(3) 1 1 8 . 9( -8 ) 0(3 -0(2) -0(1) 119 .7( 7)

0 (6) -0(5) -0(4) 11-9.2( 8 ^ 0(6 -0(1) -0(2) 109 .4( 6 )

0(5) -0(6) - 0 ( 1 ) ' T 1 2 .8 ( 7) 0 (2 - N ( l ) -0(1) 123 • 0 ( 8 )

0(5) -0(6) -N(l) L09.8( 7) 0 ( 1 -0(6) - N ( l ) 105 .8( 6 )

0 (6) -N(l) -0(1) .119.4( 8) 0 ( 6 - N ( l ) -0(2) 117 •3( 7)

0 (6) -0(1) -(%3) 106.6( 6 ) 0 ( 2 -0(1) .-0(3) 109 •3( 6 )

0 (8) -0(3) -0(1) 116L3( 6 ) 0 (4 -0(3) -0(2) 123 •4( 8)
0(7) -0(6) - N ( l ) . 1 0 6 . 6( 7) 0(4 -0(8) -0(3) 1 2 1 • 6 ( 8)
0(7) -0(6) -0(1) . 1 1 0 . 3( 7) 0 (9 -0(8) -0(3) 1 1 1 •4( 8)
\0<7) -0(6) -0(5) 11 1 .3 ( 7) 0(9 -0(8) -0(4) 127 . 0 ( 8)
im a te d  s t a n d a r d  d e v i a t i o n s  a r e  g i v e n  i n  p a r e n t h e s e s .



44.

O t h e r  f e a t u r e s  o f  t h e  H and C-NMR s p e c t r a  o f  t h e  d i e n e s

1 0 0  -  103^are  a s  f o l l o w s  ( e n u m e r a t io n  now f o l l o w s  t h a t  e x e m p l i f i e d

3 - c h l o r o - $ - 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  ( 1 0 0 ) ) ,  In

t h e  H-NMR s p e c t r a  t h e  m ethy l  g roup  r e s o n a t e d  a t  ~ 6  1 .8  ppm and t h e
f  '

a c e t a t e  m ethy l  p r o t o n s  r e s o n a t e d  a t  ~ 6  2 . 0  ppm. The p r o t o n s  of  t h e  

methoxy g roup  o f  d i e n e  102 r e s o n a t e d  a t  5  3 .6 0  ppm and t h o s e  of  t h e  

I j a ce tam idp  igroAip i n  d i e n e  103 a t  6 2 .lOppmî ( C H j ) . ; »

The a b s o r p t i o n s  o f  t h e  1 and 2 p r o t o n s  were d i s t i n g u i s h e d  

from t h o s e  o f  t h e  4 and 5 p r o t o n s  by the  6 -Hz c o u p l i n g  of  t h e  fo rm er  

a s  compared w i t h ’ t h e  10 Hz c o u p l i n g  o f ' t h e  l a t t e r .  The i n d i v i d u a l  

a s s ig n m en t  o f  t h e  a b s o r p t i o n s  o f  t h e  1  and 2  p r o t o n s  was made on t h e  

b a s i s  t h a t  t h e  1 - p r o t o n  a b s o r p t i o n  s h o u ld  be e s s e n t i a l l y  i n v a r i a n t  

in  p o s i t i o n ,  and i s  t h e r e f o r e  t h e  a b s o r p t i o n  a t  Ô ~ 5 . 5  ppm, w he re as  

t h e  2 - p r o t o n  a b s o r p t i o n  s h o u ld  be  a f f e c t e d  by t h e  v a r i a t i o n  of  t h e

X - s u b s t i t u e n t , - w h i c h  i s  v i n y l i c  t o  i t  and ranges., from 5  5 . 0  t o  6  . *5

' ' ^
ppm. These a s s i g n m e n t s  were c o n f i rm e d  by s e l e c t i v e  p r o to n

1 3
d e c o u p l i n g  o f  t h e  1—H from t h e  C-1 in  -the ■ C—s p e c t r a  of  d i e n e s  101 

and 102.  The a s s i g n m e n t s  o f  t h e  4 and 5 p r o t o n s  .were .made on th e

b a s i s  of  l ong  r a n g e  c o u p l i n g  c o n s t a n t s .  The 1-^ i s  c o u p le d  t o  one

of 4-H and 5-H ( J= 1 .6 H z)  and 2-H i s  c o u p le d  t o  t h e  o t h e r  o f  4-H and 

3“H ( J = 1 . 8 H z ) .  The f o u r  bond 1 , 5 — and 2 , 4 -  c o u p l i n g s  s h b u ld  be 

l a r g e r  t h a n  t h e  f i v e  bond 1 , 4 -  and 2, 5 - c o u p l i n g s  and the  4-H and 

5-H were a s s i g n e d  t o  r e f l e c t  t h i s .

I n  t h e  d i e n e s  1 0 0  and 1 0 1  t h e r e  i s  in  a d d i t i o n  a s m a l l

2 , 5 - c o u p l i n g  ( J = 0 .6 H z ) .  D e c oup l ing  e x p e r i m e n t s  were c a r r i e d  ou t  on 

d i e n e  101. The 1-H a b s o r p t i o n  a p p e a r e d  a s  a d o u b l e t  o f  d o u b l e t s  

(J=6.2Hz and 1 .8 H z ) .  The 2-H a b s o r p t i o n  a p p e a r e d  a s  a d o u b l e t  o f
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d o u b l e t  o f  d o u b l e t  ( J= 6 .2 H z ,  1 .8Hz ,  0 . 6 H z ) .  I r r a d i a t i o n  o f  1-H 

t ( 5 . 4 5  ppm) c a u se d  t h e  l a r g e  c o u p l i n g  i n  2-H t o  d i s a p p e a r ,  and t h e  

s m a l l e s t  c o u p l i n g  d i s a p p e a r e d  when t h e  5-H was i r r a d i a t e d  ( 6 .4 5  

ppm). The 5-H a b s o r p t i o n  i t s e l f  a p p e a r e d  as  a  d o u b l e t  o f  a d o u b l e t  

o f  a d o u b l e t  ( J= 10 .2H z ,  1 .8Hz ,  0 .6Hz)  which c o l l a p s e d  t o , a  d o u b l e t  

o f  a d o u b l e t  ( J=10.2Hz and 0 .6Hz)  when 1-H was i r r a d i a t e d .  The 4-H 

absorptJLpn a p p e a r e d  a s  a , d o u b l e t  o f  a d o u b l e t ,  (J=10a2Hz and 1 .8 H z ) .

, S i m i l a r  d e c o u p l i n g  e x p e r i m e n t s  were c a r r i e d  ou t  on d i e n e  100.  In 

d i e n e  102 th e  s i g n a l  due t o  2-H was s h i f t e d  u p f i e l d  (ô=4 .97ppm) and

t h e  f i v e  bond c o u p l i n g  be tw een  2-H and 5-H was a b s e n t .
13

The C - s p e c t r a  o f  t h e s e  d i e n e s  had two, peaks due to

' methy l  c a r b o n s  o f  which t h e  low f i e l d  s i g n a l  ( 6 ^ ^ 2 2 ppm) was tw i c e

th e  i n t e n s i t y  o f  t h e  o t h e r  ( 6  »19ppm).  In  t h e  s i n g l e  "frequency 
13

d e c o u p le d  C -spec t rum  o b t a i n e d  by i r r a d i a t i n g  t h e  p r o t o n s  on> the

a c e t y l  m ethy l  g roup  (6=1 .95ppm ) ,  t h e  low f i e l d  s i g n a l  ( ô^=22ppm)

a p p e a re d  a s  a q u a r t e t  whereas  t h e  h i g h  f i e l d  s i g n a l  became a

s i n g l e t .  T h i s  allowss^u's t o  a s s i g n  t h e  low f i e l d  s i g n a l , w i t h  h i g h e r

i n t e n s i t y  t o  t h e  c i n ^  m e th y l  and t h e  h i g h  f i e l d  s i g n a l  a s  t h e  a c e t y l

m e t h y l .  The s i g n a l  a t  C-2 was a s s i g n e d  on t h e  b a s i s  of  t h e

s u b s t i t u e n t  e f f e c t  o f  t h e  a d j a c e n t  3-X g r oup ;  i n  a l l  compounds t h i s

was e x p e c t e d  t o  move t h e  peak  t o  h i g h e r  f i e l d s  and . thus t h e  h i g h e s t  .

f i e l d  s i g n a l  o f  t h e  peaks  a t t r i b u t a b l e  t o  0 2 ,  0 4  and 0 5  was

a s s i g n e d  t o  C-2 .  The o b s e r v e d  t r e n d  i n  t h e  s h i f t s  o f  t h e  C-2 and
97

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

( t a b l e  2 , 6 ) .  The a s s i g n m e n t  o f  C-2 was t h u s  c on f i rm e d  and t h a t  o f  

C-4 and C-5 was made on t h e  b a s i s  o f  s i n g l e  f r e q u e n c y  d e c o u p l i n g  o f  

t h e  s p l i t t i n g  by t h e  p r o t o n s  a t t a c h e d  t o  each  ca rbon  i n  t h e  c a s e  o f  

d i e n e  102 and t h e  C-5 p r o t o n  i n  o t h e r  c a s e s .  As would be e x p e c t e d  

t h e  C-4 s i g n a l  i s  more a f f e c t e d  by t h e  a d j a c e n t  3-X s u b s t i t u e n t  (5^
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•122-.7 t o  1 2 7 ,8ppm) t h a n ,  i s  t h e  s i g n a l  o f  t h e  more rem ote  C-5 (
V* c

» * .  ‘

128 .4  t o  129.4ppm) and g e n e r a l l y  C-5 i s  a t  lower  f i e l d  t h a n  C-4 .

R e p o r te d  
» ,

1 O bserved

' C2 =Cj-X
f

X-C 3 =»C 2 %
' X Cl C, Cs '

-------f-------
Cz

H ■ 123.3 123 .3 - -

Br 115.5 1 2 2 . 0 1 2 2 . 6 1 2 2 . 0

•Cl . 126 .0 117.3 ' 133 .6 118.1

OMe 153.2 8 4 . P 155.2 * 8 7 .8

13
T a b le  2 . 6 :  Comparison o f  C -c h e m ica l  s h i f t s  o f  C-2 and C-3 o b s e r v e d

97
i'n d i e n e s  1 0 0 - ^ 1 0 2  w i t h  t h a t  r e p o r t e d  f o r  g o n o s u b s t i t u t e d  o l e f i n s .

The H-NMR .spectrum o f  103 was found t o  be t e m p e r a t u r e ^ d e p e n d e n t  

and th e  c he m ic a l  s h i f t  v a l u e s  f o r  f i v e  d i f f e r e n t  t e m p e r a t u r e s  a r e  

g i v e n  t a b l e  2 . 7 .  . . .  ~ - '  ■

■f .

A'
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V

1 .■
H - c h e m ica l

/
s h i f t s  0 f, d i e n e

,  I
103 J. ■

Temp CH3 OAc NHAc NH 1-H . 2-H 4-H 5-H

(°K) \ »
. * 

229 1.77 1 . 9 5 * '  2 .1 0 8 .3 2 ■5 .61 ' 6 .53 .G'O* .6.59 .
241 1,78 1 .95  2 .10 8 . 2 2 5.6% ■ *6.49 6 .0 9 6 .59

. 249 K 7 8 1 .9 5  .2.16 8 . 0 0  ' 5.62 6 .4 6 6 . 1 . 0 6; 59
■273 1 .78  ̂ 1 . 9 4 " ' '  2 .09 7 .5 0  . 5 .62 6 .4 3 6 . 1 1 6.58
298' 1.78. 1 .9 6  -2.11 V . broad 5.62 6.33 6 . f 3 6.58 .

V,

1 é /
Table  . 2 . 7 :  T e m p era tu re  Dependence o f  H-NMR c h e m i c a l  s h i f t s  of

d i e n e  ,103 ■

The d a t a  i n  t a b l e  2 .7  i n d i c a t e  t h a t  w i t h i n  an e x p e r i m e n t a l  e r r o r  of  

iO.Olppm t h e  m ^jo r  v a r i a t i o n s  o f  c h e m i c a l  s h i r t  a r e  t h o s e  due to  2-H 

( 6^229 -298  0-2ppm) ,  (A6i2g_298 0 '05ppm) a lo n g  w i th  t h e  N-H

^ ( ^ ^ 2 2 9 - 2 7 3  ~ 0 .82ppm ) .  The p l o t s  o i  change  i n  cheraiCat  s h i f t  w i t h

t e m p e r a t u r e  a r e ' g i v e n  i n  f i g u r e  2 .4  ^ o r  2-H and 4-H.
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240 260 290

. '  . T e m p - (K ) — >  ' ;
^ F i g u r e  2 . 4 :  P l o t  o f  Change i n  p h e m l c a l , S h i f t  (2-H and 4-H) w i t h

f Te m pera tu re  I tv .Diene 103 .
/

In  amides  I t  I s  known t h a t  t h e  C-N bond has  p a r t i a l  

doub le  bond c h a r a c t e r , o w i n g  t o  p a r t i c i p a t i o n ' o f  t h e  r e s o n a n c e  

s t r u c t u r e s  129 (Scheme 2 . 1 0 ) .

/

I29A 129B

Scheme 2 .1 0  *

R o t a t i o n  ab o u t  t h e  c a r b o n y l  n i t r o g e n  bond I s  h i n d e r e d  as  a

c o n s eq u e n c e .  In m o n o s u b s t i t u t e d  amides t h e  r o t a m e r s  have d i f f e r e n t

energy  c o n t e n t s  and  p a r t i c i p a t e  u n e q u a l l y  i n  t h e  t h e r m a l
98

e q u i l i b r i u m .  I t  has  b e e n ' e s t a b l l s h e d  f o r \ N - a l k y l  compounds t h a t  

the- p redom inan t  p l a n a r  r o t a m e r  I s  t h e  one  w i t h  t h e  a l k y l  g r o u p s  (on
y Ci.O i

N and on t h e  C=0 g roup)  a n t i  t o g e t h e r  a s  i n  129C (Scheme 2 . 1 1 ) .
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R'

129C
 ̂ r > 

Scheme 2.11

R R

y  '  
/  \

129D
'  I

In  t h e  c a s e  of  d i e n e  103 such  a geom et ry  g i v e s  r i s e  to  two p o s s i b l e  

l i m i t i n g  s t r u c t u r e s  103E and 103F (Scheme 2 . 1 2 ) ,  due t o  r o t a t i o n  

abou t  t h e  Cg-N bond .

H
M e

103E 103F

Scheme 2 .1 2

In 103E the  2-H and in  103F th e  4-H l i e  in  t h e  

d e s h i e l d i n g  zone o f  t h e  c a r b o n y l  g r o u p .  The c h e m ic a l  s h i f t # o f  t h e s e  

p r o to n s  t h u s  v a r y  w i t h  t h e  r e l a t i v e  o r i e n t a t i o n  of  the  c a r b o n y l  

g ro u p ,  and t h e i r  V a l u e s  a t  a p a r t i c u l a r  t e m p e r a t u r e  w i l l  be 

d e t e r m i n e d  by t h e  w e ig h te d  a v e r a g e  o f  each  ro ta m e r  p o p u l a t i o n  i n  t h e  

e q u i l i b r i u m .  From t a b i e  2 . /  i t  can  be s e e n  t h a t  t h e  s i g n a l  due t o

2-H s h i f t s  u p f i e l d  and t h a t  due t o  4-H d o w n f i e l d  w i th  i n c r e a s e  i n
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t e m p e r a t u r e .  T h i s  s u g g e s t s  t h a t  s t r u c t u r e  1G3F i s  f a v o r e d  w i t h
' '

i n c r e a s e  i n  t e m p e r a t u r e ,  and s t r u c t u r e  103E i s  t ;her mo dynamic a l l y  

f a v o r e d  o v è r  103F.  ' '  , ' '  .

2 . 2 . 2 :  N i t r a t i o n  o f  4 - M e t h y l a n i s y l  D e r i v a t i v e s ’:

2 - C h l o r o - 4 - m e t h y l a n i s o l e  (115)  was n i t r a t e d  ,a t  - 4 0 ° C ,  and the
1  ̂ ^
H’-NMR spe c t rum  o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  *of

49% ( Z ) - 4 - c h l o r o - 3 - m e t h o x y - C - m e t h y l - 6 - n i t r o c y c l o h e x a - 2 , 4 - d l e n y l
. it

a c e t a t e  ( 1 3 0 ) ,  18% 2 - c h l o r o - 4 - m e t h y l —4 - n i t r o c y c l o h e x a - 2 , 5^-dlçnone
► ■ I

(134)  and 33% 2 - c h l o r o - 4 - m è t h y l - 6 - n i t r o à n i s o l e  ( 1 3 6 ) .  The d i e n o n e

would most  l i k e l y  be formed by a d d i t i o n  of  a c e t a t e  ( a s  a c e t i c  a c i d )
* Me't o  t h e  4 - p o s i t i o n  of  f o l l o w e d  by l o s s  o f  e l e m e n t s  o f  m e thy l  

a c e t a t e ,  a s  shown i n  p a t h  a o f  Scheme 2 . 1 3 :
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A f t e r  low t e m p e r a t u r e  work u p ,  t h e  d i e n e  130 s e p a r a t e d  ou t  a s a s o l i d

d u r i n g  e v a p o r a t i o n  o f  t h e  s o l v e n t .  The H-NMR sp e c t ru m  o f  t h e

re m a in in g  m ix t u r e  i n d i c a t e d  t h e  •presence o f  10.5% s t a r t i n g  a n i s o l e

115,  56.5% n i t r o a n i s o l e  136,  22.5% 2 - c h l o r o - 4 - m e t h y l - 6 - n i t r o p h e n o l

137 and 5.5% 2 - c h l o r o - 4 r 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  d i m e t h y l

k e t a l  135. The n i t r o  c r e s o l  137 was a p p a r e n t l y  formed d u r i n g  work

up from d e c o m p o s i t i o n  o f  t h e  d i e n o n e .  P a r t  o f  t h e  s t a r t i n g  a n i s o l e

r e c o v e r e d  c o u ld  have ,  been  formed from t h e  d e c o m p o s i t i o n  o f  t h e  d i e n e
1

130 .  The d i m e t h y l  k e t a l  135 was i d e n t i f i e d  by a co m p a r i so n  ( H-NMR) 

w i t h  t h e  pure  sample o b t a i n e d  d u r i n g  r e a c t i o n s  o f  t h e  d i e n e  130 .
Mp

I t s  f o r m a t i o n  p resum ably  invo-i-Ved t h e  c a p t u r e  o f  W ^ 131 by m e th a n o l  

l i b e r a t e d  on t h e  f o r m a t i o n  o f  134,  a s  shown i n  p a t h f b  scheme 2 . 1 3 .  

Dienone 134 was i d e n t i f i e d  by com p a r i s o n  w i t h i p u r e

1/
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sample  p r e p a r e d  by t h e  n i t r a t i o n  of  2 - c h l o r o - p - c r e s o l  119 a t  -4 5 °C ,  

w i t h  a c e t y l  n i t r a t e . -  I n  t h e  r e a c t i o n  m i x t u r e  4 2 ^ d i e n o n e  134 and

58% n i t r o c r e s o l  137 were p r e s e n t .  ' Dur ing  work up w i t h  ammoniugn/ 

h y d r o x i d e  >the n i t r o c r e s o l  137 was p a r t i a l l y  e x t r a c t e d  i n t o  t h e  - 

aqueous  l a y e ' ^ ^ n d  t h e  d i e n o n e  134 was e n r i c h e d  ( 8 8 %). The r e m a in i n g  

c r e s o l  137 was removed by'  f i r lF t^ t i o n ^  th ro u g h  b a s i c  a lu m in a  a t  C

and t h e  pu re  d i en o n e  134 was o b t a i n e d  by removal^'^-f ^oAvent  a t  

-50°G .  *The d i e n o n e  134 d e c o tn ^ b ^ d  t o  c r e s o l  j,37 a t  am b ien t
a.

t e m p e r a t u r e  ( h a l f  l i f e  = 280 s e c ) ,  i f c h l o r o f o r m - d .  S i m i l a r
'  ‘ i ' '

d e c o m p o s i t i o n  o c c u r r e d  a t  0 C ( h a l f  l i f e  = 20 m i n ) . ' *'

A t t e m p ts  t o  o b t a i n  i p s o  . a d d u c t s  from t h e  n i t r a t i o n  of
»

3 - c h l o r o - 4 - m e t h y l a n i s o l e  117 f a i l e d .  N i t r a t i o n  a t  t e m p e r a t u r e s

r a n g i n g  from jbO*C t o  - 4 0 ° C w i t h  v a r y i n g  m ola r  p r o p o r t i o n s  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  gave  m i x t u r e s  c o n t a i n i n g
^ . / '  ^

3 - c h l o r o - 4 - m e t h y l - 2 7 n i t r o  a n i s o l e ^ ( 1 3 8 ) ,  ^

5 - c h l o r o - 4 - m e t h y l - 2 —n i t r o a n i s o l e  (139)  and

3 - c h l o r o - 4 - m e t h y l - 4 - n i t r o c y c l o h e % a - 2 , 5 - d i e n o n e  (140) The d i e n o n e

140 was p r e p a r e d  by n i t r a t i n g  3 - c h l o r o - p - c r e s o l  (120)  i'n

c h l o r o f o r m - d  a t  -60°C .  The m i x t u r e  c o n t a i n i n g  22% d i e n o n e  140, 25%,

3 - c h l o r o - 2 - n i t r o - p - c r e s o l  (141)  a nd  53% 5 - c h l o r o - 2 - n i t r o - p - c r e s o l

(142)  was s e p a r a t e d  by c h ro m a to g ra p h y  on An a lu m in a  column a t  - 7 8  C

t o  y i e l d  pu re  d i e n o n e .  The n i t r o c r e s o l s  141 and 142 were e x t r a c t e d

from aluminA and t h e n  s e p a r a t e d  by c h ro m a to g ra p h y  on a s i l i c a

column.  No a t t e m p t s  were made t o  i s o l a t e  t h e  n i t r o a n i s o l e s  138 and 
Hcse ’ - 1  ,

'139  b u t^w e re  é a s i l ÿ  i d e n i t i f i a B l e  lnT . the  H-NMR s p e c t r u m  o f  t h e

r e a c t i o n  m i x t u r e .  When a s o l u t i o n - o f  d i e n o n e  140 i n  c h l o r o f o r m - d
^  ~  Vwas warmed t o  0 C, an e q u im o la r  m i x t u r e  o f  j p r e s o l s  141 and 142 was 

o b t a i n e d  ( h a l f  l i f e  = 1 0 ,r a in ) .  »

The 3 - c h l o r o - p - c r e s o l  (120)  was p r e p a r e d  by d i e n o n e
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^ ^ . 4  ' ' 53.*  ^  ^  d , ^   ̂ ^
pheno l  r e a E r a n g e m e n p  o f  4 - c h l o r o - 4 - anë thy^cyc lohexa 7 2 , . 5 - d i e n o n a  (143)  

-  .. / "  -  - '  . V
o b ta in e d ,  by i p S 6 - c h l o r l n a t i o n  o f  p - c r e s o l .  The mechanism

-V ^ invo lved i n  t h i s  r e a r r a n g e m e n t  i s^ shown i n  scheme 2 . 1 4 .

Cl Cl

AI 1
An H

1 1 V 1 • 1 V
0 OH

143 144

H

'"Cl

■0H

145

Scheme 2 .14 , .Ref 99

- H

. " ' O H  '

146

A m i x t u r e  o f  43% 2 - b r o m o - 4 - m e t h y l - 6 - n i t r o a n i s o l e  ( 1 4 7 ) ,,
3Q% ( Z ) - 4 - b r o m o - 3 - m e t h o x y - 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  146 and 27% 2 - b r o m o - 4 - m e t h y l - 4 - n i t r o c y c l o h e % a ^ 2 , 5 - d i e n p n e

(148)  was o b t a i n e d  i n  t h é  n i t r a t i o n  of  2 - b r o m 0 7 4 - m e t h y l a n i s o l e  (114')
' '

w i th  a c e t y l  n i t r a t e  a t  -4U“C. The d i e n o n e  decomposed d u r i n g  t h e  Tow 

t e m p e r a t u r e  work up w i t h  ammonium h y d r o x id e  and t h e  r e s a l t a n t
I," .  ^

2 - b r o m o - 6 - r i f t r o - p - c r e s o l  (149)  p a r t i a l l y  removed d u r i n g  e x t r a c t i o n .  

The H-NMR s pec t rum  of  t h e  m i x t u r e  a f t ^ r  up i n d i c a t e d  t h e

c o m p o s i t i o n  a s  47% a n i s o l e  147,  38%* d i e n e  *146 and J.6 % n i t r o c r e s o l  

149.  P u r e  d i e n e  14'6 was o b ta ine d / -by  c r y s t a l l i z a t i o n ^  No a t t e m p t s  

were made to  o b t a i n  pu re  d i e n o n e  148 bu t  i t  was e a s i l y  i d e n t i f i e d  by 

com par i son  w i t h  t h e  c h l o r o  a n a l o g  d i e n o n e  140.  The n i t r o - . c r e s o l

149 was p r e p a r e d  s e p a r a t e l y  by, n i t r a t i n g  2 - b r o m o - p - c r é s o l  150 and*■ s'
. . / 4 |

m e t h y l a t e d  t o  y i e l d  a n i s o l e  147. Both 147 and 149 were p u r i f i e d  by
n  1 ,  »

c r y s t a l l i z a t i o n  and t h e i r  H'-NMR s p e c t r a  were found to  be i d e n t i c a l
A)

to t h e  s p e c t r a  f o r  each  compound i n  t h e  n i t r a t i n g  r e â c t i o n  m i x t u r e s  

D ur ing  s t a n d a r d i s a t i o n  o f  t h e  r e a c t i o n  c o n d i t i o n s  f o r  t h e
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/  n i t r a t i o n , o f  4 - m e t h y l - 2 - n i t r o a n i s ’o i e  ( H o )  f t  was f 6 und tljiat twb v

d i e n e s  were formed c o n s i s t e n t l y  i n  s u b s t a n t i a l  y i e l d s .  Ii i  t h e
' ' '  ' ' '  '  ' .  '

p r e s e n c e  o f  ' t r i f l u o f o a c e t i d  a n h y d r i d e ,  minor  amounts  o f  two o t h e r

n o n - a r o m a t i c  compounds were d e t e c t e d .  The n i t i r a t i o n  was c a r r i e d  ou t
.  ■ . '

I '  '  , '  ■ • -  '  ,
on lar^ger  s c a l e  b o t h  w i t h  a n d - w i t h o u t  added t r i f l u o r o a c e t i c  '/ ' » f '

,  '  '  * < -  1 '  ■

a n h y d r i d e .  The H-NMR s p ë c t ru m  o f  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 i n g  <
. I - '

TFA i n d i c a t e d  t h e  p r e s e n c e  o f  53% ( Z ) - 3 - m e th o x y - 6 - jn e t h y L - 2 ,6 '
I -

- d i n i t r o c y c l o h e x a - 2 , 4 - r d i e n y l  a c e t a t e  (151) , -  5 % of i t s  

( E ) - d l a s t e r e q m e r  ( 1 5 2 ) , 5 % , o f . a n o t h e r  n o n - a r o m a t i c  compound ( 1 5 3 ) ,

, 25% o f  ( Z ) - 3 - m e t h o x y ^ 6 - m e t h y l - 4 , 6 - d i n i t r d c y c l 6 h e x a - 2 , 4 - d i e n y l  

a c e , t a t e  (154)  and 12% 4 - m e t h y l - 2 , 6 - d i n i t r o ' a n i s o T e  , ( 1 5 5 ) .

The 'minor  components  were i s o l a t e d  When t h e  r e â c t i b n  was

done i n  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 .  These compounds were
■'' ' , ■

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

151,  . t h e  major  component ,  and a l s o  due t o  some d e c o m p o s i t i o n  of  

151 d u r i n g  work up w i t h  sodium b i c a r b o n a t e  a t  0°C.  C a r e f u l  

t r i t u r a t i o n  w i t h  e t h è r  o f  t h e  r e s i d u e  o b t a i n e d  a f t e r  work up gave a 

m i x t u r e  o f  t h e  d i e n e s  151 and 152 as  t h e  r e s i d u e .  By f r a c t i o n a l  

c r y s t a l i z a t i o n  o f  t h i s  r e s i d u e  d i e n e  151 was i s o l a t e d .  From t h e  

e t h e r  e x t r a c t  d i e n e  151 was s e p a r a t e d  by c r y s t a l l i z a t i o n .  The

components  i n  t h e  m o the r  l i q u o r  from r e c r y s t a l U z a t i b n  of  151 were
■*

s e p a r a t e d  by column c h ro m a to g r a p h y .  The component  153 was o b t a i n e d

i n  the  10% e t h e r  -  90% p e t r o l e u m  e t h e r  f r a c t i o n .  The 30% e t h e r  -
r . •'

‘ 70% p e t r o l e u m  e t h e r  f r a c t i o n  c o n t a i n e d  d i e n e  154 a lo n g  w i t h  some

4 - m e t h y l - 2 , 6 - d i n i t r o a n i s o l e  (155)  from which d i e n e  154 was s e p a r a t e d  

by c r y s t a l l i z a t i o n .  The l a t e r  f r a c t i o n s  c o n t a i n e d  a n o t h e r  compound 

156,  which^was n o t  p r e s e n t  i n  t h e  o r i g i n a l  m i x t u r e .  Th i s  compound 

was i d e n t i f i e d  a s  4 - 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 o n e  d i m e th y l

/
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k e t a l  (156)  by com p a r i s o n  w i t h  an  a u t h e n t i c  sample  whose p r e p a r a t i o n

i s  d e s c r i b e d  i n  c h a p t e r  V.

The m ajo r  components ,  d i e n e s  151 and 15A. were i s o l a t e d  '
>

w i t h o u t  d i f f i c u l t y  f rom t h e  m i x t u r e  o b t a i n e d  from t h e  n i t r a t i o n  

c a r r i e d  o u t ,  i n  t h e  a b s e n c e  o f  t r i f l u o r o a c e t i c  a n h y d r i d e  a t  0°C.

Compounds 15^ and 153 were n o t  found u n d e r  t h e s e  c o n d i t i o n s .  D iene
-  '

151 was p r e c i p i t a t e d  by po.uring t h e  r e a c t i o n  m i x t u r e  i n t o  c o l d  e t h e r
' '

( - 7 8 * 0 ) .  A f t e r  n e u t r a l i z a t i o n  of  t h e  f i l t r a t e  w i t h  ammonium
i

h y d r o x i d e  s o l u t i o n  t h e  o r g a n i c  l a y e r ' w a s  e n r i c h e d  w i t h  d i e n e  (154 ,  

75%) a n d ' f r o m  which t h e  l i e n e  r e a d i l y  c r y s t a l l i z e d .  The aqueous  

e x t r a c t  was e n r i c h e d  i n  a n i s o l e  155.  The s o l u b i l i t y  d i f f e r e n c e  t h u s  

a l low ed  t h e  deve lopm en t  o f  an e a sy  s e p a r a t i o n  method.  The s c h e m a t i c  

r e p r e s e n t a t i o n  o f  t h e  s e p a r a t i o n  p r o c e d u r e  i s  g iv e n  i n  sc..heme 2 .15

Reaction mixture

poured i n t o  c o l d  e t h e r

Pu re  151

Aqueous layer
■ 154 : 155 =1:3

crystals
P u r e  154 c r y s t a l l i z a t i o n

Filtrate
_ r —  

n e u t r a l i z e d

r
organic layer

154 : 155 =3:1

Scheme 2 .15

A d d i t i o n  o f  4 - m e t h y l - 3 - n i t r o a n i s o l e  (118)  t o  n i t r a t i n g  s o l u t i o n s
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i n v a r i a b l y  produced  h e t e r o g e n e o u s  m i x t u r e s .  I t  was d i f f i c u l t  t o
1

o b t a i n  homogeneous H-NMR sam ples  even a f t e r  d i l u t i n g  w i th  

a c e t i c a n h y d r i d e .  The major  compounds i n  t h e  r e a c t i o n  m i x t u r e  were

4 - m e t h y l - 2 ; 3 - d i n i t r o a n i s o l e  (157)  and 4 - m e t h y l - 2 , 5 - d i n i t r o a n i s o l e  

( 1 5 8 ) .  However,  t h e r e  was a min or  amount o f  a n o n - a r o m a t i c  compound 

159 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 .  T h i s  compound c o u l d  n o t  be 

d e t e c t e d  a f t e r  low t e m p e r a t u r e  work up w i t h  ammonium h y d r o x i d e .

When t h e  r e a c t i o n  m i x t u r e  was f i l t e r e d  a t  -78°C p r i o r  to  

n e u t r a l i z a t i o n  i t  was found t h a t '  s o l i d  m a t e r i a l  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  was composed o f  a r o m a t i c s  157 and 158.  A s m a l l  

amount of  compound 159 was p r e s e n t  i n  t h e  f i l t r a t e .  A f t e r  low 

t e m p e r a t u r e  work up on ly  t r a c e s  o f  3 , 4 - d i n i t r o - 4 - m e t h y l c y c l o h ^ a  

- 2 , 5 - d i e n o n e  (160)  were d e t e c t e d  i n  t h e  H-NMR spe c t rum .  The 

n o n - a r o m a t i c  compound 159 was a s s i g n e d  a s  ( Z ) - 5 , 6 - d i n i t r o - 3 - m e t h o x y  

- 6 - m e t h y l c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  from t h e  H-NMR sp e c t ru m  o f
Ï- '

t h e  compound i n  t h e  r e a c t i o n  m i x t u r e .  Dienone 160 was c h a r a c t e r i z e d
1 ' • • ' . 5. ,

by c om pa r i son  of  t h e  H-NMR sp e c t ru m  w i t h  t h a t  r e p b r t e d  by I y e r

from t h e  n i t r a t i o n  of  3 - n i t r o - p - c r e s o ' l  ( 1 6 1 ) .  ^

Diene 130 o b t a i n e d  from t h e  n i t r a t i o n o f  a n i s o l e  115 had
. •  '  ‘ - 1  

c h a r a c t e r i s t i c  peaks  i n  t h e  IR sp e c t ru m  due to  n i t r o  (1540 cm ) and
— 1 ' 

a c e t a t e  (1735 cm ' ) g roups  and Had a n  e l e m e n t a l  a n a l y s i s

c o r r e s p o n d i n g  to  t h e  e m p i r i c a l  fo rm u la  o f  t h e  a d d u c t .  The c l o s e
, ,  .  * 1 13.

s i m i l a r i t y  be tween  t h e  NMR s p e c t r a  ( b o t h  H and C) of  102 and 130

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

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

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

s t r u c t u r e  t o  t h e  new compound. I n  p a r t i c u l a r  t h e  71 .2  ppm peak  in
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' 1 3 '  3
t h e  C spec t rum  c h a r a c t e r i s t i c  o f  t h e  sp r i n g  c a rb o n  (CMeN0 2 ) i s

' JÏ
w i t h i n  0 .5  ppm of  t h e  s i m i l a r  peak  i n  102. The h igh  f i e l d  v i n y l

^  t

c a rb o n  ( 6 ^ 91 .1  ppm) has  an a t t a c h e d  h yd rogen  and must be a d j a c e n t

^to t h e  m ethoxyl  s u b s t i t u t e d  c a r b o n  ( 6 ^ 152 .4  ppm). The c h l o r i n e

s u b s t i t u e n t  must be a t t a c h e d  t o  t h e  c a r b o n  a t  127.6 ppm, s i n c e  t h e

c a rb o n  shows no s t r o n g  c o u p l i n g  to  hydrogen  i n  t h e  g a t e d  s p e c t r u m .

I n , t h e  p r o t o n  s p e c t r u m  t h e  m e t h in e  hydrogen  i s  a t  t h e  c o n s i s t e n t

p o s i t i o n  o f  5 .6  ppm. The v i n y l  hydrogen  a d j a c e n t  t o  t h e  methoxy

s u b s t i t u e n t  i s  a t  h ig h  f i e l d  ( 5 . 1 2  ppm in  130 c . f .  4 .97  ppm i n  102)

and shows t h e  e x p e c t e d  6 .5  Hz s p l i t t i n g  w i t h  t h e  m e th in e  p r o t o n  and

t h e  c h l o r i n e  must, be a t t a c h e d  t o  t h e  4 ,5 ^ d o u b l e  bond s in c e ,  t h e  10 Hz

s p l i t t i n g  p r e s e n t  i n  102 i s  a b s e n t  i n  130.  The 1.85Hz s p l i t t i n g  i n

t h e  m eth ine  p r o t o n  must r e f l e c t  a 1 , 5 - c o u p l i n g  and t h i s  c o n f i r m s

t h a t  c h l o r i n e  i s  'a t  t h e  4 - p o s i t i o n .  P a r a l l e l  a rgum en ts  can be made

to  a s s i g n  the  4 - b r o m o - 3 - r a e t h o x y - 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  s t r u c t u r e  (146)  t o  t h e  d i e n e  o b t a i n e d  on n i t r a t i o n  of-

2 - b r o m o - 4 - m e t h y l a n i s o l e  ( 1 1 4 ) . '

The d i e n o n e  134 .obse rved  i n  t h e  r e a c t i o n  m i x t u r e  of  t h e

2 - c h l o r . o - 4 - m e t h y l a n i s o l e  (115)  and l a t e r  on o b t a i n e d  by n i t r a t i o n  o f

.‘t h e  c o r r e s p o n d i n g  c r e s o l '137 was c h a r a c t e r i s e d  on b a s i s  of  t h e  
1 13 1
H-HMR and C-NMR s p e c t r a .  In  t h e  H-NMR ,apect rum t h e r e  was a 

s i n g l e  m ethy l  r e s o n a n c e  ( 6  = 2 .04  ppm) and t h r e e  w e l l  s e p a r a t e d  

s i g n a l s  i n  t h e  l o w ' f i e l d  v i n y l i c  r e g i o n .  The lowest^ f i e l d - s i g n a l ,

( d , ' 6  = 7 .34  ppm, 2 .8  Hz) was a s s i g n e d  t o  3-H and t h e  

m u l t i p l i c i t y  c o u ld  be e x p l a i n e d  by a f o u r  bond" c o u p l i n g  w i t h  5-H.;

The l a t t e r  .p roton  a p p e a r e d  a s  a d o u b l e t  o f - a  doub le t*  ( J  = 10 .1  and 

i . 8  Hz) and t h e  l a r g e r  'c o u p l in g  C o n s t a n t  was d u t  to  c o u p l i n g  w i t h '
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6 -H ( 6  = 6 .52  ppm). The C -spec t rum  i n d i c a t e d  t h e  p r e s e n c e  o f  a

c a r b o n y l  g roup  and a g r e e d  w i t h  t h e  p roposed  s t r u c t u r e .  A s i m i l a r

d i e n o n e  148 was o b s e r v e d  by  H-NMR of  t b e  r e a c t i o n  m i x t u r e  o b t a i n e d
1

i n  t h e  n i t r a t i o n  of  2 - b r o m o - 4 - m e t h y l a n i s o l e  ( 1 1 4 ) .  I t s  H-NMR

s pe c t rum  a l s o  a g re e d  w e l l  w i t h  t h e  p roposed  s t r u c t u r e .

The d i e n o n s  140 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  o f  t h e

3 - c h l o r o - 4 - m e t h y l a n i s o l e  (117)  and l a t e r  on o b t a i n e d  by t h e

n i t r a t i o n  of  t h e  c o r r e s p o n d i n g  c r e s o l  1 2 0  had s p e c t r a  v e r y  s i m i l a r
■ I

t o  d i en o n e  134. In  t h e  H-NMR s pec t rum  t h e  s p l i t t i n g  p a t t e r n  was
1

a lm os t  i d e n t i c a l  and t h e  changeb  i n  t h e  c h e m i c a l  s h i f t s  of  b o t h  H 
13

and 'C  s p e c t r a  c o u ld  be e a s i l y  e x p l a i n e d  by c o n s i d e r i n g  t h è

i n t e r c h a n g e  i n  t h e  p o s i t i o n  o f  c h l o r i n e  s u b s t i t u e n t  from C-2 i n

d i e n o n e  134 t o  C-3 i n  d i e n o n e  140.

The m o l e c u l a r  f o r m u l a  o f  t h e  two m ajo r  d i e n e s  151 and

154 and th e  minor  d i e n e  152 o b t a i n e d  from a n i s o l e  116 wa^ found t o

be CJQHJ2 N2 O7 , which c o u ld  be a c c o u n t e d  f o r  by t h e  a d d i t i o n  o f  one

a c e t y l  n i t r a t e  m o le c u le  t o  t h e  s t a r t i n g  a n i s o l e  116.  ̂ The IR s j>ec tra

of  t h e s e  d i e n e s  c o n f i r m e d  t h e  p r e s e n c e  of  a c e t a t e  and n i t r o  g r o u p s .
1 13

The H-NMR and C-NMR s p e c t r a  of  d i e n e  154 were ve ry  s i m i l a r  to  

th o se  of ‘d i e n e s  130 and 146 and had an e s s e n t i a l l y  i d e n t i c a l  

s p l i t t i n g  p a t t e r n .  The a s s i g n e d  s t r u c t u r e  i n  which t h e  4 - h a l o

s u b s t i t u e n t  i s  r e p l a c e d  by n i t r o  t h u s  a c c o u n t s  f o r  t h e  s t r u c t u r e .
13

The l a r g e s t  d i f f e r e n c e  i n  t h e  C-NMR s p e c t r a  of  130 and 154 i s  18

ppm dow n f i e ld  s h i f t  o f  C - 4 • Th i s  i s  a c c o u n te d  f o r  by t h e  g r e a t e r

s u b s t i t u e n t  s h i f t  e f f e c t  o f  t h e  n i t r o  ( a t t a c h e d  to  0 - 4 )  t h a n
1

c h l o r i n e .  In  t h e  H-NMR s p e c t r a , t h e  5-H i s  0 . 6  ppm f u r t h e r '  

d ow n f i e ld  i n  154 t h a n  i n  130 and t h i s  i s  e x p l a i n e d  by t h e  

g - s u b s t i t u e n t  e f f e c t  of  t h e  n i t r o  g roup  a t t a c h e d  a t  t h e  o t h e r  end o f



, '  . 5 9 . ' ,
■

-the 4 , 5 - d o u b l e  bond .  '  '

Thé e l e m e n t a l  a n a l y s i s  d a t a  of  d i e n e  151 i n d i c a t e d  , that
13

i t  i s  ’an i somer  o f  154 and t h e  g e n e r a l  s i m i l a r i t y  of« t h e   ̂ C-“NMR •
’ , '

s p e c t r a  of  the  two compounds s u g g e s t s  t h a t  t h e s e  a r e  s t r u c t u r a l l y  

c l o s e l y  r e l a t e d .  The r ibs t  s t r i k i n g  d i f f e r e n c e  be tw een  t h e  s p e c t r é  

' i s ' t h a t  t h e  ve ry  h i g h  f i e l d  ^vinyl  c a rb o n  a b s o r p t i o n  which a p p e a r s  

c l o s e  t o  90 ppm i n  102 and i t s  4 - c h l q r o ,  4-bromo and 4 - r i i t r o  

d e r i v a t i v e s  130,  146 ,  and 154 r e s p e c t i v e l y ^ i s  a b s e n t  i h  151 f o r  

which t h e  h i g h e s t  f i e l d  sp2 c a rb o n  i s  a t  117 ppd.  T h i s  s u g g e s t s

t h a t  t h e  n i t r o  g roup  in  151 i s  a t  C-2 and t h i s  i s  r e - a f f i r m e d  by. t h e
1 . '   ̂
H-NMR s p e c t r a  which  showed t h e  10 Hz s p l i t t i n g  o f  a d j a c e n t  v i n y l

^ I » . I '

p r o t o n s ,  a l s o  p r e s e n t  i n  102 bu t  no t  p r e s e n t  i n  t h e  4 . s u b s t i t u t e d

d e r i v a t i v e s  130, 146,  and 154.  T h i s  i n d i c a t e d  t h a t ' t h e r e  a r e  no ,

s u b s t i t u e n t s  on C-4 and C-5 in  151 and henc ,e> that  t h é  l o c a t i o n  of
o

t h e  n i t r o  g roup  i s  a t  C-2.  F u r t h e r  c o n f i r m a t i o n  i s  p r o v i d e d  by th e  

d o w n f i e ld  s h i f t  o f  t h e  m e t h in e  p r o t o n  on thq  a d j a c e n t  c a rb o n  atom . 

^ In  t h e  s e r i e s  of  compounds in  which C-2 i s  n o f , s u b s t i t u t e d  , t h i s '  

p r o to n  i s  c o n s i s t e n t l y  c l o s e  t o  5 .6  ppm.' Thus 151 l%as t h e

3 - m e t h o x y - 6 - m e t h y l - 2 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 - ( f i e n y l  a c e t a t e
«

s t r u c t u r e .  The r i n g  p r o t o n s  of  151 a r e  r e a d i l y  a s s i g n e d  s i n c e  t h e

10 Hz c o u p l i n g  i d e n t i f i e s  t h e  4 , 5 - v i n y l i ‘c p a i r  and t h e  2 Hz
.  '  ' -  '  13 '

s p l i t t i n g  p r e s e n t r  i n  1-H i s  a l s o  p r e s ë n t  i n  5-H. In  t h e  QrNMR

s p e c t r u m  C-1 ( 6 ç 70 .4  ppm), C - 3 155. 9 ppm) -and C- 6  ( 6 ^ 88 .9  ppm)

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

a p p r o p r i a t e  f o r  t h e i r  s u b s t i t u t i o n  p a t t e r n s :  The C-2 s i g n a l  ( 6 ^

123.7 ppm) i s  r e a d i l y  i d e n t i f i e d  as  t h e  r e m a i n i n g  s u b s t i t u t e d  v i n y l

c a r b o n .  The s i g n a l  o f  t h e  u n s u b s t i t u t e t j  v i n y l ' c a r b o n s  C-"4 (117 .2

ppm) and 0-5" (1 3 8 .3  ppm) a r e  a ss igned- -on  t h e  b a s i s  o f  . t h a t  t h e  C-5

13 *
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‘ . ' ' t * f • '  ̂ ■*
‘ carbQ’tv i s - d b w n f i è l d  . ( c . f .  100;  101 and 1 0 2 ) . /  F u r th e r m o r e  t h e  n i t r o

' y .  ' .  :  ' '  _ '  ' \  ,
group  c o n j u g a t e d  w^th^the* d i e d e ' s y s t e m - . r e s u l t s  a^ddi ' t lonai

d o w n f i e l d  " sh i f t  ' ( - 1 0  . .0 'p p m ) 'o f  G -5 ,  ' " _ , .
‘ f ' . I ' l  < 13 -

The t h i r d  d ie f te  152 had H and C'-NMR spect-ca which - •

' c o u l d  a l s o  "be' e x p l a i n e d  on t h e  ba&is o f " t h e  3 rm e thôxy -6^m ethy l -
% .  . . '

■“ 2 , 6 - d l n l t r o c ^ c l o h e x a - 2 , ' A - d i e n y l  a c e t a t e  s t r u c t u r e .  .The ' .  H- .and 
13 "  : . ' .  - -  ̂  ̂ i [ ' ' Î '

.. . C7 IJMR s p e c t r a  were  c l o s e l y  s i m i l a r  t o  151 4 pd ' i t  i d ^ é v l d e n t  t h a t  ••

.15-1-arid 152 a r e  d i a s t e ' r e p m ô r s .  Thé major  i som er  151 ( t h e  o n ly .

isomer  ob.Lai.ned i n  a c e t i c  a n h y d r i d e )  i s ,  a s s i g n e d  as  t h e  ^ Z ) - i s o m e r ^

The dle ’neë 130,  1 4 6 'a o d -1 5 4  we%e a l s p  a s s i g n e d  t*he ( Z ) - c o n f i g u r a ' t i ' o n -

on t h e  b a s i s  d f 'C h e  d e m o n s t r a t e d ,  c i s  a d d i t i o n - o f - a c e t y l  n i t r a t e  in '  ' 
/ '  " 
the  n ' i t r â t i ô ù . ' o f  4 - b ' rom o ' to lue nè ' ( 110 )  « The ( E ) - d i a s t e r e o m e r a  of  ..

' ' V; ' \  . . : - I ' . ' /  '
d i e n e s  1 0 0 , 1 0 1 ^ and 1 0 2  were o b t a i n e d ' a p d  c h a r a c t e r i z e d  d u r i n g  , t h e

the fm al  r e a c t i o n s .  '-The c h a n g e s  i n , t h e  NM R -spec tr a l  p r o p e r t i e s  w i th
'  '  ^  ,  '  "  '  '  '  '  '  '

change i n  s t e r e o c h e m i s t r y  in' t h e ' s e r i e s  . 1 0 0  "1 0 1 , ^ 0 2 , and l 5 l  are

c o n s i s t e n t  f o i  a l l  o f .  t h e s e  d i e n e s  Z' - . > ’

From t h e  m o l e c u l a r  fo rm ula  (C 1 jH’j'cNoOj j ) o f  . t h e  ■
'  '  ’  ,  .  .  -

n o n - a r o m a t i c  cbmpound 133 o b t a i n e d  "fqom t h e  a n i s o l e  116,  i t  i s ,

e v i d e n t  t h a t ' i t  wgs«formed by t h e  a d d i t i o n ,  o f  tw o  a c e t y l  n i t r a t e

m o le c u le s  t o ' t h e  s u b s t i t u t e d  a n i s o l e . * *  In  t h e  M  s p e c t r u m ‘t h e r e  were
' ' '  ' - _ 1  

two s t r o n g  a b s o r p t i o n s  (1790 and 1753 cm t ) due  t o . a c e t p t e ,  g r o u p s .
1 13 . ’ •»

TJie H and C-NMR s p e c t r a  a l s o  Indifcatecf  t'he p resence -  o f  t h e  two
t  *

a c e t a t e  g r o u p s .  .The p e a k s ^ a t  68 .0  and 8 7 .3  ppm have t h e ' s h i f t s  and 

p f o to n  c o u p l i n g s  a p p r o p r i a t e  t o  t h e '  r i n g  c a r b o n s  of t h e  CHOAc, anc) 

CMeNÛ2  g roups  r e s p e c t i v e l y  and a r e  so a s s i g n e d .  These must b^ t h e  

1-^ and 6 - c a r b o n  atpms ( f o l l o w i n g  t h e  e n u m e r a t i o n  of  1 0 2 ) .  The' 

s i n g l e  dou b le  -bond i s  s u b s t i t u t e d  a t  one end .  I t  c a n n o t  t e r m i n a t e' ; , I

i. V



'  '  , 6 1 .

a t  C-3 bec.ause t h e  c a rb o n  has  a m ethoxy l  s u b s t i t u e n t  which would " 

.^send t h e  a d j a c e n t  u p s u b s t i t u t e d  v i n y j . i c  c a rb o n  to  ve ry  h ig h  f i e l d  

(90, p&m) whelms t h e  v i n y l i c  c a r b o n  i s  a t  130 ppm. Thus t(ie d o u b le
a \

bohd mast  be be tw een  C-4 and C-5 and must  h a v e  the  o r i g i n a l  n i t r o  

s u b s t i t u e n t  aç C-.4, and frhe second m o le c u le  o f  a c e t y l  n i t r a t e  must

, have been added  a c r o s s  t h e  C-2,  C-3 p o s i t i o n s .  The c h e m ic a l  s h i f t
 ̂  ̂
o ^  C-2 ( 8 7 . 6  ppm) as  w e l l  a s . t h e  d i r e c t i n g  e f f e c t  of  m ethoxyl  on t h e

a d d i t i o n  o f  n i t r d n l u m  ion  i n d i c a t e s  t h a t  t h e  C—2 s u b s t i t u e n t  i s

n i t r o  and t h e  second  C-3 s ^ u b s t i t u e n t  i s  a c e t a t e . "  Thus t h e  compound

153 h a s  t h e  s t r u c t u r e  3 - a c e t o x y —3—m e t h o x y - 6 —m e t h y l - 2 , 4 , 6 -
'  1 

- t r i n i t r o c y c l o h e K — 4  e n y l  a c e t a t e .  The H-NMR i s  r e a d i l y

a s s i g n e d  as  i n d i c a t e d  i n  t n e  f i g u r e  2'.5 be low .  The 12.8 Hz c o u p l i n g

i d e n t i f i e s  t h ^  m e t h in e  p r o t o n s  an d  t h a t  a t t a c h e d  t o  t h e  same c a rb o n
.

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

X

(169 .1  o r  168 .9 )

, 2 .07  (2 0 .1  o r  2 0 . 9 )  

' 6 . 3 3  ( 6 8 . 0 )  -------------

5.7% (87.^6)

3^66 ( 5 3 . 4 )

CHaO OCOCM

1 . 88( 22. 2)

( 8 7 .3 )

6 .96  ( 1 3 0 .1 )  

( 1 4 8 , 5 ) '

( 9 5 . 1 )

2 . 2 1  ( 2 0 . 1  o r  2 0 . 9 ) 
'

(168.9 or 168 .1 )

I . I J  ̂ -
F i g u r e ' 2 . 5 ;  rf-NM^ end ( C-NMR) s p e c t r a l  a s s i g n m e n t  o f  compound 153,

, Compound *153i i s  formed from t h e  second  i n t e r m e d i a t e  

n i t r a t i o n  p r o d u o t  154 by a d d i t i o n  o f  n i t r o n i u m  ion  to  t h e  2 , 3 —d o u b l e  

b o n d , ' s t r o n & l y  a c t i v a t e d ' b y  t h e  3 -m e th o x y l  g ro u p  (^cTTeme 2 . 1 6 ) .  The ,
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.  '  ' t

p r e s e n c ë ' ' o f , t h e ' ' t r l - f l u o r o ‘a c e t i c  a n h y d r i d e  makes f o t  ^  more r e a c t i v e

n i t r a t i n g  m i x t u r e  and i n c r e a s e s  t h e  l i k e l i h o o d  of  t h i s  r e a c t i o n ;

NO;

+N02 N O /y ' NO?
OMe

154

- H

Scheme 2•16

OMe|]Ac'

153

The d i e n e  159 o b s e r v e d  i n  t h e  n i t r a t i o n  of

4 - m e t h y l - 3 - n i t r o a n i s o l e  (118)  was c h a r a c t e r i s e d  o n ^ b a s i s  of  i t s  

^H-NMR s p e c t r u m .  The c y c l o h e x a d i e n y l  c a t i o n  formed by a t t a c k  by 

n i t r o n i u m  io n  i p s o  t o  t h e  m e thy l  g roup  can l e a d  t o  t h r e e  ,

p o s s i b l e  r e g i o i s o m e r i c  a d d u c t s  159A, 159^ ,  and 159C^ i n  scheme 2 . 1 7 )

.N O ]
NOz

M e d  OAc
159A 159B

A c O

OMe

NO,

159C

Scheme 2 .1 7

S t r u c t u r e s  159A and 15&B have  a d j a c e n t  v i n y l i c  p r o t o n s  

and t h e i r  ^H-NMR spe c t rum  would e x h i b i t  a 10 Hz c o u p l i n g  which  i s  

n o t  p r e s e n t  i n  t h e  s p e c t r u m  o f  159.  Thus 159 has  t h e  s t r u c t u r e  

159C. The 6 .5  Hz c o u p l i n g  be tw een  p r o t o n s  a t  6  5 .32  and 5 . SB ppm 

i n d i c a t e s  t h a t  t h e s e  a r e  p r o t o n s  2 and 1 w i t h  t h e  5.32  ppm 

a s s i g n m e n t  b e i n g  c o n f i r m e d  a s  2-H by t h e  1 . 5  Hz, 2 , 4 - c o u p l i n g .  The
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1-H s i g n a l  i s  a t  t h e  5 .6  ppa p o s i t i o n ,  c h a r a c t e r i s t i c  o f  t h e  ^

e n v i r o n m e n t a l l y  I d e n t i c a l  ( t o  t h e  g - p o s l t i o n s )  1 - p r o t o n s  i n u d l e n e s  

100,  101,  102,  103, 130,  146,  and 154.  The 4-H i s  s h i f t e d  more 

d o w n f i e l d ,  a s  compared w i t h  t h e  4-H p r o t o n  o f  102  ̂ by t h e  v i n y l i c  

n i t r o  s u b s t i t u e n t .

2 . 2 . 3  R e a c t i v i t y  o f  t h e  A r o m a t i c s  N i t r a t e d :

o
N i t r a t T o n  of  4 - t - b u t y l t o l u e n e  ( 1 6 3 ) ,  4 - f l u o r o t o l u e n e  

(168)  and 4 - c y c l o p r o p y l - 2 - n i t r o a n i s o l e  (167)  a r e  o t h e r  r e c e n t  

r e a c t i o n s  i n  a d d i t i o n  t o  t h o s e  d e s c r i b e d  in  t a b l e  2 . 1  which l e d  t o  

t h e  f o r m a t i o n  o f  1 , 2 - a d d u c t s .  These  a r e  shown i n  schemes 2 . 1 8 ,  2 .19  

and 2 . 2 0 .
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The c o n d i t i o n s  d e s c r i b e ^  f o r  n i t r a t i o n  r e f l e c t  t h e  

r e l a t i v e  r e a c t i v i t y  o f  t h e  a r o m a t i c  compounds. A l o n g e r  r e a c t i o n  

t im e ,  a h i g h e r  m o l e - p r o p o r t i o n  o f  n i t r a t i n g  a g e n t ,  a h i g h e r  

t e m p e r a t u r e ,  and t h e  p r e s e n c e  of  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 r e  

r e q u i r e d  f o r  d e a c t i v a t e d  s u b s t r a t e s .  Based on t h e s e  f e a t u r e s ,  t h e  

s u b s t r a t e s  b e l o n g i n g  t o  t h e  4 - X - t o l u e n e  s e r i e s  can  be a r r a n g e d  in  

t h e  o r d e r  of  d e c r e a s i n g  r e a c t i v i t y  a s :

OMe > ( tB u ,  F) > Cl > Hr > NHAc.

The lower  r e a c t i v i t y  o f  t h e  a c e ta m ido  compound, i s  

u n e x p e c t e d  a s  i t  i s  known t o  be a s t r o n g e r  a c t i v a t i n g  g r o u p  t h a n  

a l k y l  and h a lo g e n  s u b s t i t u e n t s .  The a p p a r e n t  anomaly c o u l d  however  

be a Consequénce o f  t h e  lo w e r  s o l u b i l i t y  o f  t h e  s u b s t r a t e  i n  t h e  

r e a c t i o n  m i x t u r e .  S in c e  s o l i d  a c e t a n i l i d e  was added t o  t h e
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n i t r a t i n g  a g e n t ,  t h e  r e a c t i o n  medium was h e t e r o g e n o u s  a t  t h e  e a r l y  

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

was not  e q u a l  t q  t h e  amount added. .

I n  t h e  s u b s t i t u t e d  4 - m e t h y l a n i s o l e  s e r i e s  t h e  methoxy 

g ro u p  has  t h e  s t r o n g e s t  a c t i v a t i n g  e f f e c t  and t h i s  s h o u l d
'  t

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

dep e n d in g  on t h e  p o s i t i o n  o f  t h e  t h i r d  s u b s t i t u e n t  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  i s  a f f e c t e d  d i f f e r e n t l y .  I n  3 - c h l o r o - 4 - m e t h y l a n i s o l e

(117)  t h e  d i r e c t i n g  e f f e c t  of  t h e  c h l o r i n e  r e i n f o r c e s  t h e  e f f e c t  o f

t h e  methoxyl  g roup  and a l t h o u g h  i t  d e s t a b l i z e s  t h e  Wheland

i n t e r m e d i a t e s  f rom a t t a c k  o f  n i t r o n i u m  i o n  a t  , . .

C2, C4 and C6 , t h e  d e s t a b i l i z a t i o n  i s  l e s s  t h a n  t h a t  c a u se d  by

m e t a - c h l o r i n e .  I n  c o n t r a s t ,  t h e  p o s i t i o n s  C4 and C6 , i n

2 - c h l o r o - 4 ^ m e t h y l a n i s o l e  ( 1 1 5 ) ,  a c t i v a t e d  by m e thoxy l  g roup  a r e  meta
■ ^

t o  t h e  c h l o r i n e  atom and t h e  a c t i v a t i o n  o f  t h e  m ethoxy l  i s  o f f s e t  t o  

a  g r e a t e r  e x t e n t  by t h e  d e a c t i v a t i o n  by t h e  c h l o r i n e .  T h i s  <

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

c a s e  of  a n i s o l e  115 t h a n  i n  t h e  c a s e  of  117.  In 4 -m e th y l -  

- 3 - n i t r o a n i s o l e  ( 1 1 8 ) ,  t h e  n i t r o  group d e s t a b i l i z e s  t h e  t r a n s i t i o n  

s t a t e  l e a d i n g  to  t h e  Wheland i n t e r m e d i a t e  formed by a t t a c k  a t  

p o s i t i o n s  o r t h o  and p a r a  t o  t h e  m ethoxy l  group  ( a l s o  o r t h o  o r  p a r a

t o  t h e  n i t r o  g r o u p ) .  These  p o s i t i o n s  a r e  however  meta  t o  t h e  n i t r o
 ̂ «

g roup  in  4 - m e t h y l - 2 - n i t r o a n s o l e  ( l l ^  and w h i l e  t h e i r  r e a c t i v i t i e s  a r e

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

n i t r o  g roup .  The n i t r a t i o n  o f  compound 118 t h u s  r e q u i r e d  two mole

p r o p o r t i o n s  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 ,  w hereas  116 c o u l d  be
«

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

n i t r a t i n g  a g e n t  can  be e x p l a i n e d  by t h e  f o l l o w i n g  e q u i l i b r i a :
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The a c e t i c  a c i d  i s  r e p l a c e d  by t h e  c o n s i d e r a b l y  s t r o n g e r

^ c i d  and Weaker n u c l e o p h i l e ,  t r i f l u o r o a c e t i c  a c i * .  I f  t h e  a c t i v e '
'  "  - ,  '  '  'e l e c t r o p h i l e  i s  n i t r o n i u m  i o n  formed a t  i t s -  e q u i l i b r i u m

,

c o n c e n t r a t i o n  t h e n  t h e  r e c o m b i n a t i o n  o f . t h e  n i t r o n i u m  io n  w i t h  

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

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

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

e f f e c t i v e  e l e c t r o p h i l e  o r  i f  t h e  n i t r o n i u m  io n  i s  formed ^ i t h i n  t h e
* è

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

i n c r e a s e d  a c i d i t y  o f  t r i f l u o r o a c e t i c  a c i d  w i l l  i n c r e a s e  t h e
'  9  * '

c o n c e n t r a t i o n  of  p r o t o n a t e d  a c e t y l  n i t r a t e .  E i t h e r  e f f e c t  would 

c a use  an i n q p e a s e  i n  t h e  r e a c t i o n  r a t e .

2 . 2 . 4  P o s i t i o n a l  S e l e c t i v i t y ' ( P r o p o r t i o n  o f  I p s o  a d d u c t s )

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

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

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

r a t e  f a q t o r s  has  been  d e v e l o p e d  t o  compare t h e  r e a c t i v i t y  o f  each
, 62

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

g iven  group and a  g i v e n  r e a c t i o n  can  be d e f i n e d  a s  t h e  r a t e  Of
c

s u b s t i t u t i o n  a t  a  s i n g l e  p o s i t i o n  i n  t h e  s u b s t i t u ^ d  benzene
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r e l a t i v e  t o  t h a t  a t  a s i n g l e  p o s i t i o n  i n  b e n z e n e .  Very few p a r t i a l
Ï,

r a t e  f a c t o r s  a r e  known f o r  i p s o  a t t a c k .  They havè however  been
‘ ' 63

^ ^ I m a t e d  f o r ;  n i t r a t i o n  o f  t o l u e n e  i n  a c e t i c  a n h y d r i d e  ■ and t h e  '
* * * 

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

P a r t i a l  f a c t o r s  f o r  t h e  n i t r a t i o n  o f  t h e  h a l o b e n z e n e s ,  a n i s o l e

j.and a c e t a n i l i d e  a r e  g i v e n  i n  t a b l e  2 . 8 .  V a ly e s  fox i ^  a r e  n o t  known

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

. ■ Ph-X
" f  ■ Pf

Ref

F 0 .0 4 ' 0 0 .77 100

■ Cl 0 .0 2 9 \  0 .0009 ■ 0 .137 101

Br 0.033- 0.0011 0 .112 101

" . OMe 3 5 .5 29 102

NHAc 3 6 .0 28 103
•

T a b le  2 . 8 :  P a r t i a l  r a t e  f a c t o r s  o f  m o n o s u b a t i t u t e d  benzene

d e r i v a t i v e s  PhX.

A t t e m p ts  have  been  made t o  p r e d i c t  p r o d u c t  d i s t r i b u t i o n s

f d r ' n i t r a t i o n  o f  s u b s t i t u t e d  b e n z e n e s ' b y  u s i n g  t h e  p r i n c i p l e  of  
2 ■ , 

a d d i t i v i t y .  T h i s  p r i n c i p l e  assumes t h a t  two o r  more s u b s t i t u e n t s  bn

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

a benzene  r i n g ' b y  t h e  same amount a s  i n  t h e  c o r r e s p o n d i n g
'

m o n o s u b s t i t u t e d  compound,  r e s u l t i n g  i n  an  a d d i t i v e  i n f l u e n c e .  I n
' y

Such a c a s e  t h e  c a l c u l a t e d  p a r t i a l  r a t e  f a c t o r  f o r  a p a r t i c u l a r  ' '  

p o s i t i o n  would t h e r e f o r e  be g iv en  by t h e  p r o d u c t  o f  t h e  a p p r o p r i a t e

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

m o n o s y ÿ s t i t u t e d  compounds.  Th is  p r i n c i p l e  does  no t  a l l o w  f o r  any«
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i n t e r a c t i o n  be tw e en  t h e  s u b s t i t u e n t s  and i g n o r e s  s t e r i c  e f f e c t s .

For  t h e  4 - X - t o l u e n e s  t h e  amount o f  i p s o - p r o d u c t s  o b s e rv e d  and
- , I -

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

2 . 9 .  . . , .

X C a l c u l a t e d Observed

F 95.5% 100%

.Cl 72% 70%

Br - . — _

OMe 28% 30%

NHAc 30% 35%

T a b le  2 . 9 :  P e r c e n t a g e  Ip so  P r o d u c t  f rom N i t r a t i o n  o f  4MePhX

From t a b l e  2 .9  i t  can  be s e e n  t h a t  t h e r e  i s  s u r p r i s i n g l y

good a g re e m e n t  i n  t h e  p r e d i c t i o n  o f  t h e  e & t e n t ^ l p s o  a t t a c k  i n
%

t h e s e  compounds.  These v a l u e s  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h o s e
»  1 0 4  '

, o b s e r v e d j S c h o f i e l d  and h i s  cow orke rs  i n  t h e  n i t r a t i o n  r e a c t i o n s

c a r r i e d  o u t  w i t h  mixed a c i^ »  and ,  a s  p o i n t e d  ou t  by him,  t h i s  c o u l d
Mgbe due t o  i n c o m p l e t e  c a p t u r e  o f  t h e  W  ̂ by w a t e r  i n  p r e s e n c e  o f

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

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

I n  t h e  2 - X - 4 - m e t h y l a n i s o l e s  L14, 115 and 116 t h e  e f f e c t  

o f  X on p o s i t i o n  C-4 and C-6 s h o u ld  be e q u a l  s i n c e  bo th  t h e s e  a r e  

meta  t o  i t .  Thus t h e  p r o d u c t  d i s t r i b u t i o n  ( 1 / 2  o : i )  o b t a i n e d  i n

4 - r a e t h y l a n i s o l e  ( 1 1 2 ) . s h o u ld  be c a r r i e d  o v e r  t o  115, 114 and 116 and 

t h e  r a t i o  o f  i p s o  m ethy l  a d d u c t  t o  t h e  6 - n i t r o  p r o d u c t  s h o u ld

%
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be (30 :35= )  1 : 1 . 1 6 .  The v a l u e s  o b t a i n e d  a r e  2:1 f o r  X=C1, 1 . 3 : 1  f o r

X=Br and 7 . 3 : 1  f o r  X^NOg and i n d i c a t e  t h a t  more ' i p so  . m e th y l  a t t a c k

o c c u r s  t h a n  i s  p r e d i c t e d .  These  v a l u e s  (X=C1) a r e  i n  c l o s e

agreem en t  w i t h  t h o s e  o b s e rv e d  by S c h o f i e l d  and h i s  cow orke rs  . i n  t h e
106

n i t r a t i o n  w i t h  s u l f u r i c  a c i d  . T h i s  c o u ld  be due t o  t h e  f o l l o w i n g  

r e a s o n s :
-

a)  The p r e s e n c e  of  t h e  g roup  X a d j a c e n t  t o  m ethoxyl  g ro u p  on C-1 

r e s u l t s  i n  a, s t r o n g  b u t t r e s s i n g  e f f e c t  a t  r i n g  s i t e  C-6 .  I n  t h e  

s e r i e s  NO2 , Cl and Br t h e  m u tua l  e l e c t r o n i c  r e p u l s i o n s  w i t h  t h e  

methoxy l o n e  p a i r  wguld be a maximum f o r  NO2  and a minimum f o r  Br 

which would l e a d  t o  minimum a t t a c k  a t  C-6 f o r  t h e  f o rm e r ,  a s  

o b s e r v e d .

b) The re  i s  a s p e c i f i c  m u tu a l  i n t e r a c t i o n  be tween  t h e  n i t r o  and 

methoxy g roup  a s  shown i n  scheme 2 .2 2
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T h is  would l e a ^  t o  breakdown of  t h e  a d d i t i v e  i n f l u e n c e  of  
j

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

c)  Also  r e l a t e d  t o  t h e  q u e s t i o n  o f _ t h e  e x t e n t  o f  ipso a t t a c k

o b s e rv e d  i s  t h e  e f f e c t i v e n e s s  o f  t h e  a c e t a t e  io n  as  a t r a p p i n g  a g e n t

f o r  t h e  ipso c a t i o n  a n d ^ th e  p o s s i b i l i t y  of  r e v e r s a l  of  t h e
’ Keipso a d d u c t s  t o  t h e  i n  t h e .  n i t f a t i o n  r e a c t i o n  m i x t u r e .  The 

cou ld  t h e n  c o l l a p s e  t o  a r o m a t i c  compounds v i a  t h e  e n c o u n t e r  p a i r  

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

i s o l a t i o n  o r  measurement  of  t h e  ipso p r o d u c t ( s ) .

The l a s t  f a c t o r  s u g g e s t s  t h a t  t h e  amount o f
M0ipso a d d u c t s  d e t e c t e d  c o u l d  b e ' l e s s  thari  t h e  amount of 

a c t u a l l y  formed.  S ince  more r a t h e r  t h a n  l e s s  ipso a t t a c k  i s  

o b s e r v e d  t h a n  i s  p r e d i c t e d ,  t h e  e f f e c t s  m en t ioned  in  a )  and b)  seem, 

t o  be t h e  dominant  f a c t o r s  l e a d i n g  t o  lower  r e a c t i v i t y  a t  C-6.

I n  t h e  n i t r a t i o n  o f  3 - c h l o r o - 4 - m e t h y l a n i s o l e  (117)  no
* Mg

c y c l o h e x a d i e n y l  a c e t a t e  was o b t a i n e d .  I n s t e a d  t h e  formed t h e

d ie n o n e  140. N u c l e o p h i l i c  a t t a c k  by a c e t a t e  a n io n  a t ^ e i t h e r  C-3 o r

C-5 t o  g i v e  t h e  c y c l o h e x a d i e n y l  a c e t a t e  y o u l d  l e a d  t o  s t e r i c

c row din g  on v i c i n a l  c a r b o n s ,  hence  i s  d i s f a v o u r e d  i n  c o n t r a s t  t o
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a t t a c k  a t  C-1 which l e a d s  t o  t h e  d i e n o n e  140. I n  t h e  d i e n o n e  t h e  

c h l o r i n e  at^om i s  n o t  p l a n a r  w i t h  e i t h e r  of  t h e  s u b s t i t u e n t s  on C-4 

( i . e .  Me or  NO2 ) , T h c  Cl a c t i v a t e s  t h e  p a r a  p o s i t i o n  (C-6 i n  the  

a n i s o l e  117) more t h a n  t h e  o r t h o  p o s i t i o n s  (C-4 and C - 2 ) ,  t h u s  t h e  

p r e d i c t e d  r a t i o  o f  n i t r o  p r o d u c t s  ( C - 6 :C -4 : C - 2  = 5 . 5 : 1 : 1 . 1 )  

p a r a l l e l s  t h e  o b s e r v e d  r a t i o  ( C - 6 :C - 4 : C - 2  = 2 . 2 : 1 : 1 . 1 ) .

In  c a s e  of  4 - r a e t h y l - 3 - h i t r o a n i s o l e  (118)  t h e r e  was some
.I'le

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

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

d e l o c a l i z e d  on t q  C-3 which b e a r s  t h e  n i t r o  g roup  makings t h e  c a t i o n

* l e s s  s t a b l e  and more r e a c t i v e  t h a n  t h e  c a t i o n  from 4 - m e t h y l a n i s o l e

( 1 1 2 ) .  The r e s u l t i n g  d i e n e  was u n s t a b l e ,  as  would be e x p e c t e d  from
3

t h e  s t e r i c  c row ding  a ro u n d  t h e  sp  atoms and decomposed d u r i n g  work 

up.  From t h e  .H-NMR s p e c t r u m  o f  t h e  r e a c t i o n  m i x t u r e  t h e  e x t e n t  of  

i p s o  a t t a c k  «as  l e s s  t h a n  10% o f  t h e  t o t a l  n i t r a t i o n  r e a c t i o n .

A f t e r  work up e q u im o la r  p r o p o r t i o n s  of  bo th  a r o m a t i c  compounds 157 

and 158 were o b t a i n e d .  In  t h e ^ n i t r a t i o n  of n i t r o b e n z e n e  a h igh  

o r t h o - p a r a  r a t i o  ( ~ 3 : 1 )  i s ' o b t a i n e d .  Thus a g r e a t e r  p r o p o r t i o n  o f  

a t t a c k  a t  C-2 ( i n  a n i s o l e  118) t h a n  C-6 i s  e x p e c t e d .  However t h e

2 , 3 - d i n l t r o  compound 157 i s  a l s o  e x p e c t e d  t o  s u f f e r  c o n s i d e r a b l e  

s t e r i c  s t r a i n .  These  two e f f e c t s  a c t  i n  o p p o s i t e  d i r e c t i o n s .  The 

n e t  r e s u l t  i s  t h a t  a g r e a t e r  p r o p o r t i o n  o f  2—n i t r o  compound i s  

o b t a i n e d  from n i t r o a n i g o l e  118 t h a n  from c h l o r o a n i s o l e ,i ,117 .  j
2 . 2 . 5  R e g i o s e l e c t l v i t ^ i n  n u c l e o p h i l i c  t r a p p i n g

i  '

I n  t h e  i n t e r m e d i a t e s ,  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

f
r
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c h a rg e  on t h e  r i n g  c a r b o n s  ( o r t h o  and p a r a  w i t h  r e s p e c t  t o  t h e  

methyb group)  a l l o w s  i t  t o  behave  as  a - p o l y d e n t a t e  e l e c t r o p h i l e  

towards  t h e  a c e t a t e  a n i o n .  I n  t h e  4 - X - t o l u e n e  s e r i e s ,  a t t a c k  a t  C-2 

and C-6 l e a d s  t o  t h e  same c o n j u g a t e d  1 , 3 - d i e n ç ^  w he re as  a t t a c k  a t  

C-4 would y i e l d  a 1 ,4  d i e n e .  The . l a t t e r  d i e n e  b e a r i n g  an oxygen 

s u b s t i t u e n t  and a l e a v i n g  g roup  on t h e  same c a rb o n  i s  e x p e c t e d  t o  be 

u n s t a b l e  and t o  decompose* ' to■ t h e  d i e n o n e .  Such a p r o c e s s  has  been 

used  to  e x p l a i n  t h e  f o r m a t i o n  of  2 - n i t r o - p - c r e s o l  (168)  d u r i n g  t h e
V

n i t r a t i o n  o f  4 - b r o m o tb l u e n e  (110)  and 4 - m e t h o x y to l u e n e  (112)  by
105 , »

Wright  and h i s  cow orke rs

I t  i s  c o n c e i v a b l e  t h a t  one ( 1 , 3  o r  1 , 4 )  d i e n e  i s  t h e  

p roduc t  of  thermodynamic c o n t r o l  whereas  t h e  o t h e r  i s  t h e  p ro d u c t  o f

k i n e t i c  c o n t r o l .  T a b le  2 .1 0  shows t h a t  t h e  r a t i o  o f  1 , 3 -  and
» <

1 , 4 - d i e n e s  o b t a i n e d  a t  -40°C from t o l u e n e  and 4 - X - t o l u e n e s i  ,

There a p p e a r s  t o  be some d i s c r e p a n c y  i n  t h e  e x p e r i m e n t a l
IDS 1 .

r e s u l t s  r e p o r t e d  by W righ t  e t  a l .  The H-NMR s p e c t r u m  of  
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 ie n o n e  (56)  a s  r e p o r t e d  by t h e r

^  . ■ ■ ,  . 69
' d i f f e r s  marked ly  from t h a t  g i v e n  i n  t h e  l i t e r a t u r e  . When t h e

/ 92
r e a c t i o n s  were  r e p e a t e d  by l a t e r  w orke rs  u s i n ^  W r i g h t ' s

1
c o n d i t i o n s ,  no d i e n o n e  w^s o b s e rv e d  i n  t h e  H-NMR s p e c t ru m  of  t h e  

r e a c t i o n  m i x t u r e .  Pu re  sam ples  of  t h e  d i e n o n e  56 have been  

c h a r a c t e r i z e d  unam biguous ly  by v a r i o u s  w o r k e r s  and i t s  f o r m a t i o n  a t  

h i g h e r  t e m p e r a t u r e s  f rom 4 - m e t h y l a n i s o l e  (112)  i s  now w e l l  

e s t a b l i s h e d .
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X = H* Me^ NHAc OMe  ̂ Cl Br

1 , 3 / 1 , 4 P / 1 0/1 1 /0 1 /0  , 1 /3 , 1 /0  
#

1 /0

a; Ref 79; b: Ref 82; c :  Ref 92 

T a b le  2 . 1 0 :  R a t i o  o f  1 , 3  and 1 , 4 - d l e n e s  o b t a i n e d  i n  tKe n i t r a t i o n  of

t o l u e n e  and 4 - X - t o l u e n e s
Me

In  t h e  f o r m a t i o n  o (  l , 4 " - d i e n e s  f rom t h e  t h e r e  i s  a

s m a l l e r  chaftge i n  bond o r d e r s  (1 1 / 3 )  t h a n  I n  t h e  f o r m a t i o n  o f
1 0 7  6 5

1 , 3 - d i e n e s  ( 2 ) .  On t h e  b a s i s  o f  p r i n c i p l e  o f  l e a s t  m o t ion  ’ t h e

former p r o c e s s  has  been  a rg u e d  to  be ‘t h e  f a s t e r .  Thèse  a rgum en ts

however  f a i l  t o  e x p l a i n  t h e  p r e f e r r e d  f o r m a t i o n  of  t h e  c o n j u g a t e d '

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

C o n j u g a t e d " c y c l o h e x a - l , 3 - d i e n e  i s  more s t a b l e  t h a n  t h e  '

i s o m e r i c  n o n - c o n j u g a t e d  1 , 4 - d i e h e .  Ab i n i t i o  m o l e c u l a r  o r b i t a l

c a l c u l a t i o n s  show t h a t  t h e  d i f f e r e n c e  be tw een  t h e  two i s  on ly  1 .4  
1 P 8  '  '

TcJ/mol . For  s u b s t i t u t e d  c y c l o h e x a d i e n e s  t h e  d i f f e r e n c e  i n  energy  

v a r i e s  w i th  t h e  n a t u r e  and p o s i t i o n  of  t h e  s u b s t i t u e n t  as  shown i n  

■ tabl e  2 . 1 1 .  ,
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X . •

X

■ F 

OH 

H 

NO 2 

CN t  ,

«.' .. 169A

■ '0 ;
0 

0

< 169,B ,

6 . 1  

8 . 6  

0

4.y;

CH, ! 0

3.5

2 .4

164c

31V2

3 6 .5  

0

3 .2  > 

31 .0

16 .6

169D

5.1

7 .5

1.4

3.4  

4.1 '

3 .4

169E

3 7 .8

41 .1

1.4

6. 2

33 .4

18 .0

T a b l e  2 .11  R e l a t i v e  E n e r g i e s  ( k J / m o l e )  f o r  Lowest  Energy  

C o n f o r m a t io n s  o f  S u b s t i t u t e d  1 , 3  and l ; 4 ^ ^ y c l o h e x a d l e n e s .

, The two p o s s i b l e  i s o m e rs  from n u c l e o p h i l i c  t r a p p i n g  by 

a c e t a t e  a n î o p  ôf  a r e  169B and 169E. The ene rgy  d i f f e r e n c e
i ' 4 '

, I 1 *

be tw een  t h e s e  i s  s m a l l  when X=N02 o r  H, bu t  i s  l a r g e  f o r  o t h e r  

a u b s t - i t u e n t s .  The o b s e rv e d  t r e n d  seems to  i n d i c a t e  t h a t  i somer

‘ 169B,’ t h e ^ b n j u g a t e d  d i e n e ,  Should be f a v o u r e d  u nde r  thermodynamic  

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

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

c o n s i d e r e d  w i t h  c a u t i o n .  However i n  t h e  c a s e s  which h a v e , b e e n  

examined (X=F, OH, OMe (=0H?),  H, CHg) o n l y  i n  t h a t  o f  X=OMe i s  

f o r m a t i o n  of  t h e  c o n j u g a t e d  d i e n e  f a v o u r e d  o v e r  f o r m a t i o n  o f ^ t h e  ^  

n o n c o n ju g a t e d  1 , 4 - d i e n e .  T h i s  s u g g e s t s  t h a t  t h e  a d d i t i o n  of  a c e t y l
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n i t r a t e  i s  s u b j e c t  t o  k i n e t i c  r a t h e r  t h a n  thermodynamic c o n t r o l  and

, t h é r e  i s  e x p e r i m e n t a l  e v i d e n c e  t o  t h i s  e f f e c t .  The n i t r a t i o n  of

4 - f e t h y l t o l u e n e  y i e l d s  a p ^ i r  o f  d i a s t e r e o m e r i c  a d d u c t s  (Z ) -8 1  and

( E ) - 8 1 .  I t  h a s  been shown t h a t  a s i n g l e  d i a s t e r e o m e r  e q u i l i b r a t e s

to  i t s  ep im er  on p ro lo n g e d  e x p o s u re  (18h)  t o  a c e t i c  a n h y d r i d e  a t

am b ien t  t e m p e r a t u r e  b u t  r e m a in s  unchanged  when s t i r r e d  i n  t h e

n i t r a t i n g  m i x t u r e s  under  c o n d i t i o n s  a t  which n i t r a t i o n  was c a r r i e d  
109

ou t  . N i t r a t i o n  o f  2 - m e t h y l p h e n o k y - i s o b u t y r i c  a c i d  (170)  gave a

p a i r  o f  d i a s t e r e o m e r i c  d i e n e s  ( Z ) - 6 6  and (E ) - 6 6  i n  t h e  r a t i o  5 . 5 : 1 .

When d i e n e  (Z ) - 6 6  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 r o f o r m ,  an e q u i l i b r i u m  m i x t u r e  c o n t a i n i n g  (Z ) -66  and ( E ) - 6 6  i n
76 ■

1:4  r a t i o  was r e c o v e r e d  . Both t h e s e  e x p e r i m e n t s  s u g g e s t  u n d e r  t h e  

n i t r a t i o n  r e a c t i o n  c o n d i t i o n s  e q u i l i b r a t i o n  of  d i a s ^ r e o m e r s  i s  

n e g l i g i b l e .

I t  s h o u ld  be n o t e d  h e r e  t h a t  t h e  d i e n o n e  f o r m a t i o n  s t e p  

i s  I r r e v e r s i b l e  and w i l l  change  t h e  c o n j u g a t e d  to  u n c o n ju g a t e d  d i e n e  

r a t i o  by s e l e c t i v e l y  removing t h e  u n c o n j u g a t e d  d i e n e  from t h e  

s y s te m .  C o n s e q u e n t ly  i t  would be e r r o n e o u s  t o  measure t h a t  r a t i o  i n  

t h e  p r e s e n c e  o f  any d i e n o n e .  N e i t h e r  s h o u ld  i t s  f o r m a t i o n  be t a k e n  

as  an i n d i c a t i o n  o f  g r e a t e r  thermodynamic  s t a b i l i t y  o f  1 , 4 - d i e n e s .

I n  a c c o r d a n c e  w i t h  t h e  H a r d - S o f t  Aci4  Base p r i n c i p l e ^  

t h e  a c e t a t e  a n io n  (a r e l a t i v e l y  h a rd  n u c l e o p h i l e )  w i l l  a t t a c k  t h e  

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

c a t i o n .  The s u b s t r a t e s  s t u d i e d  b e a r  s u b s t i t u e n t s  which d o n a t e '  

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

i n d u c t i v e  e f f e c t .  These two e f f e c t s  w i l l  c o n t r i b u t e  i n  o p p o s i t e  

d i r e c t i o n s  to wards  t h e  p r o d u c t  d i s t r i b u t i o n .

In  t h e  s e r i e s  N, 0 and F and Br^ C l ,  and F, t h e  most  

e l e c t r o n e g a t i v e  e l e m en t  i s  F . C o n s e q u e n t ly  t h e r e  i s  g r e a t e r
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p o s i t i v e  c h a r g e  a t  C-4 i n  t h e  c y c l o h e x a d i e n y l  c a t i o n  ( w i t h  r e s p e c t

t o  4 - X - t o l u e n e )  when X=F and an  i n c r e a s e  i n  r e a ^ ^ v i t y  o f  C-4 i s

e x p e c t e d .  Th i s  e x p l a i n s  t h e  f a c t  t h a t  t h e  l , 4 - d i % n e  i s  formed i n

4 - f l u o r o t o l u e n e .

As t o  why no 1 , 4 - d i e n e  i s  formed a t  a l l  f o r  o t h e r  

s u b s t i t u e n t s  i t  c o u ld  be a rg u e d  t h a t  i n  t b e  q u in o n o id  form 170 

( f i g u r e  2 . 6 ) ,  t h e  l a r g e s t  o r b i t a l  c o e f f i c i e n t s  a r e  on t h e  t e r m i n a l  

c a r b o n ,  i . e .  C-2.  Th i s  would make t h e  r e a c t i o n  a t  C-2 a more 

f a v o u r e d  p r o c e s s  o v e r  r e a c t i o n  a t  C-4.

NOz

X
170

F i g u r e  2 . 6 :  Quinonoid  Form o f  I p s o  Wheland I n t e r m e d i a t e .  

Two p o s s i b l e  r e g i o i s o m e r s  e x i s t  f o r  t h e  1 , 3 - d i e n e s  

o b t a i n e d  from 2 - X - 4 - m e t h y l a n i s o l e s  114,  115,  and 116 as  shown i n  

scheme 2 .2 3 .

NO'2

OMe

+ O A c----- o

OMe

. A  
> O 0 A c

171 171A 

Scheme 2 .2 3

OMe

171B

The r e g i o i s o m e r  171B i s  s t e r i c a l l y  crowded but  i s  s t i l l  t h e  major  

p r o d u c t  when X=N02* G e n e r a l l y  t h e  m ajo r  r e s o n a n c e  c o n t r i b u t o r  t o
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(171)  i s  t h e  q u i n o n o i d  form 172D shown i n  s chem e-2 .24 .

17 2A

Scheme 2 .24

I -I

+ OMe

172D

The r e a c t i v i t y  of  t h e  two d o u b l e  bonds i n  such a s t r u c t u r e  i s  

d i f f e r e n t .  In  t h e  p r e s e n c e  of  % -a c c e p to r s  such as  t h e  n i t r o  g roup  

t h e  C-3 w i l l  be e l e c t r o n  d e f i c i e n t  and w i l l  be s u s c e p t i b l e  t o  

n u c l e o p h i l i c  a t t a c k  a t  a. f a s t e r  r a t e  t h a n  C-5 .  T h i s  a g r e e s  w i t h  t h e  

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

o l e f i n s  b ro u g h t  a b o u t  by i r-acûeTLtûie (Z=N02)* ( F i g  2 . 7 ) .  In  

c o n t r a s t ,  fop an  o l e f i n  c o n t a i n i n g  a tt—donor  t h e  LÜMO of  t h i s  d o u b le  

bond has  a h i g h e r  e n e rg y  and ‘i s .  l e s s  r e a c t i v e '  t h a n  t h e  u n s u b s t i t u t e d  

d o u b l e  bond.  C o n s e q u e n t ly  no i so m e r  (171B) i s  o b t a i n e d .

/ X

(X=halogen)

E=3.Oev

H-

E=1.5ev Energy Z

( Z - N O g )

E=O.Oev

F i g u r e  2 . 7 :  E n e r g i e s  o f  LUMP o f  s u b s t i t u t e d  o l e f i n s .  Ref 112.

9



CHAPTER III; THERMAL REACTIONS OF IPSO ADDDCTS.

3 .1  I n t r o d u c t i o n :

■

The i s o l a t i o n  o f  non a r o m a t i c  compounds from n i t r a t i o n

r e a c t i o n s  can  be t r a c e d  back  t o  t h e  l a s t  c e n t u r y .  Auwers r e p o r t e d ,

t h e  i s o l a t i o n  o f  2 , 4 - d i n i t r o - 3 , 4 , 6 - t r i m e t h y l c y c l o h e x a - 2 , 5 - d i e n o n e  
73 ■

(64) i n  1896 . N i t r o - d i e n o n e s  a r e  m a jo r  examples  o f  such compounds

b u t  t h e  s y s t e m a t i c  s e a r c h  and s y n t h e s i s  of  i p s o - n i t r o  

d e r i v a t i v e s  i s  r e l a t i v e l y  r e c e n t .  The m ajo r  r e a s o n  t h a t  made i t  

♦ d i f f i c u l t  f o r  t h e  e a r l y  w o r k é r s  t o  i s o l a t e  i p s o  a d d u c t s  i s  t h e i r  

t h e r m a l  i n s t a b i l i t y .  Even now i p s o  a d d u c t s  a r e  a t  t im es  

d e t e c t e d  In  r e a c t i o n  m i x t u r e s  but  e l u d e  i s o l a t i o n .  S e v e r a l  

i n t e r e s t i n g  modes of  r e a c t i v i t y  have emerged d u r i n g  t h e  s tu d y  o f  t h e  

t h e r m a l  r e a c t i o n s  o f  i p s o - n i t f o  compounds.  The m ajo r  outcome o f
V,

t h e r m o l y s i s  i s  a r o m a t i z a t i o n  bu t  d e p e n d in g  on t h e  s u b s t r a t e ,  s o l v e n t

and o t h e r  c o n d i t i o n s  d i f f e r e n t  mechanisms may be i nvo lve d*  In some

i n s t a n c e s  i n t e r m e d i a t e  d i e n e s  have  been  i s o l a t e ^ . ,  '

The c y c I o h e x a - 2 , 5 - d i e n o n e s  o b t a in e d *  by i p s o - n i t r a t i o n
■

of  s u i t a b l y  s u b s t i t u t e d  a n i s o l e s ,  p h e n o l s  o r  pheny l  a c e t a t e s  can 

undergo  a 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  and 

r e c o m b i n a t i o n  p r o c e s s .  Th i s  i s  i m p o r t a n t  i n  n e u t r a l  or  weakly

a c i d i c  s o l v e n t s  such  as  hexane  ajnd a c e t i c  a c i d .  C r o s s o v e r  s t u d i e s
113 '

u s i n g  l a b e l l e d  d i e n o n e s  have  shown t h a t  i n  hexane abou t  one t h i r d

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

o c c u r s  be tween  r e a c t a n t s  which have d i f f u s e d  from t h e  s o l v e n t  c a g e .

The e x t e n t  o f  t h e  ca ge  r e a c t i o n  i n c r e a s e s  w i t h  an i -ncr^ase  i n

, s o l v e n t  v i s c o s i t y  w i t h b o t  a f f e c t i n g  t h e  r e a c t i o n *  r a t e .  Added ■

r a d i c a l  s c a v e n g e r s ' a l s o  do n o t  a l t e r  t h e  r e a c t i o n  r a t e  bu t  do
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r e d u c e  t h e  y i e l d  o f  n i t r o p h e n o l  p r o d u c t s  168 and i n c r e a s e  t h a t  o f ^  

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

mechanism a s  shown i n  scheme 3 .1  w i t h  a r a t e  d e t e r m i n i n g  

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

+ NO.

173B 0 168

Scheme 3 .1

However i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  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  o c c u ^ in g  w i t h i n  a  s o l v e n t  cage  from a t r u e  

i n t r a m o l e c u l a r  1 , 3 —n i t r o  s h i f t .  ^

The r a d i c a l  mechanism invoked  f o r  t h e  1 - , 3 - n i t r o  s h i f t  

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

o b s e rv e d  i n  some I n s t a n c e s .  The i n t e r m e d i a t e  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  (175)  o b t a i n e d  by t h e  i p s o  n i t r a t i o n  

of  o - c r e s o l  (174)  decomposes s e l e c t i v e l y  t o  6 - n i t r o - o - c r e s o l
‘ 1 m

( 1 7 6 ) .  . A r a d i c a l  p r o c e s s  i n  t h i s  c a s e  would be e x p e c t e d  t o  l e a d  

to  t h e  f o r m a t i o n  o f  some 4 - n i t r o - o - c r e s o l  (177)  (Scheme 3 . 2 ) . ^



NO

174 175

•Scheme 3 .2

176

N

177

80.

A c o n c e r t e d  r e g i o s p e c l f i c  1 , 5 - s i g m a t r o p i c  s h i f t  o f  n i t r o
1 1 5

g roup  has  b e e n  r e c o g n i z e d  r e c e n t l y  . The s p i r o d i e n o n e  66 which i s
76

a p r o t e c t e d  a n a lo g  o f  d i e n o n e  175 was p r e p a r e d  by Bapat
t ’

n i t r a t i n g  2 - m e t h y l p h e p o x y i s o b u t y r l c  a c id  ( 1 7 8 ) .  The d i e n o n e  66

underw ent  a 1 , 5 - s ig m a t r o .p ic  s h i f t  o f  t h e  n i t r o ' g r o u p  t o  y i e l d  an

u n s t a b l e  d i e n e . 179, which a r o m a t i z e d  under  weakly b a s i c - c o n d i t i o n s

t o  y i e l d  t h e  6- n i t r o  compound 180.  The o v e r a l l  r o u t e  t o  compound

180 can th e n  be r e p r e s e n t e d  as  i n  scheme 3 . 3
f

178

Qv

66 179 J.80

Scheme 3.3



1
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Othfer d l e n é s  have  a l s o  been  fpund t o  e x h i b i t  a r e g i o s e l e c t i v e  mode 

o f  a r o m a t i z a t i o n .  The d i e n e s  88,  89 and 93 e x h i b i t e d  a l , 3 - ~ n i t r o  

s h i f t  d u r i n g  a r o m a t i z a t i o n  i n  wbakly a c i d i c  o r  f t e u t r a l  media  (scheme 

3 . 4 ) .  /  ' ' /  -

H OAc

AcOH

89

88

93

Rl ,  R-2 X • Ref

Me ' H CM 116

H Me CN. 117

Me H NO 2 • 115

Scheme 3 .4

In  one i n s t a n c e  t h i s  r e g i o s e l e c t i v e  1 , 3 - n i t r o  s h i f t  was shown t o  be
76  ■

a s i g m a t r o p i c  p r o c e s s  . The d i e n e  89 fpom 3 , 4 - d i m e t h y l b e n z o n i t r i l e

(185)  i s o m e r i z e d  to  d i e n e  184 p r i o r  t o  a r o m a t i z a t i o n  as  d e p i c t e d  i n  

scheme 3 . 5 .

OAc 49 /

CN

184 181 185

Scheme 3 .5  Ref 76



82. '

Much o f  t h e ' ^ f o r e m e t i t i o n e d  work on s i g m a t r o p i c  s h i f t s  i n  

n i t r o d i e n e s  was c a r r i e d  o u t  i n  c o n j u n c t i o n  w i t h  t h e  r e l a t e d  work 

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

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

d e r i v a t i v e s  a r e  d e s c r i b e d .  '

3 . 2  R e s u l t s  arid D i s c u s s i o n  '

3 . 2 . 1 :  F p r m a t io n  and  C h a r a c t e r i z a t i o n  o f  I s o m e r i z e d  Dienes

A summarized d e s c r i p t i o n  of  t h e  r e a c t i o n s  l e a d i n g  t o  t h e

m i x t u r e  from which -the d i e n e s  were i s o l a t e d  and c h a r a c t e r i z e d  i s
1 13  .

g i v e n  i n  t a b l e  3 .1  and t h e  H-NMR-and  ̂ . C-NMR s p e c t r a l  d a t a  of  t h e s e

d i e n e s  a r e ' g i v e n  i n  t a b l e s  3 .2  and 3 .3  r e s p e c t i v e l y .



\

T a b le  3 . 1 .Summary o f  l a r g e  s c a l e  t h e r m a l  I s o m e r l z a t i o n s

83.

S o l v e n t  
■ T e m p  . 

T i m e .

N(

i f
■

O t h e r

V

/ A
X X

P r o d u c  t s

X=C1 ' CgHe 189 187 188 186

Y=OAc 76°C (5%) (35%) \35%) (11%)
100 2 H- ,

X=Br CeHs 192 19(3 191 ^
( t r a c e )Y=OAc 74°C (4%) (35%) (35%)

1 0 1 Ih
X=OMe C6H6 196 194 ■ 195 . 197.

j Y=OAc 78°C (5%) (21.5%) (21.5%) (15%)
I 1 0 2 4h -

1X=NHAc CDCI3 - ^98 - 125 (22%)
■Y=0Ac '35° C ' - (23%) - 113 (11%)
|*'103 30min •« ' .
X=C1 CDCI3 - ' “ 208 I l l  &
Y=C1 75°C T- -  ' (52%) 209 (39%)

2 0 1 2 h
X=C1- CDCI3 - - 2 1 0 -
Y-OMe ' 50*C -  ' - (61%)

2 0 2 4h
X=C1 . CDCI3 T 212 - 214

Y=0H amb - (45 %) ( t r a c e )
204 2 1 h

X=Br CDCI3 - 206 110 & 207
Y=C1 75°C . -  . - (50%) (50%)

200 2h ■
CDCI3 - 211 -

Y=OMe ' amb -  . (44%)'

203 ISh
X=Br CDCfj - 214 - , 215

Y=OH amb - (53.5%) ( t r a c e )

205 18h ' ' T

2 The r e a c t i o p  was c a r r i e d  o u t  
p r o p o r t i o n  of  c r e s o l  215.

i n  t h e  p r e s e n c e  o f  0 .3 3  mol



A

'
...... \---- ..................... i if >

• C h em ica 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)

' .// CH) Y X 3-H 4-H 6-H 1 . 6  . 1 , 3  l ,M e 3 , 4 3 , Me 4 , 6

Z-187 1 .8 4 2 .1 9 5.91 5 . 8 5 6 . 4 6 5 ;2 6 8 .7 4 2 . 4 6  . 1 .5 0 6 :2 2 1 . 8 6  ^  1

E-188 1 .85 2 . 1 5 . 5.9,6 5 .9 4 6 .4 4 %.15 ' 3 . 3 1 “  — 6 .4 3 1 .’45

Z-190
;

E-191

1 .8 2 2 .1 7 5 .91 5 .7 9 6 . 6 9 5 .3 5 8 . 7 0 2 . 6 5  UOO 6 .2 5 1 . 6 3  . -  ’ ,

1 .83 2.1*5 5 .9 3 5386 6 .66 5.24 3 .4 7 — — 6 . 3 2 1 .0 4  -  i

Z-194 1 .7 8 . 2 .1 7  3 .6 4 5 . 8 3 5 .8 7 5 .3 6 5 .1 4 8 . 5 0 . ? ? 6 . 8 0 1 .7 0

E-195 1 .7 9 2 .1 2  f . 6 7 5 .9 4 5 .8 9 5 .2 9 5 .0 9 4^32 — — 6 ,5 7 ^ . . 0 5

Z -198 1 .86 2 .0 9  2 .1 2 5 . 9 1 6 .1 3 6 .4 9 5 .5 1 2 .0 5 6 . 7 3 1 .5 7  1 -04

E-208 l . % 5 , 4 . 9 6 5 .9 1 6 .4 0 5 .14 1 .8 4 — — 6 ■•. 3 0  • 1 . 4 7 .  , T

E-211 1 .9 0 3 .4 3 4 .2 3 5 .8 7 6 . 4 8 5 .1 9 2 . 5 0 6 . 0 0 1 .7 5

Z-212 1 .87 2 . 8 0 4 . 8 4 5 .61 6 .3 1 4 . 9 5 7 .40 2 . 5 0  1 .30 6 . 2 0
t- ̂

1 .6 4  -

E-208

E-210

Z-214

1 .9 6

1 .90

1 .9 1

' 3%48 

, 3 . 0 0

4 . 9 6

4 . 1 6

4 . 9 0

5 . 8 8

5 .6 8

6 .8 1

6 .5 8

6 . 6 0

5 .2 8

5.-24

5 .1 0

1 .79

2 . 4 0

7 .4 0

-  ' -  - 6 . 3 8  

-  * ^ 6 . 2 0  

2 . 5 8  1 .5 0 '  6 . 1 0

1 .2 0  : -4

1 . 5 0  -  L

1 . 5 0  r  '

1
T a b l e  3 . 2 : H-NMR d a t a  f o r  l - Y - 5 - X - 2 - m e t h y l - 6 - n i . t r o c y c l o h e x a r - 2

/■

' *;
, 4 - d i e n e s .

C  - K
' '

t f

• -

' '

,1 r ' y- . V:*
V

- - -

■■

h  •

* ' • ■■ -, ' ■ f

I f

'
f

\

'V

V  \

CP *

\
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T a b l e  3 . 3 : _____ C-NMR d a t a  f o r  I -Y - ,5~X -2 -m ethy l -6 -n i t rocyc r£>hexa"=2  , 4 - d t e n e s  ■

. 1

r ' ’ Che jn lca l S h i f t s  ( p p m )

X Y ,Ri Rg Sc i CH3 X Y Cl C2 C3 C4 C5 C6 c-o

Cl OAc 'N O g H z fl87 ■ J.7.8 ZÔ.5 7 1 .0 134 .8 11 9 .0 129 .9 1 2 2 . 1 ' $ 6 . 5 16 9 .8

Cl OAc H NOg E 188 1 9 .9 r ' ~ 20.7 7 0 .7 134.9 1 2 2 . 8 127 .9 120 .7 8 8 . 8 ' ^ 6 9 . 8

B r OAc NOg H Z ' 190 18 .0 - 20.5 7 0 .9 ' 135% 1 119 .5 134 .1 10 9 .5 87.5 169 .8

B r OAc H NOg E 19%; 19.4 2 0 .7 70 .8 ,  132 .5 1 2 2 .4 132 .2 109.1^ 90 .1 169.8

OMe OAc NOg H Z .4^4 16 .4 54.6 20.6 7 0 .2 125 .6 Ï 1 7 . 8 99 .1 148 .3 83.4 % 9 . 1

OMe OAc H NOg E < 195 19 .3 55.7 2 0 .5 72.0 124 .8 1 2 2 . 1 ' 97-9 1 4 7 .9 87 .1 16 9 .9

- Cl Cl H NOg E 208' 19 .9 — — 5 6 .3 133 .9 121 .5 128 .4 i2o;p 8 9 .1 -

B r ■ c i H NOg E 206 2 0 . 1 - - 5 6 .7 127 .3 1 2 2 . 2 132 .7 109.1 9 1 .1 -

OMe' h ' NOg E 2 1 0 19 .2 — 5 5.7 79.9 137 .7 1 3 1 .9 1 2 0 .3 1 1 2 . 6 89.8 —
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On h e a t i n g  a s o l u t i o n  of  d i e n e  100 i n  benzene  a t  76°C f o r  

2h a m i x t u r e  of  t h r e e  new d i e n e g  (75%), 5 - c h l o r o - o - c r e s y l  a c e t a t e

(186) ( 11 %), and unreacted diene 100 (14 %) was formed. Pure

samples of (Z)-5-chloro-2-methyl-6-nitrocyclohexa-2,4-dieny^acetate

(187)  and i t s  E - d i a s t e r e o m e r  188 were o b t a i n 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  o f  t h e  m i x t u r e  f rom e t h e r - p e n t a n e  s o l u t i o n  a t  -20  C. 

A f t e r  removal  o f  t h e  m a j o t  p o r t i o n  o f  t h e s e  d i e n e s , t h e  t h i r d  d i e n e  

189 was e n r i c h e d  t o  ~10% of  t h e  r e m a in in g  m i x t u r e .  During  

r e c r y s C a l l i z a t i o n  some 4 7 c h l o r o - 3 - n i t r o t o l u e n e  (122)  was f o rm e d .

The d i e n e s  187 and 188 were e x t r e m e l y  l a b i l e  i n  t h e  p r e s e n c e  of  

n u c l e o p h i l e s  and th e y  e l i m i n a t e d  a c e t i c ,  a c i d  to'  y i e l d  122. In  o r d e r  

t o  r educ e  t h e  number o f  components  ' io  t h e  m i x t u r e  ( f rom  s i x  t o  fo u r )  

p r i o r  to  column ch ro m a to g ra p h y  t h e  r e m a in i n g  amounts d i e n e s  187 

and 188 were c o n v e r t e d  t o  122 by t r e a t m e n t  w i t h  ammonium h y d r o x i d e .  

The m i x t u r e  t h u s  c o n t a i n e d  30% d i e n e  100,  27% c r e s y l  a c e t a t e -186,

35%, t o l u e n e  122 and 8% d i e n e . 189 .  Ch rom atog raph ic  s e p a r a t i o n  of  

t h i s  m i x t u r e  bn a s i l i c a  g e l  column a t  -40°C gave d i e n e  189, 

e n r i c h e d  to  95% i n  t h e  10% e t h e r - p e t r o l e u m  e t h e r  f r a c t i o n s .  Thj.s 

d i e n e  cou ld  n o t  be c r y s t a l l i z e d  and i t  r e a d i l y  i s o m e r i z e d  t o

188,  ' t h u s  i t  was c h a r a c t e r i z e d  i n  s o l u t i o n  a s

(E)-3-chloro-6-methyl-6-nitrocyclohexa-2,4-dienyl acetate.
1 *

When a s o l u t i o n  o f  d i e n e  101 i n  benzene  was h e a t e d  a t  

74°C, f o r  Ih. a m i x t u r e  o f  t h r e e  new i s o m e r i c  d i e n e s  ( 1 9 0 -1 9 2 ,  74%) 

u n b s a c t e d  d i e n e  101,  (26%) and t r a c e s  of  5 - b r o m o - o - c r e s y l  a c e t a t e  

(193)  and 4 - b r o m o - 3 - n l t r o t o l u e n e  (124)  were o b t a i n e d .  The compounds 

( Z ) - 5 - b r o m o - 2 - 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  ( 1 9 0 ) ,  and 

i t s  E - d i a s t e r e o m e r  (19%) were i s o l a t e d  as  c r y s t a l l i n e  s o l i d s  and th e  

minor  compound ( E ) - 3 - b r o m o - 6 - m e t h y l - 6 - n i t r o c y c l o h e x a r 2 , 4 - d i e n y l



♦  87.
'

. a c e t a t e  (192)  was o b t a i n e d  a s  a n  o i l  (95%) .u s ing  t h e  same p r o c e d u r e ^

'' a s  d e s c r i b e d  b e f o r e h a n d  f o r  th'e cH lo ro  a n a l o g  189 .  ‘ ,

A f t e r  4h a t  78°C a s o l u t i o n  o f  d i e n e  102 y i e l d e d  a

- m i x tu r e  c o n t a i n i n g  48% of  t h e  t h r e e  i s o m e r i z e d  d i e n e s  194-196 ,  15%,

5 - m e t h o x y - o - c r e s y l  a c e t a t e  (197)  and- 37% o f  u n r e a c t e d  d i e n e  102.

A t t em p ts  t o  s e p a r a t e  t h e  m i x t u r e  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 a i l e d  and on ly  a s i n g l e  c r o p  o f  c r y s t a l s  o f  t h e  s t a r t i n g  d i e n e

102 was o b t a i n e d .  T h e  r e m a i n i n g  m i x t u r e  was s e p a r a t e d  by

chromatography  on a s i l i c a  column a t  -40°C .  None of  t h e  d i e n e s

194-196 c o u ld  be c r y s t a l l i z e d  from t h e  e n r i c h e d  s o l u t i o n s  and they

were c h a r a c t e r i z e d  i n  t h e  m i x t u r e s  as ( Z ) - 5 - m e t h o x y - 2 - 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  ( 1 9 4 ) ,  i t s  ( E ) - d i a s t e r e o m e r  195

and ( E . ) - 3 - m e t h o x y - 6 - m e t h y l - 6 - n i t r o c y c l o h e x à - 2  , 4 - d i e n y l  a c e t a t e

( 1 9 6 ) .  The a c e t a t e  197 was o b t a i n e d  pu re  from an e a r l y  column

f r a c t i o n .  . . " .

O n , h e a t i n g  a s o l u t i o n  o f  d i e n e  103 ( from  t h e  n i t r a t i o n  o f .

4 - m e t h y l ; a c e t a n i l i d e  ( 1 1 3 ) )  i n  c h l o r o f o r m - d  a t  35 C f o r  30 mln a „

m ix t u r e  c o n t a i n i n g  .11% o f  113, 22% of  4 - m e t h y l - Z - n i ’t r o a c e t a n i l i d e

( 1 2 5 ) ,  23% o f  ( Z ) - 5 r a c e t a m i d ' o - 2 - m e t h y l - 6 - n i t r o c y c l p h e x a - 2 , 4 - d i e n y l

a c e t a t e  (198)  and 44% u n r e a c t e d  d i e n e  103 was o b t a i n e d .  When t h e

t e m p e r a t u r e  of t h e  r e a c t i o n  was r a i s e d  t o  60°C t h e  a r o m a t i z a t i o n
1 •

r e a c t i o n  became f a s t e r ,  and t h e  H-NMR s p e c t r u m  o f  t h e  r e a c t i o n  

m ix fu re  i n d i c a t e d  t h e  c o m p o s i t i o n  as  52% of  113,  35%'of  .125 a n d *12% 

2 , 6 - d i n i t r o - 4 - m e t h y l a c e t a a i l i d e  ( 1 9 9 ) .

Apar t  from t h e  d i e n e s  o b t a i n e d  from d i r e c t  n i t r a t i o n

r e a c t i o n s ,  s e v e r a l  o t h e r  ( Z ) - 3 - X - ? 6 . - m e t h y l - 6 - n i t r o c y c lo h e x a
*  '  .  ■ ■

- 2 , 4 - d i e n y i  d e r i v a t i v e s  were p r e p a r e d  from t h e  c h l o r o  and -

b ro m o -d ie n e s  100 and Ï0 1  d u r i n g  t h e  s t u d y  o f  a c i d  c a t a l y z e d  and

n u c l e o p h i l i c  r e a c t i o n s .  These d i e n e s  a l s o  underw en t  i s o m e r i z a t i o n
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X Y

c . . /  Br Cl 2Ô0

Cl Cl ' 201

Cl OMe 202

' Br OMe . 203

Cl OH 204

Br . OH ■ 205

' Schéma 3 .6

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

d i e n e s  a r e  g i v e n  i n  scheme 3 . 6 .

H e a t i n g  a s o l u t i o n  o f  d i e n e  (200)  i n  b e nz ene -dg  f o r  2h 

a t  75°C gave a m i x t u r e  c o n t a i n g  50% ( E ) - $ - b r o m o - 2 - 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  c h l o r i d e  (206)  and 50% of  a m ix t u r e  of-

4 -b ro m o to l u e n e  (110)  and 4 - b r o m o - 2 - c h l o r o t o l u e n e  ( 2 0 7 ) .  Apar t  from 

t h e s e  compounds t h e r e  were some o t h e r  n o n - a r o m a t i c  compounds p r e s e n t  

i n  minor  q u a n t i t i e s  (~5%).  A t t e m p ts  t o  c r y s t a l l i z e  ou t  d i e n e  206 

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

-40°C l e d  t o  d e c o m p o s i t i o n  of  a m a jo r  p o r t i o n  of  t h i s  d i e n e .  

S i m i l a r l y  d i e n e  201 gave  ( E ) - 5 - c h l o r o - 2 - r a 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  c h l o r i d e  (208 ,  52%) t o g e t h e r  w i t h  2 , 4 - d i c h l o r o t o l u e n e  

( 2 0 9 ) ,  4 - c h l o r o t o l u e n e  ( 1 1 1 ) . a n d  u n r e a c t e d  d i e n e  201 (9%).

When- d i e n e  202 was h e a t e d  i n  c h l o r p t o r m - d  

( E ) - 5 - c h l o r o - 2 - 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  m ethy l  e t h e r  (210)  

was o b t a i n e d  i n  a m i x t u r e  w i t h  a r o m a t i c  compounds and sm a l l  amounts  

of  u n i d e n t i f i e d  d i e n e s .  S i m i l a r l y  d i e n e  203 gave  '  ,

( E ) - 5 - b r o m o - 2 - 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  m ethy l  e t h e r  ( 2 1 1 ) .  

A t t e m p t s " t o  p u r i f y  d i e n e s  208,  210 ,  and 211 were u n s u c c e s s f u l .
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The compound 204 a f t e r  21h a t  ambien t  t e m p e r a t u r e  gave  a

m i x t u r e  o f  ( Z ) - * 5 - c h l o r o - 2 - 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 l  (212 ,

,45%),’ u n f e a c t e d  d l e n o l  204 (55%) and t r a c e s  o f  5 - c h l o n % - o - c r e s o l

, ( 2 1 3 ) .  The bromo a n a l o g  205 a f t e r  19h a t  am b ien t  t e m p e r a t u r e  gave

( Z ) - 5 - b r o m o - 2 - m e t h y l - 6 - n i t r o c . ^ c l o h e x a - 2 , 4 r - d i e n o i  214 (53.5%) and

u n r e a c t e d  d i e n o l  205 (46.5%) t o g e t h e r  w i t h  t h e  o r i g i n a l  ,

5 - b r o m o - o - c r e s o l  ( 2 1 5 ) .  I t  s h o u ld  be n o t e d  h e r e  t h a t  t r a c e  amounts
«*f -

o f  o t h e r  d i e n e s  were formed i n  t h e  i s o m e r i z a t i o n  o f  d i e n e s . 200-203  , 

bu t  were a b s e n t  i n  t h e  r e a c t i o n s  of  d i e n e s  204 and 205.

3 . 2 . 2  S t r u c t u r e  and S t e r e o c h e m i s t r y  of

3 - X - 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 e s

,
The H-NMR and C-NMR s p e c t r a  o f  d i e n e s  189,  192 and

196 r esem b led  c l o s e l y  t h o s e  o f  t h e  s t a r t i n g  d i e n e ?  100,  101 and

102 r e s p e c t i v e l y < In t h e  H-NMR s p e c t r a  t h e  two v i n y l i c  p r o t o n s  had

a  l a r g e  c o u p l i n g  c o n s t a n t  ( J 4 5  = lOHz) and t h e  m ethy l  group  a p p e a r e d
13 j

a s  a s i n g l e t .  In  t h e  C-NMR s p e c t r a  the  c h e m i c a l  s h i f t  of  t h e  two
3

sp  r i n g  c a r b o n s  and t h e i r  s p l i t t i n g  p a t t e r n  i n  t h e  g a t e d  s p e c t r a  

i n d i c a t e d  t h e  p r e s e n c e  o f  CMeN0 2  ( 5g  = 87ppm, s i n g l e t )  and CHOAc ( 6 ^ 

= 70ppm, d o u b l e t ) .  The d i e n e s  w e r e / t h u s  a s s i g n e d  as  ep im ers  o f  t h e  

s t a r t i n g  d i e n e s .  S in c e  t h e  c r y s t a l  s t r u c t u r e  o f  d i e n e  101

c on f i rm ed  t h a t  i t  had t h e  (Z)  c o n f i g u r a t i o n ,  t h e  d i e n e  192 was
'

a s s i g n e d  t h e  (E)  c o n f i g u r a t i o n .  The d i f f e r e n c e s  i n  t h e  NMR s p e c t r a l  

p r o p e r t i e s  o f  t h e s e  two ep im ers  a r e  a l s o  p r e s e n t  between  th e  ep im e rs  

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

3 . 4 .

r
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• • 1
H Chemica l s h i f t s and ^C

# ■' Z ■ X Y R s t e r e o Y c o u p l i n g c o n s t a n t s  »

chem OCOCH3 1-H 2-H 5-H 1,5 . « ^ 1 2 CH3

1 0 0 H Cl OAc H Z 1 . 9 9 5.53 6.12 ,6 . 5 5 . 1 .65 6 .13 2 3 . 1 .

z 189 H “c i OAc H • E 2 .08 6 .2 6  ' 5 .92 6.07 0 .0 0 3 . 9 9 2 0 .7

101 H Br OAc H _Z 1 .9 8 5.43 6.37 6 .45 U 7 6 6 .15 23 .1

192 H. Hr OAc H • E 2 .1 3 6.23 5-94 6 .23 0 :00 3 .0 0 18.2!
1. ,102 h ' OMe OAc H Z 1 .95 5.62 4 .97 6 . , 5 6 1.52 6 .5 ? 22 .6

K '  '  . ,
196 H OMe OAc H E 2 .1 5  . 5 .17 4 . 7 9/ 6.12 .0.00 5 .61 20.2
104 * • H tBu OAc H Z 1 .9 5 5 .53 6.38 1.2 5 .60 2 4 .0

104 H tBu ■ OAc H E 2 .1 0 6 .37 5 .4 8 5 . 9 4 0 .0 0 2 .9 0 18 .0

151 H OMe ÔÀC NOg Z 1.97 6.57 - 7.09 2.06 - 2 2 .8  '

152 H OMe OAc NO 2 E 2 . 1 0 7.04 - 6 .3 6 1.60 - 21.8
103 H NHAc OAc NO 2 2 1 .95 5.62 6 .49 6.59 1.53 6.59 23.3

* 154 NO2  'OMe OAc M • Z 1 .99 5.64 5.27 ' 6 . 9 9 2 .02 7 .29 2 2 '. 5

201 H 01 Cl H Z - 4 .9 6 6 .13 6 . 6 4 1 .70 ■ 6 .7 0 23 .3

200 H Br Cl H Z - 4 .89 6 .36 6 . 5 4 1.72 6 .47 2Â.2

>' 202 H Cl OMe H Z - 4 .07 6.16 6.48 1/55 5.67 23 .2

203 • ,H Br OMe '• H 'Z - 3 .96 6.38 6.36 1.70 5 .15 J2.3
i

204 H OH H • . Z -  ' 4 .4 5 .6.07 6 .3 5 0 .0 0 6,00 . 2 2 .1
• 205 H . z . - 4 .37 6.30 6 .25 0.00 5.43 22 .1

T a b l e  3 . 4 - S e l e c t l v ^  NMR d a t a  I l l u s t r a t i n g  d i f f e r e n c e s  be tw een  E a nd ;Z
*

d i a s t e r e o m e r s  of  3 - X - 6 - m e t h y l - 6 - n l t r o c y c l o h e x a - 2 , 4 - d l e n y l  d e r i v a t i v e s
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The two p o s s i b l e  c o n f o r m e r a  o f  ^ a c h  d i a s t e r e o m e r  a c e  shown i n  f i g .

3 . 1 '.

OAc

:-A NO2

7

AcO

.H e

N Ü 2

F i g u r e  3 .1  :. Conformers  o.f e a ch  D i a s t e r e o m e r  of  3 - X - 6 - m e t h y l - 6 - n i t r o -
■r-

cy’c l o h e x a - 2  , 4 - d i e n e s  

I n  t h e  ( Z ) - d i a s t e r e o m e r s  t h e  c o n fo rm er  Z-A has. fewer  gauche  

i n t e r a c t i o n s  t h a n  Z-B and i s  t h e r e f o r e  f a v o u r e d .  1 , 3 - D i a x i a l
V

i n t e r a c t i o n s  a r e  l e s s  i m p o r t a n t  i n  c y c l o h e x a d i e n e s  as t h e r e  a r e  no 

a x i a l  p r o t o n s .

I n  t h e  ( E ) - d i a s t e r e o m e r  t h e  conform&p E-A ha s  fewer
1  V .

g a u c h e  i n t e r a c t i o n s  t h a n  con fo rm er  E-B. However t h e r e  a r e  two

o f f s e t t i n g  f a c t o r s  which  would o f  t h e m s e lv e s  f a v o u r  confdTmer B.

These a r e  i )  t h e  p r e f e r e n c e  o f  n i t r o  and a c e t o x y '  g roups  t o  be

gauche**as i n  E-B ( n i t r o  and a c e t o x y  a r e  gauche  i n  bô th

Z - c o n f o r m e r s ) . The p r e f e r e n c e  o f  b o t h  n i t r o .  and a L koxy group  t^o

remain gauche have been observed in the conformational analysis Of

l - b e n z y l d x y - 2 - n i t r o e t h a n e  (216)  where t h e  s y n c l i n a l  c o n fo rm era
■ H'8 ■

(216-A and C, scheme 3 . 7 )  a r e  p r edom inan t  . - '■
' *'
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Scheme 3 .7

OR
H ^N O z

•  A

216C

i i )  P o s s i b l e  r e p u l s i o n  be tween  t h e  a x i a l  n i t r o  g roup  ( i n  E-A) and 

t h e  d i e n e  n -c lo u d  ( T h i s  f a c t o r  would make Z-A p r e f e r r e d  oirer Z-B) .

c o n s e q u e n t l y ;  whereas  Z-A i s  e x p e c t e d  to  be t h e  dominant  

Z-co r i fo rm er , E-B i s  e x p e c t e d ,to- have a s i g n i f i c a n t  c o n t r i b u t i o n  t o  • 

t h e  p o p u l a t i o n  of  ( E ) - c o n f o r m e r s .

The (4-H and 5-H) and (1-H and 2-H) r i n g  p r o t o n s  weje  

a s s i g n e d  on t h e  b a s i s  o f  l o n g ‘r an g e  c o u p l i n g s .  I n  t h e  ( E ) - e p i m e r s  

on ly  one o f  t h e  p r o t o n s  (IH or  2H) was c o u p le d  (J»1 .5Hz),  w i t h  e i t h e r

4-H o r  5-H.  Th i s  c o u ld  be ^  1 ,5  o r  2 ,4  c o u p l i n g .  The a n g u l a r  

o r i e n t a t i o n  be tw een  2-H and 4-H p r o t o n s  i s  t h e  same i n  t h e  two 

confo rm era  of  t h e  two e p im e rs  and t h e  c o n s i s t e n t  long  r ange  c o u p l i n g  

i s  more l i k e l y  be tw een  2-H and 4-H p r o t o n s  and n o t  be tw een  1-H and

5-H p r o t o n s .  In  Z-A th'e d i h e d r a l  a n g l e  be tw een  .the 5-H p r o t o n  and 

the'  n i t r o  g roup  (H-C 5 - C g % 0 2 ) i s  ' c l o s e  t o  z e r o  whereas^ t h i s  a n g l e  i s  

c l o s e  .to 9^° i n  E-A; t h u s  t h e  5-H p r o t o n  i s  d e s h i e l d e d  i n  t h e  Z-A
I»

and shows an u p f i e l d  s h i f t  i n  t h e  E-A/E-B m i x t u r e  r e l a t i v e  t o  i t s
”■ * . ' 

p o s i t i o n  i n  Z-A. '  ,.
I n ,  t h e  (_E)-d ia8 te reom ers '  t h e  1-H i s  c i s  t o  t h e  r t i t r o

»
g roup  and i n  t h e  ( Z ) - d i a s t e r e o m e - r s - , t h e s e  a r e  t r a h s .  T h e r e f o r e  t ^ e  

1-H l i e s  c l o s e r  t o  t h e  d é s h i e l d i n g  zone o f  t h e  n i t r o  g r o u p  i n  t h e  ,,

VÎ
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( E y - d i a s t e r e o m e r .  T h i s  e f f e c t  i s  a c c e n t u a t e d  by f l a t t e n i n g  o f  t h e
■ f  ' .

r ingy  t h u s  1-H i s  s h i f t e d ’ d b w n f i e l d  i n  t h e  ( E ) - d i a s t e r e o m e r  r e l a t i v e  

t o  i t s  p o s i t i ^ ^ i  i n . E - A .

The c o u p l i n g  be tw een  J.-H and 5-H p r e s e n t '  on ly  i n  t h e  Z 

d i a s t e r e o m e r ,  i s  due t o  a  4 bond t h r o u g h  s p a c e  c o u p l i n g  which i s  

p o s s i b l e  i f ^ f h e s e  two p r o t o n s  a r e  c o p l a n a r .  I n  Z-A t h e . 1 - H  p r o t o n  

i s  e q u a t o r i a l  and l i e s  n e a r  t h e  p l a n e  o f  t h e  Ci-Cg-Cg framework

whereas  i a  E-B t h e  1-H i s  a x i a l  and i s  o r t h o g o n a l  t o  t h i s  pl-ane.
- '

Thus J 2 5  c o u p l i n g ^ e o n s t a n t  s h o u ld  be lower  i n  t h e  E-A/E-B m i x t u r e .

No c o u p l i n g  i s  o b s e r v e d .  However i n  d i e n e  152 t h e  p r e s e n c e  o f  t h e

n i t r o  g roup  on C-2 d e s t a b i l i z e s  t h e  e q u a t o r i a l  o r i e n t a t i o n  o f  t h e

a c e t a t e  group,  and t h e  i n c r e a s e d  p o p u l a t i o n  o f  confo rm er  E-A w i t h

e q u a t o r i a l  1-H i s  r e f l e c t e d  i n  t h e  J i  5  (=1 .6Hz)  which l a r g e r  t h a n

t h a t  o b s e r v e d  f o r  otr^er  ( E ) - d i a s t e r e o m e r s .
11 9

' K a t r i t z k y  and h i s  cow orke rs  have-«nown t h a t  i n  « the

c i s -  and t r a n s - 9 - p h e n y l - l , 2 ^ 3 , 4 ,4 a ,1 0 a - h e x a h y d r o p h e n a n t h r e n e  (217C)
»•*„ - 

and (2 I7T)  r e s p e c t i v e l y  ( f i g u r e  3.2>), t h e  c o u p l i n g  c o n s t a n t  be tween

t h e  e t h y l e n i c  10-H and v i c i n a l  a x i a l  lOa-H i s  2.0Hz i n  th q  t r a n s ' '

i s o m e r .  The c o r r e s p o n d i n g  J ^ q  2 0  v a l u e  f o r  t h e  p s e u d o e q u a t o r i a l, a —
p r o t o n  i n  c o n fo rm e r  C i s  7 .GHz.

J / ' "
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F i g u r e  3 . 2 :  C i s  & T r a n s - 9 - p h e n y l - l , 2 " , 3 , 4 a ,1 0 a - h e x a h y d r o p V ë t t a n t 6 r e n e

^  The 1-H i s  a x i a l  i n  t h e ‘con fo rm er  E-B ( F i g u r e  3 . 1 ) .  C o n s e q u e n t l y

t h e  v i c i n a l  c o u p l i n g  (J   ̂ 2 ) 1"  t h e  e y e l o h e x a d i e n e s  i s  e x p e c t e d  t o  be
. "  »

lee 's  i n  t h e  ( E ) - d i a s t e r e o m e r s  t h a n  i n  t h e  ( Z ) - d i a s t e r e o r a e r s ,  a s  

o b s e r v e d .  * •,*

In. t h e  ( E ) - d i a s t e r e o m e r s  . the  m e t h y l  g roup  (on C-6), i s

gauche  t o  t h e  a c e t a t e  group  i n  b o t h  c o n fo r m e r a  E-A and E-B, . w h e re as
.. .

i n  t h e  ( Z ) - d i a s t e r e o m e r s  t h es e ^ a V e  a n t i  t o  e a c h  o t h e r  i n  t h e
1 2 0

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

t h a t ' t h e  c h e m i c a l  s h i f t  o f  a  c a r b o n  atom i s  s h i f t e d  u p f i e l d  when i t  

i s  gauche  t o  a  h e t e r o  atom, as  o b s e r v e d  i n  t h e  p r e s e n t  c a s e  f o r  t h e  

i . - ( E ) - d i a s t e r e o m e r s .

Based on t h e  above o b s e r v a t i o n s  i t  i s^ p o s s i b l e  to '  a s s i g n
, i  ‘

t h e  d i a s t e r e o m e r s  10,Q,, 102 and 151 as,  t h e  ( Z ) - d i a s t e r e o m e r s  and t h e

e p im e r s  189,  196 and 152 as ( E ) - d i a s t e r e o m e r s . The v a l u e s  f o r  t h e
't -*bu ty l  d è ' r i v a t i v e s  104Z and-104E have  a l s o  been  i n c l u d e d  i n  t a b l e

' " ■

3 .4  t o  e x t e n d  t h e  a n a l o g y .  No ep im er  of  d i e n e  103 was o b t a i n e d
•  '  1 

d u r i n g  t h e  c o u r s e  o f  t h e  t h e r m a l  r e a c t i o n s  b u t  t h e  H-NMR sp e c t ru m
e*

of  103 a g r e e d  w e l l  w i t h  t h a t  o f  f h e  o t h e r  d i e n e s  o b t a i n e d  i n  t h e  

n i t r a t i o n  r e a c t i o n .  S in c e  a l l , o f  t h e s e  qi ajo r  d i e n e s  a r e  formed by
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c i s  a d d i t i o n  of  a c e t y l  n i t r a t e ,  d i e n e  103 was a l s o  A ss igned  t o  be 

t h e  ( Z ) - d i a s t e r e o m e r ,  t h e  p r o d u c t  o f  c i s  a d d i t i o n .  The d i e n e s  

200 -205 ,  were a l s o  each  o b t a i n e d  as  s i n g l e  d i a s t e r e o m e r s  f o l l o w i n g  

s u b s e q u e n t  r e a c t i o n s  o f  d i e n e s  100 and 101 and t l i e i r  NMR 

c h a r a c t e r i s t i c s  as  shown i n  t a b l e  3 .4  a l s o  i n d i c a t e  t h a t  t h e s e  a r e  

( Z ) - d i a s t e r e o m e r s .

3 . 2 . 3  S t r u c t u r e  and S t e r e o c h e m i s t r y  oÉ 5 - X -2 -m e (hy l -6 -  

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

The e l e m e n t a l  a n a l y s i s  o f  e a ch  of  t h e  pure  d i e n e s  187,
I , ' . . . .

188 ,  190 artd 191 gave  an e m p i r i c a l  fo rm u la  i d e n t i c a l  t o  t h a t  o f  t h e  
*

r e s p e c t i v e  s t a r t i n g  d i e n e .  I n  t h e  IR s p e c t r a  o f  t h e s e  d i e n e s
- I  . .

c h a r a c t e r i s t i c  peaks  due t o  n i t r o  (1550 cm ) and a c e t o x y  (1750 •
— 1 ' ‘ ‘ '

cm ) g r o u p s  were p r e s e n t .  The ÜV s p e c t r a  ( =  280nm, e 200
2' _1 - ■ '  ' ' 

m mol ) i n d i c a t e d  t h e  p r e s e n c e ,  of  a c o n j u g a t e d  d i e n e  'c h romophore.
13 . . ' ' - ' 3

The C s p e c t r a  o f  a l l  t h e s e  d i e n e s  had peaks  due , to two sp  m e th in e

c a r b o n s  (6 ~87 and 70ppm). Of t h e  t h r e 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 s

p o s s i b l e  f rom 4 - X - t o l u e n e s ,  shown i n  c h a p t e r ’l l  (scheme 2 .9  ) ,  on ly
3

t h e  s t r u c t u r e  126 ( 1 , 3 - d i e n e )  can  accomodate  two sp m e t h in e  *- .

c a r b o n s .  The h i g h  f i e l d  m e t h in e  c a r b o n  ha s  c h e m i c a l  s h i f t s  (6 ^

=70ppm) i d e n t i c a l  t o  C-1 o f  d i e n e s  o b t a i n e d  by n i t r a t i o n  and t h e
V ‘ ■ '  ' 3.
c h e m i c a l  s h i f t  o f  t h e  o t h e r  s p  m e th in e  c a rb o n  (6^=87ppm) i s  s i m i l a r

t o  t h a t  o f  C-6 o f  t h e  same compound. These c a rb o n s  have  a t t a c h e d

a c e t a t e  and n i t r o  s u b s t i t u e n t s  r e s p e c t i v e l y .  i i \  d i e n e s  100, and 101.

Thus t h e  m e th in e  c a rb o n s  o f  187,  188,  190 and 191 must have  an
\

a c e t a t e  g roup  (6p~70ppm) a t t a c h e d  t o  one  apd t h e  n i t r o . g r o u p
,1 c

a t t a c h e d  t o  t h e  o t h e r  (’6^=87ppra). I t  f o l l o w s  t h a t  t h e  n i t r o  g ro u p  

must  have  m i g r a t e d  from '  ̂ ^



■ . - 96.

a t e r t i a r y  t b  a s e c o n d a r y  capbon  i n  t h e  t r a n s f o r m a t i o n  of  100 to  187 
. , « 

and  188 and of  101 t o  190 and  191 and t h a t  t h e s e  d i e n e s  have t h e

s t r u c t u r e  5 - X - 2 - 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  (A) (’F ig  

3 . 3 ) .  '

X

F i j u r e  3 . 3 ;  S t r u c t u r e  o f  5 ^ X - 2 - m e t h y l - 6 - n i t r o c y c l o h # x a - 2 , 4 - d i e n - y l

a c e t a t e .

The a l l y l i c  c o u p l i n g  e x h i b i t e d  by t h e  m e thy l  g roup  in  t h e
1 , • 13
H-NMR s p e c t r a  and t h e  u p f i e l d  s h i f t  no ted  i n  t h e  C-NMR s p e c t r a

( 6  < 20ppd)  c o n f i rm a  t h a t  t h e  m e th y l  g roup  i s  a t t a c h e d  to  a d o u b l e
" ^

bond.  The a b s e n c e  of  a lOHz v i n y l i c  c o u p l i n g  c o n f i r m s  t l j e  a b s e n c e
■Mt • 13

o f  a d j a c e n t  v i n y l i c  p r o t o n s . '  In  t h e  C-NfiR s p e c t r a ,  t h e  p o s i t i o n
2

o f  one  o f  t h e  s u b s t i t u t e d  s p  —r i n g  c a r b o n s  v a r i e d  on c h a n g in g  t h e  

s u b s t i t u e n t  X ( C l ,  Br , OMe, .'NHCOMe) i n  a manner s i m i l a r  t o  t h e

»  '



change  in. c h e m i c a l  s h i f t s  i n  t h e  d i e n e s  100 t o  103, a s  would be

e x p e c t e d  f o r  t h e  X - s u b s t i t u t e d  c a rb o n  o f  A. ^
. ' 1 .

In  t h e  H-NI;R s p e c t r a  o f  a l l  o f  t h e s e  d i e n e s  t h e  r i n g

p r o t o n s  a ppe a re d  as  f o u r  s e t s  o f  m u l t i p l e t s .  The two m e th in e
■

p r o t o n s ^ ( l - H  and 6-H) c o u ld  be  a s s i g n e d  o n . t h e  b a s i s  o f  s i n g l e  ,

 ̂ f r e q u e n c y  d e c o u p l i n g  e x p e r i m e n t s  i n  t h e  C-NMR s p e c t r a .  ,0n
V ’ * ‘

i r r a d i a t i o n  of  t h e  s i g n a l  a t  —5 .,2ppm o f  d i e n e s  187, 188,  190 and , 
h 1 3

191 t h e  C-6 s i g n a l  i n  t h e  o f f  r e s o n a n c e  d e c o u p le d  C s p e c t r a

* (~87ppm, HC-NO2 ) a p p e a r e d  as  a s i n g l e t  w hereas  t h e  m u l t i p l i c i t y  o f
. - ■ ■ ■ 

t h e  o t h e r  c a rb o n s  remainfed unchanged .  Thus t h e  d o u b l e t  a t  ~5.2ppm
* 1 '

i n  t h e  H-NMR sp e c t ru m  was a s s i g n e d  t o  6-H,. The 1-H was i d e n t i f i e d

a s  t h e  p r o to n  c o u p le d  to  6-H ( J  j g was ~4Hz i n  one d i a s t e r e o m e r  and
»

~8Hz in t h e  o t h e r ) .  The c h e m i c a l  s h i f t  o f  6-H i s  more s e n s i t i v e  t o  

t h e  change  i n  s u b s t i t u e n t  X t h a n  1-H and t h i s  c o n f i r m s  t h e  

a s s ig n m e n t  which p u t s  6-H on t h e  c a rb o n  a t t a c h e d  to  X. The a c e t y l  

m e thy l  g roup  r e s o n a t e d  a s  a s h a r p  s i n g l e t  w he re as  t h e  methy l  g r o u p  

■on t h e  r i n g  (C-2)  was s p l i t  by à s i n g l e  p r o t o n  i n  t h e  ' '

. ( E ) - d i a s t e r e o m e r s  188 and 191 and by two c h e m 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  i n  t h e  ( Z ) - d i a s t e r e o m e r s  187 and 190.  1

In  t h e  ( E ) - d i a s t e r e o m e r s  188 and 191 t h e  p r o t o n ,  h i i y l i c  

t o  m ethy l  ( 3 - H ) , c o u l d  be e a s i l y  d i s t i n g u i s h e d  from i t s  s p l i t t i n g

. p a t t e r n  ( d q ) .  I t  c o l l a p s e d  t o  a d o u b l e t  ( J= 6 .4 H z)  on i r r a d i a t i n g
■ ' ■ - ^ . 

t h e  m ethy l  s i g n a l .  On i r r a d i a t i o n  of  t h e  3-H s i g n a l ,  t h e  d o u b l e t -

du.e t o  t h e  m ethy l  p r o t o n s  and t h e  low f i e l d  d o u b l e t  ( J= 6 .4 H z)  i n  t h e

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

\  be a s s i g n e d  t o  4-H.
, 1

In t h e  H-NMR sp e c t ru m  of  fh e  methoxy d i e n e s  194'’ and
13

195 t h e  p o s i t i o n  o f  4-H (and  of  C-4 i n  t h e  C-NMR s p e c t r u m )  was .

s h i f t e d  u p f i e l d  due t o  t h e  e f f e c t  of  t h e  v i n y l i c  methoxy g r o u p .
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a p a r t  f rom which d l l  o t h e r  c h e m i c a l  s h i f t s  were s i m i l a r  t o  t h o s e  f o r  

t h e  c o r r e s p o n d i n g  bromo and  c h l o r o - d i e n e s ’. The c o u p l i n g  p a t t e r n  was 

a l s o  v e ry  s i m i l a r  e x c e p t  t h a t  i n  t h e  ( Z ) - d i a s t e r e o m e r  194 t h e  

c h e m ic a l  s h i f t s  o f  1-H and 2-H were v e ry  c l o s e  and . i t  was no t  

p o s s i b l e  t o  d e t e r m i n e  J j ' 3  and J^  CH^* The m e th y l  s i g n a l  a p p e a re d

as a b r o a d  d o u b l e t  ( J= 1 .70H z)  from which i t  i s .  p o s s i b l e  t o  d e t e r m i n e  

th e  a l l y l i c  coup l in g ' " b e tw e e n  CH3 and 3-H.  .
* ' ' 1 3  ’ .

■' The C-NMR s p e c t r a  o f  t h e s e  d i e n e s  were e a s i l y
fhg -

i n t e r p r e t e d  o n ^ b a s i s  o f  t h e  s t r u c t u r e s  a s s i g n e d  and t h e  C-3 and C"4

peaks were a s s i g n e d  from s i n g l e  f r e q u e n c y  d e c o u p l i n g  e x p e r i m e n t s .

I r r a d i a t i o n  of  4-H gave â s i n g l e t  f o r  C-4 f o l l o w i n g  which C-^ was
2

■ a s s i g n e d  t o  t h e  o n ly  o t h e r  p r o t o n - b e a r i n g  sp  c a r b o n .  In

e l u c i d a t i n g  t h e  s t r u c t u r e  o f  d i e n e s  198,  208,'  206,  2 1 0 ,  211,  212 and
1 ^  13 . -  ̂ ^

214,  t h e  i n f o r m a t i o n  from t h e  H-NMR an^ C-NMR s p e c t r a  of  t h e  
\

d i e n e s  188, 189,  190,  191,  194 and 1 9 5 .was u s e d .  The a l l y l i c  m e thy l

s p l i t t i n g  was p r e s e n t  and t h e  lOHz c o u p l i n g  due t o  v i c i n a l  c o u p l i n g

( J 4  5 i n  t h e  s t a r t i n g  d i e n e s )  was a b s e n t  i n  a l l  t h e  i s o m e r i z e d  
' 13

d i e n e s .  The C-NMR s p e c t r a  o f  t h e  d i e n e s  206 and 208 a l s o  a g re e d

w i th  t h e  5 - X - 2 - 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 e  framework I n  t h a t
3 , 2 

t h e  peaks  due t o  t h e  two s p  m e th in e  c a r b o n s  and two sp m eth ine  and
2 ;

two s u b s t i t u t e d  s p  c a r b o n s  were p r e s e n t .

An i m p o r t a n t  f e a t u r e  i n  t h e  s p e c t r a  o f  theSe  compounds i s  

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

s t e r e o c h e m i s t r y .  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 s  t h e  d i e n e s  187 

and 190 were formed s t e r e o s p e c i f i c a l l y  from t h e  d i e n e s  1 0 0  and 

101» a s s i g n e d  th e  ( Z ) - c o n f i g u r a t i o n  and o b t a i n e d  by n i t r a t i o n  o f  t h e  

r e s p e c t i v e  t o l u e n e s .
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' I n  a s e r i e s  o f  s u b s t i t u t e d  d i h y d r o n a p h t h â l e n e s
. ' 119

( F i g u r e  3 .2 ’) s t u d i e d  by K a t r i t z k y  and h i s  cow orke rs  t h e  c i s

i som ers  were found t o  have  a l a r g e r  c o u p l i n g  c o n s t a n t  ( J  . =6 .5  Hz.)

between  t h e  two v i c i n a l  s e c o n d a r y  p r o t o n s  compared to  t h e  coup l i 'ng

o f  t h e  d i e q u a t o r i a l  p r o t o n s  i n  t h e  t r a n s  i so m e r  (J  =2Hz). l a t e r
'  "  121 

on t h e s e  v a l u e s  were used  by B a r t o l i ~ a n d  h i s  cow orke rs  ■ to  a s s i g n

s t e r e o c h e m i s t r y  o f  s i m i l a r  compounds.  - Based on t h i s  a n a lo g y  i t  i s

p o s s i b l e  t o  a s s i g n  t h e  s t e r e o c h e m i s t r y  o f  t h e  d i e n e s  187, 190, ,  and

19A a s  Z, s i n c e  t h e s e  d i e n e s  have a l a r g e r  ( J j  g) c o u p l i n g  c o n s t a n t

th an  the  o t h e r  d i a s t e r e o m e r .  Th is  a s s i g n m e n t  a g r e e s  w i t h  a-

.mechanism i n v o l v i n g  a ' c o n c e r t e d  n i t r o  s h i f t ,  s i n c e  t h e  s t a r t i n g
* '

d i e n e  i n  t h i s  c a s e  (101)  has  a  ( 2 )  c o n f i g u r a t i o n  a s  shown by i t s  

X-ray  c r y s t a l  s t r u c t u r e .

In  an  a t t e m p t  t o  c o n f i r m  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 ,  s h i f t  r e a g e n t  s t u d i e s  w i t h  E u ( f o d ) 3  were c a r r i e d '  

o u t  on d i e n e s  187 a n d ' 188.  C om plexa t ion  o f  t h e  s h i f t  r e a g e n t  w i t h  

t h e  a c e t a t e  g roup  .was e x p e c t e d  t o  i n d u c e  a g r e a t e r  s h i f t  o f  t h e  6-H 

when t h i s  i s  c i s  t o  t h e  a c e t a t e  ( i . e .  i n  t h e  E i s o m e r ) .  S i m i l a r  

methods have  been s u c c e s s f u l  i n  a s s i g n i n g  s t e r e o c h e m i s t r y  of .  

1 , 4 - d i e n e s .  However t h i s  methqd f a i l e d  t o  p r o d u c e  any c o n c l u s i v e  

r e s u l t s .  The maximum s h i f t  i nduced  by a d d i t i o n  of  one mole 

p r o p o r t i o n  o f  s h i f t  r e a g e n t  was o n l y  ~0.35ppm i n  e i t h e r  

d i a s t e r e o m e r .  S t e r i c  c rowding  on v i c i n a l  c a rb o n s  p r o b a b l y  p r e v e n t e d  

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

a t t e n t i o n  was d i r e c t e d  to  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  by X - ray  

d i f f r a c t i o n  s t u d i e s .  C r y s t a l s ' o f  d i e n e '  190 were found  t o  s u r v i v e  

f o r  an e x t e n d e d  p e r i o d  a t  ambien t  t e m p e r a t u r e  and proved  t o  be 

s u i t a b l e  f o r  X-rqy  d i f f r a c t i o n  s t u d i e s * .  The d iag ra m  o f  t h e

N



100.,

s t r u c t u r e  so d e t e r m i n e d  i s  g i v e n ^ i n  f i g u r e  3 .4  and th e  r e l e v a n t  bond
' ' ' /  ■ . • • . • , 

l e n g t h s  and a n g l e s  a r e  g i v e n  i n  t a b l e s  3 . 5  and 3T6., The s t r u c t u r e
'■ w V • . ■ ÿ’

i n d i c a t e s  c l e a r l y  t h a t  t h e  compound (190)  i s  t h e  Z - d i d s t e r e o m e r .



C4 C3

J-

i n i .

F i g u r e  3 . 4 :  M o le c u la r  S t r u c t u r e  of  < Z ) - 5 - b r o m o - 2 - m e t h y l - 6 -  

n l t r o c v c i o h e x a - 2 . ^ - d l e n y l  a c e t a t e  ( 1 9 0 ) .
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T a b l e  3 .5  

I n t e r a t o m i c  D i s t a n c e s  (A) f o r  190

Atoms D i s t a n c e ■Atoms D i s t a n c e

C(5)  -  Br 1 .8 6  ( 2 ) \ - 0 ( 6 )  ;  0 ( 5 ) 1 .51  (3 )

.  N ( l )  -  0 ( 1 ) ‘ 1.1,7 (2 ) 0 ( 3 )  -  0 ( 4 ) 1 .51  (3 )

N ( l )  -  0 ( 2 ) 1 .22  (3 ) 0 ( 2 )  -  0 ( 3 ) 1 .33  (3 )

C ( l )  1 0 ( 3 ) A 1 .4 6  (2)_. 0 ( 1 )  -  0 (2 ) 1 .5 3  (3 )

C(8) -  0 ( 3 ) 1 .3 6  (3 ) 0 ( 7 )  -  0 ( 2 ) 1 .53  (3 )  '

0 ( 8 )  -  0 (4 ) 1 .1 8  ( 3 ) 0 ( 6 )  y 0 ( 1 ) 1 .5 5  ( 3 ) '

0 ( 6 )  -  N ( l ) 1 .5 3  (3 ) 0 ( 9 )  -  0 ( 8 ) 1 .52  %3)

0 ( 4 )  -  C(?) 1 .3 3  (3 ) ♦

E s t i m a t e d  s t a n d a r d  d e v i a t i o n s  a r e  g i v e n  i n  b r a c k e t s .

T a b l e  3 .6

Bond Angles  ( d e g r e e s )  f o r  190 -

Atoms Angle Atoms Angle

0(8) - 0(3) - 0(1) 116(2) " 0 ( 7 )  -  0 ( 2 )  - 0(1). 118(2)
0(2) - N ( l ) . - 0(1^ 125(3 )  > 0 ( 2 )  - \ 0 ( 1 )  - 0(3) 108(2)
0(6) - N ( l )  - 0 ( 1 )  ' 123 (2 )  ' 0(6) - 0(1) - Q(3) 110(2)

0(6) - N ( l )  - 0(2) , 113(2) , 0 (6 )" . -  0 ( 1 )  - 0(2) 115(2)
0(4) - 0 ( 5 )  - Br 122(2 ) 0 ( 5 )  -  0 ( 6 )  - N ( l ) 108(2)

0(6) - 0 (5 )  r- Br 116(2) ^ 0 ( 1 )  -• 0 ( 6 )  - N ( l ) 110(2)

0(6) - 0 ( 5 )  - 0(4) 122(2) 0(1) - 0(6) - 0(5) 108(2)

0(3) - 0(4) - 0(5) 121(2), ~ 0 ( 4 )  -  0 ( 8 )  - 0(3) 121(2)

'  0(2) - 0(3) - 0(4) 1 2 0 ( 2 ) 0 ( 9 )  -  0 ( 8 )  V 111(2)

0(1) - 0(2) - 0 (3 ) 117(2) 0(9) - 0(8) - .0(4) 128^3)

0 ( 7 ) - 0 ( 2 )  - 0 ( 3 ) 124(2)
E s t i m a t e d  s t a n d a r d  d e v i a t i o n s  a r e  g i v e n  i n  b r a c k e t s
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I t  i s  now p o s s i b l e  t o  e x p l a i n  t h e  s p e c t r a l  d i f f e r e n c e s  i n  

V  t h e  d i a s t e r e o m e r s  f rom t h e  d e f i n e d  s t r u c t u r e .  The a x i a l  o r i e n t a t i o n

o f  t h e  n i t r o  g roup  on C- 6  i s  p r e f e r r e d ,  as  t h i s  m in im iz es  any
■

r e p u l s i v e  i n t e r a c t i o n  w i t h  Çie a d j a c e n t  bromine  atom which i s  ‘
' A . ■ ■

c o p l a n a r  w i t h  C-5 and C-4.  T h i s  o r i e n t a t i o n  o f  t h e  n i t r o  group-
t

. s h o u l d  r em a in  unchanged  i n  t h e  o t h e r  d i a s t e r e o m e r ,  and t h e  a n g u l a r  ’

r e l a t i o n s h i p  be tw een  t h e  a l l y l i c  p r o t o n s  4-H and 6 -H s h o u ld  t h u s

* r em a in  t h e  s^ame. From f i g u r e  3 . 4 ,  these - ' tw o  p r o t o n s  a p p e a r  a lm o s t

c o p l a n a r ,  i . e .  t h e y  a r e  a t  0° t o  e a ch  o t h e r !  The m agn i tude  o f

a l l y l i c  c o u p l i n g  r e a c h e s  a minimum when ^ h e  two p r o t o n s  a r e  e i t h e r

a t  0“ or  180° w i t h  e a ch  o t h e r .  As t a b l e  3 .2  shows t h e r e  i s  no

c o u p l i n g  be tween  t h e s e  p r o t o n s  i n  e i t h e r  d i a s t e r e o m e r .  The a c e t a t e

group  i s  i n  a p s e u d o - e q u a t o r i a l  p o s i t i o n  in  t h e  ( Z ) - d i a s t e r e o m e r  and

t h e  p r o t o p  1-H i p s o  t o  i t  i s  a lm o s t  p e r p e n d i c u l a r  t o  t h e  a l l y l i c  
.

c o u n t e r p a r t  3-H.  In  t h i s  o r i e n t a t i o n  t h e  J j  3  c o u p l i n g  c o n s t a n t  

a p p ro a c h e s  t h e  t h e o r e t i c a l  maximum (3Hz).  I n  t h e  ( E ) - d i a s t e r e o m e r  

t h e  a c e t a t e  g roup  and t h e  p r o t o n  1-H would i n t e r c h a n g e  p o s i t i o n s ,  

which would b r i n g  t h e  a l l y l i c  p r o t o n s  (1-H ,  3-H) a lm o s t  c o p l a n a r  t o  

each  o t h e r  and r e d u c e  t h e  c o u p l i n g  c o n s t a n t .  In  f a c t  no c o u p l i n g  i s  

o b s e r v e d .  The c l o s e n e s s  o f  t h e  m e th y l  g roup  on C-1 t o  t h e  a c e t a t e

g ro u p  on C-1 c a u s e s  an  u p t i e i d  p h i f t  o f  t h e  m e th y l  r e s o n a n c e  i n  t h e
13 ' .

C s p e c t r a  o f  t h e  ( Z ) - d i a s t e r e o m é r s due to  s t e r i c  c row d ing .

The i s o m e r i z a t i o n  o f  d i e n e s  103 and 200 ’-  205 c o n t r a s t s

w i t h  t h a t  o f  t h e  d i e n e s  1 0 0  -  1 0 2  w i t h  r e s p e c t  t o  t h e  o b s e rv e d

s t e r e o s e l e c t i v i t y .  The d i e n o l s  204 and 205 and d i e n e  103 i s o m e r i z e d
1 '

a lm o s t  s t e r e o s p e c i f i c a l l y  and t h e  Ij-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  had no u n e x p l a i n e d  p e a k s .  The ({lenes 200 -  203 . i s o m e r i z e d  

s t e r e o s e l e c t i v e l y .
r
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. ' The d i e n e  103 o l? ta lned  as  t h e  e x c l u s i v e  nonaromat-ic

p r o d u c t  i n  -the,  n i t r a b i o n  o f  a c e t a n i l i d e , 1 1 3  wàs a s s i g n e d  t h e
>■■■ , - « " ■ 1 

( Z ) - c o n f i g u c a t i o n .  The majcJr d i s t i n g u i s h i n g  f e a t u r e  ±h t h e  H-NMR

.spec t rum  of  t h e  i s o m e r i z e d  d i e n e  l ’98 ,w as  t h e  p r e s e n c e  of  a

■ A  g - c g u p l i n g ,  which i s  a b s e n t  i n  any o t h e r  d i e n a .  T h i s  a l l y l i c

' c o u p l i n g  i s  p o s s i b l e  i f  t h e  6-H p r o t o n  ï s  no t  on t h e  same p l a n e  a s

t h e  4-H a lo n g  t h e  C5-C4 d o u b l e  bond,  which %ugg,egts t h e  n i t r o  g roup

i s  p s e u d o - e q u a t o r i a l  and t h e  6-H . p s e u d o - a x i a l .  " I n ”6 t h e r  i s o m e r i z e d

d i e n e s  t h e  n i t r o " % r o u p  was shown t o  p r e f e r  t h e  p s e u d q - a x i a l
/  \  '  '  '  

o r i e n t a t i o n  w i t h  an X-subsXitTuent  on. C -5 .  IX i s  l i k e l y  t h a t

h y d ro g en -b o n d in g  i n v o l v i n g . t h e  amido p r o t o n  and t h é  n i t r o  g roup

l e a d i n g  t o  a s t a b l e  s i x  membered r i n g  a s  shown i n  f i g u r e \ 3 . 5  f o r c e s

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

g r o u p .  The 6-H p r o t o n  i s  XHeh pseudo a x i a l  and i s  t h u s  s p l i t  by t h e

a l l y l i c  p r o t o n  4-H.
' . OAc . '

F i g u r e  3 . 5 :  S t r u c t u r e  o f  .Diene 198.

In  t h e  h e x a h y d r o p h e n a n th r e n e s  217T and 217C,m en tioned
3 -

b e f o r e , t h e  c o u p l i n g  be tw een  t h e  two sp p r ê t o n s  (10a  and 4a)  i s

~9.5Hz i n  t h e  t ran% i som er  217T,  w hereas  i n  t h e  c i s  i som er  t h e  J’ ae
c o u p l i n g  i s  6 .5Hz.  The J   ̂ ^ - c o u p l i n g  c o n s t a n t ’ i n  d i e n e  198 i s

>



>
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2.1Hz .  " T h i s  v a l u e  i s  c l o s e r  t o  J ' t h a n  t o  J  ( F i g u r e  3 . 2 )  and 'a e  aa
. ,  , s u g g e s t s  t h a t  i f ,  t h e  6-H i s  p s e u d o - a x i a l  t h e  1-H i s  pseudo

e q u a t o r i a l .  C o n s e q u e n t l y  t h e ' a c e t a t e  group-^in 198 has  t o  be ^

, j ) s e u d o -a j c i a l  and t h e r e f o r e  e l s '  t o  t h e  n i t r o  g r o u p .  In  t h i s

' o r i e n t a t i o n  t h e  OAc-Me.gauche i n t e r a c t i o n - i s ,  removed b u t  t h e  OAc-NO^

« gauche  r e l a t i o n s h i p  i s  p r e s e r v e d .  Thus d i g n e  19ë has  t h e
» c ' ' .

( Z ) - c o n f i g u r a t i o n  and i t  i s  formed by a s t e r e o s p e c i f i c  c o n c e r t e d  ^

n i t r o  s h i f t  w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n .  • ,

y  , The d i e n o l s  204 and 205 a r e  p r e p a r e d  by

t r a n s e s t é r i f i c a t i o n  o f  d i e n e s  100 and 101 ( c h a p t e r  V) i n v o l v i n g  an
1

A‘ 2 mechanism w h e r e in  Che ( Z . ) - c o n f i g u r a t i o n  i s  r e t a i n e d .  The H-NMR 
Ac , ■

spe c t rum  of  t h e  i s o m e r i z e d  d i en e S  r e s e m b le d  t h a t  o f  t h e

( Z ) - d i a s t g r e o m e r s  187 and 190 i n ' t h a t  t h e r e , i s  no g a l l y l i c

c o u p l i n g  ( t h e r e f o r e  t h e  H-6 i s  p s e u d o - e q u a t o r i a l  and NOg i s

p s e u d o - a x i a l )  and t h e  g. s p l i t t i n g  (7Hz) c o r r e s p o n d s  to  a

v a l u e  and t o  t h e  s p l i t t i n g  o b s e r v e d  i n  t h e  ( Z ) - d i a s t e r e o m e r - S —

( t h e r e f o r e  OH i s  p s e u d o - e q u a t d r i a l ) . C o n s e q u e n t l y  t h e s e ' i s o m e r i z e d

d i e n e s  were  a l s o  formed by t h e  s t e r e o s p e c i f I c  c o n c e r t e d  p r o c e s s .

Th is  can be a n t i c i p a t e d  a s  t h e  c r e s o l s  213 and 215 formed

s i m u l t a n e o u s l y  i n  t h e  i s o m e r i z a t i o n  r e a c t i o n  would s u p p r e s s  t h e  
« ' 

s t e r e o r a n d o m  p r o c e s s .  p - C h l o r o p h e n o l  o r  p - c r e s o l  when p r e s e n t  i n

c a t a l y t i c  amounts  have been shown t o  s u p p r e s s  t h e  s te r e o ra n d o m

p r o c e s s  i n  d i e n e s  100 and 101.  E i t h e r  4 - r a e t h y l a c e t a n i l i d e  (113)  o r

i t s  n i t r o  d e r i v a t i v e  125 c o u ld  p o t e n t i a l l y  a c t  as a s i m i l a r

' i n h i b i t o r  o f  t h e  s t e r e o r a n d o m  p r o c e s s  and e x p l a i n  the, s t e r e o s p e c i f i c
* /

i s o m e r i z a t i o n  o f  d i e n e  103. When a s o l u t i o n  o f  d i e n e  100’ in  

c h l o r o f o r m e d ,  c o n t a i n i n g  0 .2 5  mol p r o p o r t i o n  o f  4 - m e t h y l a c e t a n i l i d e  

(113)  was h e a t e d  a t  60°C for.- 2h,  o n ly  d i e n é  187 was formed.  S i m i l a r  

r e a c t i o n  i n  t h e  p r e s e n c e  of  125 o r  i n  t h e  'absence o’f any a d d i t i v e
■
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y i e l d e d  â m i x t u r e  of  (187)  and ( 1 8 8 ) ,  t h u s  d e m o n s t r a t i n g  t h a t  
-L ' ^

compound 113 b u t  n o t  125 i s  an  e f f e c t i v e  i n h i b i t o r  o f  t h e

s t e r e o r a n d o m  p r o c e s s .
... . «

The major  d i e n e s  206,  208 ,  210 and 211 from 200,  201,
■ . .  .

202 and 203 r e s p e c t i v e l y  were a s s i g n e d  t h e  ( E ) - c o n f i g u r a t i o n  on t h e
1 ^ 1  

b a s i s  o f  t l j e  H-*NMR s p e c t r a  w h ic h  r e s e m b le d  t h o s e  of  t h e  _

( E ) - d i a s t e r e b m e r s  of  f h e  o t h e r  d i S n e s .  Th'e s m a l l  U   ̂ ^ - c o u p l i n g

(2Hz) and t h e  absence  o f  a n y ^ a l l y l i c  J 4  g" and J   ̂ 3 - c o u p l i n g  s u g g e s t
> >

t h a t  b o t h  n i t r o  and t ^ ê  h e t e r o  s u b s t i t u e n t  a r e  p s e u d o - a x i a l  and
*■‘8

a n t i p e r i p l a n a r  tCK^acjv o t h e r .  I n  t h e  i s o m e r i z e d  r e a c t i o n  m i x t u r e s  

t h ^ r e ” was f o r m a t i o n  o f  ^ r e  t h a n  one  d i e n e  bu t  t h e  ( E ) - d i a s t e r e o m e r  

i s  p r e d o m in a n t  ( ~90% o f  n o n a r o m a t i c  p r o d u c t s ) .  As a  c o n s e q u e n c e ,  

. - t h e  ( Z ) - d i a s t e r e o m e r  and t h e  ' ep im er  o f  t h e  s m a r t i n g  d i e n e ,  i f  

f o rm e d ,  r em a in  u n c h a r a c t e r i z e d .  Such a h i g h  s t e r e o s e l e c t i v i t y  i s  

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

i n v e r s i o n ’ o f  s t e r e o c h e m i s t r y  and mus t  p ro ce e d  v i a  a r a d i c a l  p r o c e s s .  

. In  f a c t  when a  s o l u t i o n  o f  d i e n e  200 was h e a t e d  a t  60°C i n  

c h l o r o f o r m - d  c o n t a i n i n g  0 . 3  mol  p r o p o r t i o n  of  p - c r e s o l  f o r  2h,  no

„ i s o m e r i z a t i o n  o c c u r r e d .  Some a r o m a t i z a t i o n  t o  h a l o t o l u e n e s  110 and
'
207 a l o n g  w i t h  f o r m a t i p n  o f  2 - n i t r o - p - c r e s o l  f rom p - c r e s o l  was

f "
e v i d e n t  f rom t h e  H-NMR, s p e c t r u m .  R e a c t i o n  u n d e r  i d e n t i c a l

c o n d i t i o n s  ( 6 Q“G»,, 2h) in%the  a b s e n c e  o f  p - c r e s o l  l e d  t o v t h e

f o r m a t i o n  o f  d i e n e  206 ,  (4^%).  These  o b s e r v a t i o n s  show t ^ t '  t h e

[ 1 ,5 ]  s i g m a t r o p i c  p r o c e s s  i n  d i e n e  ^ 0 , ’ i f  i t  o c c u r s  a c  a l l ,  i s  v e r y

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

t h e  ( E ) ^ d i a s t e r e o m e r  200 .  Dienes 201 ,  202 and 203 a p p e a r  t o  e x h i b i t
115

s i m i l a r  b e h a v i o u r .  A p r e v i o u s  r e p o r t  showing t h a t  t h e s e  d i e n e s  

unde rgo  a -[1]^,5] s i g m a t r o p i c  s h i f t  i s  i n  e r r o r .  . The s t e r e o e l e c t r o i i i c '

»
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i n t e r a c t i o n s  i n  t h e  ( Z ) - d i a s t è r e ô m e r  o f  t h e  i s o m e r i z e d  d i e n e s  c o u ld  

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

\

ZA
■S. ZB

'- s '

EB

F i g u r e  3 . 6 ;  Conformers  o f  ea ch  D i a s t e r e o m e r  o f  l - Y - 5 - X - 2 - 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 e s .

, . The p s e u d o - a x i a l  o r i e n t a t i o p  o f  t h e  n i t r o  g r o u p  i n  d i e n e

190 was a t t r i b u t e d  to  s t r o n g  r e p u l s i v e  i n t e r a c t i o n s  be tw een  t h e
> - 

n i t r o  group  and t h e  v i c i n a l  h e t e r o  atom (X) on C -5 .  I n  d i e n e s  *:

206,  208 ,  210 and 214 t h e  second  h e t e r o a t o m  (*C1 and OMe i n  f i g u r e

3 . 6 )  o c c u p i e s  à p s e u d o - e q u a t o r i a l  p o s i t i o n  i n  c o n f o r m a t i o n  Z-B

l e a d i n g ,  t o  s i m i l a r  s t r o n g  r e p u l s i o n s  a s  t)ie n i t r o ^ a n d  Y . g r o u p s  aire ,

gauche  t o  e a c h  o t h e r .  I n  t h e  o t h e r  c o n f o r m a t io n  ZA t h e  s i t u a t i o n  i s

complyq^ed a s  t h e  n i t r o  gro&p a p p r o a c h e s  c o p l a n a r i t y  w i t h  X and*^

s t i l l  r e m a in s  g a u c h e  t o  Y. In  t h e  ( E ) - d i a s t e t e o m e r ,  c o n fo r m e r  EB

has  t h e  n i t r o , g r o u p  a n t i p e r t p l a n a r  t o  Y bu t  r em a in s  p e r p e n d i c u l a r  t o

X. , The a x i a l  o r i e n t a t i o n  o f  t h e  Y g roup  a l s o  r e l e a s e s  s t e r i c  s t r a i n

be tw een  t h e  m ethy l  g roup  on C-2 .  These  a rg um en ts  would l e a d  t o  t h e

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

be t h e  f a v o u r e d  p r o d u c t .  T h i s  i s  what  was o b s e r v e d  when Y=C1 o r  OMe

b u t  i s  n o t  t h e  c a s e  when Y*OH o r  OAc. Hydrogen bond ing  b e tw e en  t h e

h y d r o x y l  and n i t r o  g r o u p s  which would s t a b i l i z e  t h e  ( Z ) - d i a s t e r e o m e r
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c o u ld \ e x p la iT i  t h e  r e s u l t  f o r  Y=pH, bu t  t h e  Y=OAc g a s e  r em a ins  an

a nom a ly . - • ■

3 . 3 :  Mechanism.of  t h e  Thermal  I s o m e r i z a t i o n .

iHe g e n e r a l  f e a t u r e s  o f  t h e  mechanism I n v o l v e d  In  t h e  .
■w. ' . . '

I s o m e r i z a t i o n  p r o c e s s  emerged f r o #  s m a l l  s c a l e  ( 0 . 1  mmol) r e a c t i o n s  

c a r r i e d  out  In  t h e  p r e s e n c e  and a b s e n c e  o f  r a d i c a l  t r a p s  and an 

i n i t i a t o r .  R e p r e s e n t a t i v e  d a t a . f r o m  t h e s e  r e a c t i o n s  a r e  summarized* 

In  t a b l e s  3 .Y and 3..6.,

. . The amount  o f  a r o m a t i c  p r o d u c t s ,  p a r t i c u l a r l y

4 - X r - 3 - n l t f o t o l u e n e s  122 and 124,  I n c r e a s e s  w i t h  I n c r e a s e  I n  t h e

n u c l e o p h l l l c l t y  o f  the '  s o l v e n t .  T h i s  I s  . e x p e c t e d ,  g l n c e  t;he
, -

s c o n d a ry  hydrogen  6-H,  a t o  t h e  n l t r o  g r o u p ,  Is" a c i d i c  and I s  '
'  '  '  ,  '

r e a d i l y  a b s t r a c t e d  by suc h  weakly b a s i c  s o l v e n t s .  ' Thus, t h e  o v e r a l l  

e l i m i n a t i o n  o f  a e e t l c  a d d  becomes f a s t e r ^  When t h e  I s o m e r l z ^ d  

d l e n e s  187 and 188 I n  p y r l d l n e - d $  were warmed t o  a m b i e n t  t e m p e r a t u r e  

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

The r a t e  o f  d i s a p p e a r a n c e  o f  s t a r t i n g  d l e n e  I n c r e a s e s  

"With t e m p e r a t u r e  b u t  r em a ins  u n a f f e c t e d  w i t h  change  In  s o l v e n t  

p o l a r i t y .  The f a c t  t h a t  t h e  I s o m e r i z a t i o n " r e a c t i o n  o c q p r s  in ,  

n o n - p o l a r  s o l v e n t s  s u c h  a s  c a r b o n  t e t r a c h l o r i d e ,  c h l o r b f o r m - d  and
' . V . . I

benzene  s u g g e s t s  t h a t  a n o n - l o n l c  pa thway I s  I n v o l v e d  I h  t h e
f '  - •

I s o m e r i z a t i o n ' p r o c e s s . Added p - c r e s o l ,  p - c h l o r o p h e n o l ,  t h l o p h e n o l ,  

and 4 - m e t h y l a c e t a p l l l d e  s u p p r e s s  t h e  p r o c e s s  l e a d i n g  t o  e p lm e r l c  

p r o d u c t s ,  b u t  do n o t  s t o p  t h e  I s o m e r i z a t i o n  p r o c e s s .  Thus t h e r e  

a p p e a r s  to  be two d i s t i n c t  p a t h w a ^ ^ b y  which t h e  I s o m e r i z a t i o n  can  

t a k e  p l a c e  v i z : ■ '

a)  A s t e r e o s p e c l f I c  p a t h  v i a  a c o n c e r t e d  [ 1 , 5 ] - s l g m a t r o p l c  s h i f t  of  

t h e  n l t r o  g r o u p ;  *

\



T a b l é  3 . 6  Examples  f rom t h e  I s o m e r i z a t i o n  o'f D l e n e s .

- n  ^  -Y

N
Number X Y S p l v e n t  Temp 

°C

Time

h

A d d i t i v e  

mol  p rp

A A > X X X X

't ■ ' '
/  1 '

1 0 1 Br OAc CDCI3 60 2 p - c r e s o l  0 . 2 5 73 — • • 27

190 ' Bt OAc CDCig 6 0 2 p - c r e s o l  0 . 2 5 1 0 ■ -  ‘ 90 - %

191 Br OAc CDCi ' 3 60 2 p - c r e s o l  0 . 2 5 — 1 1 1 . - 82 . — 7 ■ :

2 0 0 Br Cl CDCI3 60 2

>
p - c r e s o l  0 . 2 5 > ^ 5 -  . a • — .—

1 0 0 Cl OAc AcgO-dg 60 1 1  1 7 a 33
Y  '  

29 .

- 27

'  1 0 0 0 1 OAc CH3 NO2 60 18 ; 6 a 21 15 ■ ' .

1 Ô0 , Cl OAc CD3 CN 60 2 -  • 65 a . 1 2 1 2 1 1  ,

■ 1 0 0  ' Cl ' OAc CD3 CN 60 18 - — - — . - 1 0 0

1 0 0 C l ' QÂC CDCI-3 ACz O ( 9 \
• V ■ • ■ ■ 

\

60 . 9 25 a 30 / 30

1 0 0 Cl OAc C C 1 % 72 3 - 27 a . 31 ■ 31 - * '

1 0 0 ' c i  ■ OAc 60 4 4 28 a ' 31 . 31 a a

1 0 0 Cl vOAc 75 1 . 5 - 25 a. • 33 33 9 -

'

* , %

'
T g

tt
c : ,  %



1 1 0 ;

T a b le  3 . 7  Examples  f rom t h e  I s o m e r i z a t i o n  o f  D lenes  i n  CDClj i n  t h e

P r e s e n c e  o f  A d d i t i v e s .

' _ P e r c e n t a g e P r o d u c t s

J Temp °C Time A d d i t i v e

mdl p r o p ' 100 . 189 187 188 186

100 50 4h b 0 .25 ■ ■ 55 — r ■ 45 - -

100 50 9,h c 0 .2 5 53 - 47- — -

100 70 ' 3 . 5 k ■ d 0 .2 5 2 3 .5 a 28 28- 20-

100 ,'60 1 .5 h e 0.25 . 56 . a ■ 26 17 -

100 60 7h. f  0 . 2 5  ■ 55 45 - -

100 60 2h g 0.25 45 a 30 25 . -

l o o ' 70 lOh h 1 .00 28 46 - 26
100 70 5 .5h h 0 . 5 0 31 • - - 62 - 7 '

100 70 7h - h ' 0 . 2 5 25 - .55 ■ - lO i

100 60 2h h 0 .2 5 75 - 25 - • —

187 GO 2h, h 0 .2 5 . 9 - ■ 91 — -

188 60 2h h 0 . 2 5 - .12 - 76 13

a = t r a c e s  o f  t h i s  compound were d e t e c t e d  bu t  I n t e g r a t i o n  was n o t
r .p o s s i b l e ;  b ® t h ^ ^ h g n o l ;  ç  = p - c h l o r o p h e n o l ;  d = m e s i t y l e n e ;

e = benzioyl p e r o x i d e ;  f  = 4 - m e t h y l a c e t a n i l i d e ;
.

g = 4 - m e t h y l - 2 - n i t r o a c e t a n i l i d e ;  h^= p - c r e s o l ;  i  =' 10% of  122 was a l s o
■ ‘ f .  ■ '  ' ' '  c

formed.  ‘ ' T
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g b )  A r a d i c a l  p a t h  l e a d i n g  t o  bot] i  e p l m e r i z a t i o n  and  i s o m e r i z a t i o n .

The 1 , 5 - s l g m a t r o p i c  r e a r r a n g e m e n t  o f  Che n l t r o  g ro u p  i n  a ■

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

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

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

T r a n s f o r m  — 250 MHz NMK i îT sc rument .  TUe p l o t s - o f  l o g  (Aq-A^) /(A"A^)  

(where  A^ = i n i t i a l  c o n c e n t r a t i o n  o f  s t a r t i n g  d i e n e ,  A^ = e q u i l i b r i u m  

c o n c e n t r a t i o n  o f  s t a r t i n g  d i e n e ,  A = c o n c e n t r a t i o n  ^  s t a r t i n g  d i e n e  a t  

. t im e  t  m in s )  a g a i n s t  t i m e ,  t  m i n u t e s ,  gaveZ^ood c o r r e l a t i o n
' •

c o e f f i c i e n t s  ( 0 . 9 8 + 0 . 0 1 )  and a r e  shown i n  f i g u r e s  3 . 7  t o  3 . 1 0 .

2.47

In

1.27.

109

. t i m e  (m in )

- 3  - 1
S lo p e  = 3 .4 x 1 0  min  ; C o r r e l .  C o e f f .  = 0 . 9 9 ;

■ - 3  - 1  - 3  - 1  ■
K .= 2 . 5 ;  k ,  = 2 .4 5 x 1 0  ' min ; k  , = 0. .95x10 m in  . eq

3 . 7 :  P l o t  o f  l n ( A n -  A ) / ( A  ■- A ) v s .  t im e  (m in )  f o r  t h e
_ e—' ~  e ,

I s o m e r i z a t i o n  o f  D ie n e  100 i n  t h e  p r e s e n c e  o f  p - c r e s o l  a t  58.5°.C.

■Q



112.

In
3.26

163

218 109656

t i m e  ( m i n )

..3 ,
S l o p e  = 4 .5 9  X I'D ; C o r r e l .  C o e f f .  = 0 . 9 9 ;  = 2 . 9 ;

- _3 - 1  ^ ^ - 3  -.1
k j  = 3 . 4  X 10 min ; '  k_ j  =* 1 .2  x  10 min

F i g u r e  3 .8  P l o t  o f  I n  (An ~ ) / ( A  ) v s .  t im e  (min )  f o r  t h e

i s o m e r i z a t i o n '  o f  d i e n e  101 i n  p r e s e n c e  o f  p - c r e s o l  a t  5 8 .5 °C

4:64

1.21

.60

18.083.6 50.0

- 3
S l o p e  °  4 . 3 8  X 10 ; C o r r e l .  C o e f f .  = 0 . 9 9 ;  K = 6 . 3 4 ;

- 3  - 1  -1
k -  3 .26x10  min ; k “  1 .12x10 min . -

1 - 1  

F i g u r e  3 . 9  P l o t  o f  I n  (An -  A ) / ( A  -  A. ) v s .  t i q e  (m in )  f o r  t h ë

i s o m e r i z a t i o n  o f  d i e n e  190 i n  p r e s e n c e  o f  p - c r e s o l  a t  5 8 .5 °C



.113.

y

'1.04’■
In ^ 0 ^  

A - A e

0.52

83.6

t i m e  ( m m ) —

' ■ - 3  -1
S lo p e  3.7.1x10 min 

_’3 - 1
= 1 ,0 6x10  min ;

C o r r e l w  C o e f f . .  = 0 . 9 9 ;  % = 0 . 4 ;
_3 ^ -1

k  1 = 2 .6 5 x 1 0  min

F i g u r e  3 . 1 0 :  P l o t  o f  In  ÇA^ -  A^) /(A-A^  ) v s .  t im e  (m in )  f o r . t h e

i s o m e r i z a t i o n ' o f .  die 'ne 137 i n  t h e  .p r e s e n c e  o f  p - c r e s o l  a t  5 8 .5 ° C .

• I d e n t i c a l  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  were o b t a i n e d  f o r  

t h e  i s o m e r i z a t i o n  r e a c t i o n s  .of d i e n e a  100 arid 187 and of  d i e n e s  .101 

and 190,  c a r r i e d  o u t  i n  t h e  p r e s e n c e ' ' o f  p - c r e s o l  a t  58.5*C i n  

c h l o r o f o r m —d , • as  shown i n  e q u a t i o n s  3 .1  and 3 . 2  r e s p e c t i v e l y .

, , 0 A [

CDCI3 . j  '  2-9

p - c r e s o l  (O .25m ol  p r o p n . )

190

CDCI3 , 5 8 .5 ° C ,  K* "  2 . 5  • j  eqrt.
Q  p - c r e s o l  ( 0 . 2 5  mol p r o p n . )

1 0 0  •

( 3 . 2 )

Cl
187



'  '  '  '  '

The p l o t s  o f  p e r c e n t  p r o d u c t '  a g a i n s t  t im e  f o r  d i e n e s  10Û

and 186 i n  t h e  a b s e n c e  o f  any t r a p p i n g . a g e n t  a r e  g i v e n  i n  f i g u r e s

3 .11  and 3»14 .  From t h e s e  p l o t s  i t  c an  be. seen, t h a t  a f t e r  a p e r i o d
%

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

t h e r e  i s  a g r a d u a l  d e c r e a s e ,  accompanied by an  i n c r e a s e  i n  t h e  

c o n c e n t r a t i o n  o f  a r o m a t i c  a c e t a t e .

However , i f  we i g n o r e  t h e  a r o m a t l z a t i o n  r e a c t i o n  and

e x p r e s s  t h e  c o n c e n t r a t i o n  o f  ea ch  d i e n e  a s  a f r a c t i o n  o f  t h e  t o t a l
■ ■ •

c o n c e n t r a t i o n  o f  d i e n e s ,  t h e  p l o t s .  3'.15 t o  3 . 1 8  do not  show t h e  

d e c r e a s e  from t h e  p l a t e a u  bu t  t h e  l e v e l l i n g * o f f  i n  the  c o n c e n t r a t i o n  

S t i l l  r e m a in s ,  ^



1 1 5 .

Symbol Compound 

100

M-

f  20-
CL

10-

1000600400200

0
A

X

•

I

186

187

188 

189

t im e  (min )

F i g u r e ' 3 . 1 1 :  P l o t  o f  p r o d u c t  c o m p o s i t i o n  v s .  t im e  (min)  f o r  t h e  

i s o m e r i z a t i o n  of  d i e n e  100 i n  CDClg a t  3 8 .5 °C .

Symbol Compound 

0 100

JO-

I I 20-

<u
<u
CL

. 300

t im e  (min)

*

y

186

187 .

188 

189

F i g u r e  3 . 1 2 ;  P l o t  o f  p r o d u c t  c o m p o s i t i o n  v s .  t ime  (min )  f o r  t h ^  

i s o m e r i z a t i o n  of  d i e n e  188 i n  CDCfs a t  : 5 8 . 5 “C.



Symbol
40-

w  20-

300 ■

t im e  (min)  +
200100

116;

Symbol Compound 

101

190 .

191

192

193

F i g u r e ' 3 . 1 3 :  P l o t  o f  p r o d u c t  c o m p o s i t i o n  v s .  t ime  ( m i n u t e s )  f o r  t h e  

i s o m e r i z a t i o n  o f  d l e n e  101 ln.CDCl% ac 58 .5*C.

Symbol Compound 

-  O 101

X ‘ 1901~

• ■ 191

* 192 '

>  A 1^3

30-

A

r

500

t im e  ( m in ) '  +

F i g u r e * 3 . 1 4 :  P l o t ' o f  p r o d u c t  c o m p o s i t i o n  v s .  t im e  ( m i n u t e s )  f o t  t h e *
t  . ..  : , : :

i s o m e r i z a t i o n  o f  d i e n e  191 j n  COC^ a t  5 8 . 5  C



Symbol • Compound

600 600 

t i m e ( m i n )

F i g u r e  3 . 1 5 :  P l o t  o f  p e r c e n t  o f  d l e n e s  a s  a f r a c t i o n  o£ t o t a l  d i e n e  

c o n c .  i n  t h e  i s o m e r i z a t i o n  o f  d i e n e  100 i n  CDCl^ a t  58.5°G«

* , '
. ■ ♦ , ' " Symbol Compound

0-  100

X 187

,  188

I 18920-

CJu

CL

200 300

'  t i m e  ( m i n )  — o .
400400

F i g u r e  3 . 1 6 ;  Plo t :  o f  mol p e r c e n t  o f  d i e n e s  a s  a f r a c t i o n  o f  t o t a l  

d i e n e  c o n c .  i n  Che I s o m e r i z a t i o n  o f  d l e n e  188 i n  CDCl^ a t  5 8 .5  C.



50-

r

io-

10-

100 200 300 500400

1 1 8 .
t

Symbol Compound 

0 ■ 101

* 190

• 191 

192

 ̂ Time ( i n  m i n ) ------o  .

F i g y r e  3 . 1 7 :  P l o t  o f  mol p e r c e n t  o f  d i e n e s  a s  a  f r a c t i o n  o f  t o t a l  

d i e n e  c o n c .  i n  t h e  i s o m e r i z a t i o n  o f  d i e n e  101 i n  ODClq a t  5 8 .5 ° C .

Symbol Compound

30-r

■g 20-

ID -

sAo

0

X

101

190

191

192

t im e  ( i n  m in ) -----

F i g u r e  3 . 1 8 ;  P l o t  o f  mol p e r c e n t  o f  d l e n e s  as  a f r a c t i o n  o f  t o t a l
 ̂ é

d i e n e  c o n c . i n  t h e  i s o m e r i z a t i o n  o f  d i e n e  191 i n  CDC1-, a t  58 .5*C .
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I t  i s  e v i d e n t  f rom f i g  3 . 1 5 - 3 . 1 8  t h a t  e q u i l i b r i u m  between  

t h e  f o u r  d ie f i e s  l ias n o t  been  a c h i e v e d  even  a f t e r  500 min r e a c t i o n  

t i m e .  Because o f  t h e  i r r e v e r s i b l e  a r o m a t l z a t i o n  p r o c e s s  ( t o  the  

a r y l  a c e t a t e )  e q u i l i b r i u m  may n e v e r  b# a c h i e v e d .  H ow e ^^  i to - i s  

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

r e a c t i v i t i e s  and s t a b i l i t i e s  o f  t h e  d i e n e s  f rom f i g  3 .1 5  to  3 .18  

v i z :

i )  The c o n v e r s i o n  o f  a  d i e n e  i n t o  i t s  1 , 5 - r e a r r a n g e m e n t  p fo d u c t  of  

t h e  same s t e r e o c h e m i s t r y  i s  f a s t e r  t h a n  any o t h e r  p r o c e s s  and t h i s  

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

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

i i )  The 5 - X - 2 - 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 e s  a p p e a r  t o  be 

t h e r m o d y n a m ic a l ly  more s t a b l e  t h a n  t h e

3 - X - 6 - m e t h y l - 6 - n i t r o c y c l o h e x a - 2 , ^ - d i e n e s  ( t h e  r e a c t i o n s  c a r r i e d  ou 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 s  show t h a t  t h i s  i s  c e r t a i n l y  t r u e

f o r  t h e  ( Z ) - i s o m e r s ) .

The e f f e c t  o f  p - c r e s o l  and o t h e r  a g e n t s  which i n h i b i t  t h e

r a d i c a l  r e a c t i o n  i s  c a t a l y t i c .  I n  t h e  absence ;  o f  any added

c a t a l y s t ,  i n h i b i t i o n  o f  t h e ' r a t e  o f  r e a c t i o n  by s m a l l  p r o p o r t i o n s  o f
122

a d d i t i v e s  i s  d i a g n o s t i c  of  a c h a i n  r e a c t i o n

I t  i s  p o s s i b l e  t h a t  d i s s o l v e d  oxygen 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  c o u ld  a c t  an an i n i t i a t o r  and t h e  r a d i c a l  t r a p s  

m e r e ly  behave  as  a n t i o x i d a n t s .  P h e n o l s  and amines a r e  known to  

f u n c t i o n  as  a n t i o x i d a n t s  and i n h i b i t o r s  i n  c h a i n  p r o c e s s e s .  I f  such 

a p r o c e s s  was o c c u r r i n g  t h e n  added p e r o x i d e s  would i n c r e a s e  t h e  r a t e  

o f  i s o m e r i z a t i o n ,  b u t  when a s o l u t i o n  o f  d i e n e  100 and b e n z o y l  

p e r o x i d e  ( 0 .2 5  mol p r o p o r t i o n s )  i n  c h l o r o f o r m - d  was h e a t e d  t h e r e  was 

no n o t i c e a b l e  change  i n  t h e  r a t e  o f  d i s a p p e a r a n c e  o f  d i e n e  100. The



120.
the

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

r e a c t i o n s  w i t h o u t  any a d d i t i v e .  T h i s  i m p l i e s - . t h a t  oxygen does  n o t  

a c t  as  an i n i t i a t o r  i n  thjLs mechan ism.  C r e s o l s ,  added t o  i n h i b i t  

t h e  r a d i c a l  p r o c e s s ,  a r e  s lo w ly  C o n v e r te d  t o  n i t r o c r e s o l s  o v e r , a  

p e r i o d  of  t im e  and when ho c r e s o l  r e m a in s  t h e  r e a c t i o n  becomes 

s te r .eorandom.  Thus  when a s o l u t i o n  o f  t h e  ( E ) - d i e n e  191 was 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 ,  t h e  r e a c t i o n  r e m a in e d  s t e r e o s p e c l f i c  

f o r  t h e  d u r a t i o n  o f  4h ,  d u r i n g  which p e r i o d  t h e  p - c r e s o l  became
V.

c o m p l e t e l y  co n v e r  t e d  t o  2 - n i t r o - p - r c r e s o l .  A f t e r  t h i s  t im e  t h e

r e a c t i o n  became s t e r e o r a n d o m  and  t h e  d i e n e s  190 and 101 b e l o n g i n g  to
!

th e  (Z) s e r i e s  were formed.  , -,

The C-NO2  bond i n  n i t r o m e t h a n e  i s  weaker  t h a n  t h e  C-X 

bond I n  o t h e r  m e thy l  compounds as  shown i n  t a b l e  3 . 9 .

T a b le  3 . 9 ;  Bond S t r e n g t h s  (D) o f  M e thy l  D e r i v a t i v e s  i n  |<J/mol .

Bond D , ^ R e f

CH3 -H 4 3 5 . 1 123a

CH3 -OH 380.7 123a '  •

CHj-OAc 37 6 .6 123a

CH3 -CI 351 .5 123a

CH3 -OCH3 33 8 .9 123a

CH3 -Br 292 .9 123*

CH3 -NO2 239 .7 123b

A l i k e l y  r a d i c a l  c h a i n  p r o c e s s  f o r  e p i m e r i z a t i o n  and i s o m e r i z a t i o n  

o f  t h e  d i e n e s  wodld i n v o l v e  f i s s i o n  o f  t h e  C-NO2  bond i n  t h e  

i n i t i a t i o n  s t e p  and t h e  o v e r a l l  mechanism c a n  be r e p r e s e n t e d  a s  i n  

scheme 3 . 8 .  *



I n i t i a t i o n

P r o p a g a t i o n
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The a t t a c k  o f  NO*2  on  t h e  d i e n e  d u r i n g  p r o p a g a t i o n  s h o u ld  t a k e  p l a c e  

a t  t h e  s i t e  o f  h i g h e s t  e l e c t r o n  d e n s i t y  v i z .  t h e  c a rb o n  (C-2)  

v i n y l i c . t o  t h e  e l e c t r o n  d o n a t i n g  h e t e r o a t o m  X, i n  t h e  c a se  

3 - X - 6 - m e t h y l - 6 . * h i i t r o c y c L o h e x a - 2 , 4 - d i e n e s . When t h e  a t t a c k  t a k e s  * 

p l a c e  on 5 - X - 2 - 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 e s ,  i&  s h o u l d ' b e  a t
'♦ "■ A.

C-2 which ,  b e i n g  t h e  t e r m i n a l  c a rb o n  of  t h e  c o n j u g a t e i ^ i e n e  s y s t e t t

and f a r t h e s t  f rom t h e  h e t e r o a t o m ,  s h o u ld  have  t h e  l a r g e s t :

c o e f f i c i e n t  i n  t h e  HOMO. T h i s  e x p l a i n s  t h e  r e g i o s e l e c t i v i f y  '

o b s e r v e d  i n  t h e  r a d i c a l  p r o c e s s .  S in c e  t h e  a d d i t i o n ' " o f  *N0o to_th@ -
'  ;  "

d i e n e  l e a d s  t o  th.e r e g e n e r a t i o n  o f  NÔ . i n  t h i s  s t e p ,  t h e s e  s t e p s  % % 
r* . V '

' c o n s t i t u t e  a  c h a i n  p r o c e s s .  '

Apt.
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The c o n t r i b u t i o n  to w a rd s  t h e  r a d i c a l  p r o c e s s  may n o t  be

e q u a l  f rom a l l  s e t s  o f  r e g i o i s o m e r s , , t h a t  i s  t o  s a y  e p i m e r i z a t i o n

would o c c u r  p r e d o m i n a n t l y  f rom e i t h e r  3 - X - 6 - m e t \ y l - 6 - n i t r o c y c ’Tohexa-
^ . ' . .

- 2 , 4 - d i e n e s ,  o r  f rom 5 - X - * 2 - m e t h y l - 6 - n i t r o ç y c l o h é x a - 2 , 4 - d i e n e s  s i n c e  

t h e s e  a t & r i n t e r c o n v e r t i b l e  Via t h e  s i g m a t r p p i c .  s t e p  r e a c & i o n .  

E p i m e r i z a t i o n  of  t e r t i a r y  n i t r o , c o m p o u n d s  v i â  t h e  n i t r o g e d  d i q ] x i d e  

.‘ r a d ' i p a l  i s  known bîit t h e  s i m i l a r  p r o c e s s  a t  a  s e c o n d a r y  c a rb o n  i s  

■■*not known. H a r t s h o r n  and c o w o r k e rs  r e p o r t e d  t h e  e p i ^ e ’r i z a t i o n ,  o f  

' t h e  c i s - d i n i t r o c o m p o u n d  22,1C o b t a i n e d  from t h e  n i t r a t i o n  of  

r 3 , 4 , 5 - t r i b r b i p o ' r 2 , 6 - d i m e t h y l p h e t i o l  (220)  t o  22 I T ' u n d e r  t h e r m a l  

^ c o n d i t i o n s  and proposed" a mechanism i n v o l v i n g  a ' ' ^

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  o f  n i t r o g e n  d i o x i d e  w i t h i n  a s o l v e n t  c,age
‘ • ■ ' *

"(221A) as  shown i n  scheme 3 . 9 .  . .

■f*
%

* *

221T ’

" S c he m e ^3.9

' The f o r m a t i o n  o f  n i t r o c r e s o l  168 from p - c r e s o l  ( ^ 2 )
'V ■ ’  ̂  ̂ '
.and i t s  r o l e  a s  an i n h i b i t o r  can  b e ' e x p l a i n e d  lay t t ie s t e p w i s e  

roechaniqm-phown, i n  sdheme 3' .10. ,  .

',-s ■■ ■ t
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if i e r
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223 168

, Scheme 3 .1 0  . i ' ̂ . . .  ,ny

A dded- m e s i ty le n è ^ o r  c r e s y l  a c e t a t e ' s  (186 , '1 93 , 197) formed a s
• V , : ' '

p r o d u c t s  do n o t  i n h i b i t  t h e  e p i m e r i z a t i o n  p r o c e s s .  Even i f  t h e s e
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a r e  s u f f i c i e n t l y  r e a c t i v e  t o  t r a p  NO2 , t h e y 'm u s t  be l e s s  r e a c t i v e  

t h a n  t h e  d i e n e ,  w h ereas  t h e  p h e n o l  i s  more r e a c t i v e  th a n  t h e  diene-..

T h e ^ n i t r o c r e s o l  168 o b t a i n e d  i n  t h e  i n h i b i t e d  

i s o m e r i z a t i o n  can  be fo rm ed  by d i r e c t  c o m b in a t io n  o f  t h e  c re s o x y  

r a d i c a l  212A and t h e  NOÔ a s  i n  s t e p  ( b )  o r  v i a  n i t r o s a t i o n 'by 

n i t r o u s  a c i d . f o l l o w e d  by o x i d a t i o n  a s  i n  s t e p s  ( c ) . a n d  (d ) ._  The 

o v e r a l l  s t o i c h i o m e t r y  how ever demands t h a t ,  i r r e s p e c t i v e  .of t h e  mode 

of n i t r a t i o n , ■t h e  amount o f  n i t r o c r e s o l  168  s h o u ld  be e q u a l  t o  t h e  

amount of 4 - X - 2 -Y - to lu e n e  fo rm e d ,  p ro v id e d  t h a t  t o lu e n e  i s  th e  o n ly  

p ro d u c t  o f  th o s e  r a d i c a l s  ’ y w h ich  a r e  n o t  c a p tu r e d  by NO2 * I f  

t h e r e  i s  some -escape  o f  NO2  f ’tom t h e  sy s tem  t h e  amount o f  t o lu e n e  

c o u ld  exceed  th e  n i t r o c r e s o l .  b u t  c o u ld  n o t  be l e s s .  T h is  a g re e s  

with, o b s e r v a t i o n ,  % e h  a s o l u t i o n  o f  d i e n e  100 i n  c h lo r o f o rm -d  was 

h e a te d ,  in  p r e s e n c e  o f  p - c r e s o l  ( 0 .2  mol p r o p o r t i o n ) ,  f o r  16h, 28% of 

i t  underw ent n i t r a t i o n  and  t h e  r a t i o ' o f  n i t r o c r e s o l  1^8 and  c r e s y l  

a c e t a t e  186 was 1 : 1 . 7 5 .  S i m i l a r  r e s u l t s  were o b t a i n e d  from o t h e r  

d i e n e s .

The f o r m a t io n  o f  4 - X - t ç l u e n e  accom pan ies  t h e  

• i s o m e r i z a t i p n . r e a c t i o n s  i n  c e r t a i n  c a s e s  and as  s h a l l  be s e en  l a t e r  

i t s  f o rm a t io n  becomes more, im p o r ta n t  a t  e l e v a t e d  t e m p e r a t u r e s .

There  a r e  two p o s s i b l e  pa thw ays  l e a d i n g  t o  fo rm a t io n  of 4 - X - to lu e n e

'■ V iz  :

1) e j e c t i o n  o f  Y* from t h e  i n t e r m e d i a t e  r a d i c a l  218 a s  i n

scheme 3 .1 1 .
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i i ) '  p r e f e r e n t i a l  h e m o ly s is  of th e  C-Y bond p r i o r  -t's 

c le a v a g e _ o f  n l t r o  g ro u p  fo l lo w e d  by e j e c t i o n  o f  NO2  as i n  scheiie  

3 .1 2  . '

l-

s 224
Scheme 3 .1 2

ND2  /

E i t h e r  o f  . th ese  two p r o c e s s e s  i s  im p o r ta n t  w h e n . th e  C-Y bond i s  o f
:

com parab le  e n e r g y  to  t h e  C-NO2  as  t s  t h e  c a s e  when Y=Br. Thus when 

a s o l u t i o n  o f  ( Z ) - 3 - c h I b r o T 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  

brom ide (225) in  b e n z e n e -d g  was h e a te d  t o  80°C, 4 - c h l o r o t o I u e n e  

(111) was, formed w i t h i n  30 m in u te s  and no i s o m e r iz e d  d i e n e  was 

d e t e c t e d .   ̂ ' . • v

^When X i s  a s t r o n g  e î e c t r q n  d o n a t in g  g ro u p  i t  can  .
's t a b i l i z e  t h e  r a d i c a l  224 and f a c i l i t a t e  t h e  h o m o ly s i s - o f 'C - Y  bond 

(schem e 3 . 1 2 ) .  The r a d i c a l  218 formed by c le a v a g e  o f  t h e  NO2  g ro u p
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has  no r e s o n a n c e  c o n t r i b u t i o n  from t h e  X g r o u p .  When X=NHCOMe t h i s  

a p p e a r s  t p  be  a n  im p o r t a n t  pathw ay a s  d i e n e  l O ï  y i e l d s -  58%

4 - m e t h y l a c e t a n i l i d e  (113 )  a f t e r  3 0 p in  a t  60°C, however a t  0"C t o  

-‘ 20*’C t h e  am ount o f  113 i ë  c l o s e  to  z e ro . .

The r e a c t i o n s  o f  d f e n e  102 from  4 - m e t h y l a n i s o l e  (1 1 2 )  

\ l e a d  t o  a com plex  m ix t u r e  o f  p r o d u c t s  a s  shown i n  scheme 3 .1 2  and 

3 .1 3 .

NO,

,,OAc

■

CDCl.

+

' OMe 
,  *
. 102

0M e(3 .60?  OMe(3,61)

9%,102 7%, 196

^OAc
+

OMe( 3 .6 4 )  

9% 194

,,OAc

NO'

OMe( 3 .6 7 )  

15%, 19?

OMe ( 3 .7 7 )  

9%t 197

NO,

MeO 0M&C3.26)  

14%, 226

)H - OMe( 3 .9 3 )  

30%, 4%,. 116 

168

0M e(3 .7 8 )  

3%, 112

102 GO'C, 15 h
(102 +194 +  195 +  196) 18%

■ p lH î l s o l ,  ( Ô T i T W  p ro p n  . T ' + C226) 28% +  U 6 8 >  33 %r

+ (197 112 +  116) 21%

Scheme 3 .1 3

* The f i g u r e s  i n  d i e  b r a c k e t ^  a r e  t h e  c h e m ic a l  s h i f t s  o f  OMe w hich  

was u s e d  t o  d e te rm in e ,  p r o d u c t  r a t i o .
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The fo rm a t io n  ç f  d i e n e s  1 9 4 -196 , a c e t a t e  197 and a n i s o l e s  112 and 

116 can  be e x p la in e d  from  th e  i s o m e r i z a t i o n  r e a c t i o n s  and r e l a t e d  

a r o m a t i z a t i o n s  d i s c u s s e d  i n  t h e  p r e c e d in g  s e c t i o n s ,  b u t  t j ie  p r o d u c t s  

226 and 168 c a n n o t  be a c c o u n te d  f o r  by s i m i l a r  p r o c e s s e s .  The 

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

I n s t e a d  in '  i t s  p r e s e n c f t h e  amount o f  p r o d u c t s  226 and 168 

i n c r e a s e s .  Acid cajtalyse<i r e a c t i o n s  on d i e n e  102 , d i s c u s s e d  in  t h e
* A

n e x t  c h a p t e r ,  have  shown c h a t  t h e  n i t r o c y c l o h e ^ d i e n y l  c a t i o n  102A i s  

formed r e a d i l y  unde r  m i l d ly  a c i d i c  c o n d i t i o n s  and can be t r a p p e d  by

v a r i o u s  n u c l e o p h i l e s  l e a d i n g  tro 1 , 4 - d i e n e s  o f  t h e  ty p e  226. T h is
• ^ 

r e a c t i o n  i a  a u t o c a t a l y t l c  s i n c e  a c e t i c  a c id  and n i t r o u s  a c i d ,  formed

in  t h i s  r e a c t i o n ,  a i d  t h e  d i s s o c i a t i o n  o f  th e  d i e n e .  In  t h e  p r e s e n t

c a s e  a s i m i l a r  m echanism, shown in  scheme 3 .1 4 ,  can  e x p l a i n  t h e

p r o d u c t s  226 and 168.

-H O A c

NOz

OMe

, 102A

+ M eO H

M eO  OMe 

226

-M eO H

H O  OMe

Scheme 8 .1 4

OH
168

In  scheme 3 .1 4  t h e  p ro to n  s o u rc e  c o u ld  be t r a c e s  o f  w a te r  p r e s e n t

I :
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i n  t h e  sy s te h i ,  which would a l s o  a c c o u n t  f o r  th e  n u c le o p h ' i l i c  a t t a c k  

i n  t h e  second  s t a g e .  The m e th a n o l  fqrm ed i n  th e  f i n a l  s t e p  com petes  

as  a n u c l e o p h i l e  i n  t h e  s u b s e q u e n t  s t a g e s  and l e a d s  to  k e t a l i z a t i o n .  

The p - c r e s o l ,  when p r e s e n t  i n  t h e  s y s te m , a c t s  a s  a  p r o to n  s o u r c e  

and' th u s  a i d s  t h e  p r o t o n a t i o n  and l o s s  o f  HOAc le a d in g  to  io n  102A 

and , i n , . t u r n ,  168 and 226. Â p o s s i b l e  e x p l a n a t i o n  f o r  t h e  f a i l u r e  

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

sys tem  i s  more r e a c t i v e  to w a rd s  NO2  t h a n  i s  p - c r e s o l .

C y c lo h e x a d ie n e s  and c y c lo p e n ta d i e n e s  a r e  known to  

r e a r r a n g e  v i a  a [ 1 , 5 ) - s i g m a t r o p i c  s h i f t  of, s u b s t i t u e n t  as shown in  

scheme 3 .1 5  and scheme .3 .1 6 .

/

h e p ta n e

227A

1 0 0  2 0 0 C 

X =  CHO.COOM e", COMe

j- Scheme 3 .1 5

Ref 125

228A

E

s

E = CO bM e .
'"^Scheme 3 .1 6

2288
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C o m p l ic a t io n s  a r i s i n g  from c o m p e t i t i v e  r a d i c a l  c h a in  p r o c e s s e s  haye

a l s o  been r e c o g n iz e d  i p  some c a s e s .  T h e rm o ly s is  o f  d e u te r iu m  , .

s u b s t i t u t e d  1 ',S , 5 - t r i m e t h y l c y c l o p e n t a d l e n e  (229)  f o r  lo n g  per^.pds* o f

t im e  led .  t o  d e u te r iu m  s c r a m b l in g  a s  shown In  scheme 3 .17 , w h ic h 'w a s  _ 
‘ ,  127. '  /

e x p la i n e d  b y ;a  r a d i c a l  c h a i n  p r o c e s s  . ' . - _

90.5%

350 C 

20 m in

0.4%

Scheme 3 .1 7

//

d ,

229B / 

23.0% 

60.0% 

15.4%

2,oi
\

‘V /

Ref 127

r

There  I s  a , r e l a t i v e  p a u c i t y  o f  c l e a r - c u t  exam ples  o f  h ep é ro a to m  

s ig m a t r o p iç  m i g r a t i o n .  The, known e x a m p les  o f ^ n l t r o  g ro u p  I n v o lv e d  

I n  I l , 5 ] - s h l f t  a r e  t h o s e  In  t h e  d i -  and  t r l a z o l e  sy s tem s  as  shown i n  

scheme 3 .1 8  • '  -

I N— NO2

230A

230B

2 3 0 0

Scheme 3.18 Ref 128

-
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The I n c e r m e d l a t e  se c o n d a ry  n i t r o  compounds r e a d i l y  ^
' _ V ' ' '  i ' ^

■ u nde rgo  ;a >5],-hydrogèn  s h i f t .  ̂ ffle b e h a v io u r  of" y
' . ' ' /  '  ' . '  76

i p s o  — n i t r e c y c l o h e x a d i e n e s  d e s c r i b e d  iÆr.e and by Bapat i s
■ . - ' ' - f  ' ' '

u n i q u e  i n  t h a t  t h e s e  a r e  t h e  o n ly  known exam ples  o f
'  t

( 1 , 5 ] - s i g m a t f o p i c  n i t r o  s h i f t  a lo n g  a c a rb o n  s k e l e t o n .  The 

co m p e tin g  r a d i c a l  p r o c e s s  l e a d i n g  t o . e p i m e r i z a t i o n  a l s o 'h a s
1 - . f /
r e m a rk a b le  r ê g i o s e l e c t - i v i t y  and i s  a t  t im e s  t h e  more f a v o u r a b l e  

p r o c e s s .  The o n ly  exam ple  w here  no r a d i c a l  p r o c e s s  accom pan ie s  the. 

^ s ig m a tro p iç  s h i f t  i s  t h a t  r e p o r t e d  by Bapat f o r  t h e  sp .iro  d ie n e s  

from  a c id  178. The o n ly  o o s e r v a b i e  i s o m e r i z a t i o n  i s  a ' .
“ I. "•

s t e r e o s p e c i f i c  s h i f t  o f  t h e  n i t r o  g ro u p .  However th e  p o s s i b i l i t y
y

t h a t ,  t r a c e  p h e n o ls  form ed a s  /p ro d u c ts  from accom panying

■ a r o m a t l z a t i o n  c o u ld  a c t  as  r a d i c a l  t r a p s  h a s  n o t  been c o n s i d e r e d .

The s y b & p i tu e n c s  X .and 7 have been shown t o  have '

c o n s i d e r a b l e  e f f e c t s  on t h e  n a tu r e  ç>î t h e  p ro c e s s  o p e r a t i n g  which
^  --

c a n  be c l a s s i f i e d  a s :

a )  A s te r e o ra n d o m  p r o c e s s  in '  t h e  a b se n c e  o f  a  r a d i c a l  t r a p  l e a d in g

tb  th e  e p lm e r lc  p a i r s  o f  b o th  r e g io i s o m e r s  (X=C1, Br, OMe; •Y=OAc)"
\

b*) A s t e r e o s e l e c t i v e  r a d i c a l  p ro c e sb  in  t h e  a b s e n c e  o f  r a d i c a l  t r a p
> ' '

l e a d i n g  to  I n v e r s i o n  o f  - c o n f i g u r a t i o n  (X=C1, Br; Y=Cl, OMe) 

c )  A s t e r e o s p e c i f  i c  ( s i g m a t r o p i ç )  p r o c e s s  J,n t h e  p r e s e n c e  o f  a 

r a d i c a l  t r a p  (X=C1, Br; Y=OAc, OH,* NHAc).

The s u b s t i t u e n t  X ^  removed from t h e  m i . g a t i n g  n i t r o  

g ro u p  and i t  can  a f f e c t  t h e '  r a t e  of t h e  s i g m a t r o p i ç  s h i f t  by. 

. a l t e r i n g  th e  e l p t r o n  d e n s i t y ' o f  th ^  m ig ra t in g ^  t e r m i n i T h e  r a t e .
' r  ^

c o n s t a n t s  of i s o m e r i z a t i o n  o'f d i e p e s  102 add 103 were n o t  o b t a i n e d  

b l i t  on a q u a l i t a t i v e  b a s i s  th e '  p r o c e s s  I s  f a c i l e  f o r  t h e s e  d i e n e s  

‘ r e l a t i v e  to  d i e n e s  100 and 101 as  would be e x p e c t e d  s i n c e  t h e '  g r o u p -

X- i n  -*102 -and 103 s h o u ld  in q red s fe  t h e  c o e f f i c i e n t s  o f  C~Z m çre th a n
' r .  V ' ' +

i n  d ie n e s  100 and 1 0 1 i ' • '

.  I
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f '

-

From t a b l e  2 .9  i n  c h a p t e r  LI i t  c a n  be s e e n  t h a t  f e r m ln a L ly  ,
■ '  . V  '

 ̂ s u b s t i t u t e d ’'’c y c lo h e j f a - V ,3 - d i e n e s  a,-re .more s t a b l e  th a n  t h e  o t h e r  ,

r e g i o i s o m e r s .  The d i f f e r e n c e  i n  e n e rg y  be tw een  t h e s e  r e g i o i s o m e r s
-1

i s ,  how ever, s m a l l  ( 1 .4 k J  mol ) .  The f r e e  e n e rg y  d i f f e r e n c e 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 s t a n t s  f a r  some o f  th e  d i e n e ^ s t u d i e d

h e r e , a r e  shown i n  t a b l e  3. 1 0 . " ‘T h ese v a lu e s  a r e a l s o  s m a l l  and

a c c o u n t f o r ' t h e r e v e r s i b l e ■ p rocess .
'

, - System Keq
■ T e m p l e AG" k J /m o l

■
. 100 187 2 .5 58 .5 - 2 .5 1

101 190 ^ 2 .9 5 8 .5 - 2 .9 0  --

'T- ...
189 188 ^ 5 .0 58 .5 - 4 .4 7

' 205- 214
/

1 .1 25. 0 - 0 .3 2

204 21,2 ,0 .9 25 .0 + 0 .2 9

. .
*«

^  e
T a b le  3 .1 0 ;  E q u i l i b r i u m  C o n s t a n ts  and F r e e  Energy  D i f f é r e n t s  o f

'  ' V a r io u s  D i e n e s . . /

-• When X=C1 o r  Br, t h e r e  i s  no m ajo r  d i f f e r e n c e  i n  t h e

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

e f f e c t  of th e  ô e th o x y l  g ro u p  i n  making t h e  s e c o n d a ry  r e a c t i o n s  more

im p o r ta n t  was d i s c u s s e d  b e f o r e .

'■ The e f f e c t s  o f  t h e  (X=) a c e ta m id o  g ro u p  " in  t h e  o v e r a l l

p r o c e s s  a r e ^ u n iq u e  and th e s e ^ c a n  be fSm m arized a s :

i )  t h e  a c e t a n i l i d e  113 p r o d u c t  a c t s  a s  an i n h i b i t o r  and makes th e  

r e a c t i o n  s t e r e o s e l e c t i v e  ‘ , -
... . - - f

i i )  hydrogen  b o n d in g  i n  t h e  f‘i n a l  i s o m e r i z e d  d .iene s t a b l i z e s  t h e  

d ie n e  198 and sp'eeds-.up tire  r e a c t i o n  ( 3 ! ^  i s o m e r iz e d  d ie n e  a f t e r  30

'■min a t  "3^^ O '  . ‘  ̂ -
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i l l )  th e  s t r o n g  e l e c t r o n - d o n a t i n g  power o f  t h e  acetam ido . g roup  

f a c i l i t a t e s  t h e  c l e a v a g e  o f  t h e  acetox.y g ro u p .  I t  I s  p o s s i b l e  l h a t  

tfh is  s t a b i l i z a t i o n  I s  g r e a t  enough’ t o  make a c e to x y  g roup  c l e a v a g e  

c o m p e te t lv e  w i th  t h a t  o f  t h e  n i t r o  g ro u p .  T h is  would" I n c r e a s e  th e  

amount o f  a t e t a n l l i d e  113 fo rm ed .

Iv )  t h e  n l t r o a c e t a n l l l d e  125 p resum ab ly  a r i s e s  from b a s e  c a t a l y z e d  

e l i m i n a t i o n  of a c e t i c  a c i d .  Such e l i m i n a t i o n  o c c u r s  f o r  a l l

S - X - Z - m e th y l^ b - n l t r o c y c l p h e x a - 2 , 4 - d i e n e s  i n  n u c l e o p h l l i c  s o l v e n t s . I r t  

t h e  c a s e  o f  d le n e  103 b e c a u se  103 I t s e l f  c o n t a i n s  a b a s i c  c e n t r é '

( -NHAc) w hich can  c a t a l y z e  t h e  e l i m i n a t i o n .

F a c to r s  ( l i ) - ( i v )  a l l  c b n t x l b u t e  to w a rd s  t h e  r e a d y  

d i s a p p e a r a n c e  o f  t h e  d l e n e  103 and .çan e x p l a i n  i t s  I n h e r e n t l y  l a b i l e  

n a tu r e  and th e  d i f f i c u l t i e s  e x p e r ie n c e d  In  a t t e m p t s  to  i s o l a t e > t h e  

■ d ie n e  from t h e  n i t r a t i o n  o f  p - m e t h y l a c e t a n l l i d e  ( 1 1 3 ) . -

The t r a n s i t i o n  s t a t e  o\- a [ 1 , 5 ] - s l g m a t r o p i c  s h i f t

I n v o lv e s  'a  p l a n a r  a r ra n g e m e n t  o f  t h e  f i v e  c a rb o n  atoms In  t h e
* 3

c o n ju g a te d  framework w i th  t h e  s i x t h  sp  c a rb o n  ( b e a r i n g  Y) o u t  o f

th e  p l a n e .  S in ce  th e  s t a r t i n g  d l e n e s  have  t h e  ( Z ) - c o n f I g u r a t l o n  t h e

s u b s t i t u e n t  Y .L ies  on th e [sa m e  s i d e  o f  t h d  p la n e  a s  t h e  n l t r o  g ro u p

and does  n o t  i n f l u e n c e  th e  n a t u r e  o f  t h e  p r o c e s s .  When Y=OAc, th e

I s o m e r i z a t i o n  p r o c e s s  I n v o lv e s  b o th  s ig m a t r o p iç  and r a d i c a l  p r o c e s s ,

bu t  when ’Y=OH t h e  l a t t e r  p r o c e s s  I s  l e s s  I m p o r ta n t  a s  th e  r e s u l t a n t

c r e s o l  a c t s  a s  a n  I n h i b i t o r .

The r a t e ' o f  s i g m a t r o p iç  s h i f t  f o r  t h e  d i e n e  204 was

d e te rm in e d  a t  am b ien t  t e m p e r a tu r e  and th e  p l o t  f o r ' t h e ^ f i r s t  o r d e r
'T ■ V ' ■

r e v e r s i b l e  r a t e  e q u a t io n  I s  shown In  £.lg 3 .1 9 .  The r a t e  c o n s t a n t
} '■ . f  3 _1 - ’ ■ ■ ' ' .

f o r  t h e  fo rw ard  r e a c t i o n  (2 .1 x 1 0  .jn in  ) I s  co m p arab le  t o  t h a t  of

d l e n e  100 à t  58«5®C, which, s u g g e s t s  t h a t  when/Y=OH th e  s i g m a t r o p i ç  •
V  ' ' ' -

s h i f t  i s  more f a c i l e  th a n  when Y=OAc, as  would be e x p e c te d  due  tcT
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f  * s m a l l e r  b u lk  o f  ’OH and p o s s i b l e  a t t r a c t i v e  i n t e r a c t i o n  w i th  th e  

n i t r e , g r o u p  v i a  h yd rogen  b o n d in g .  ‘ ,

51-

A - A e
1.50-

639318
t im e  (m in )  +

-3
S lo p e  = A.5- X 10 ; C o r r e l a t i o n  c o e f f i c i e n t  = 0 .9 9 ;

- ?  _ l  - 3  - 1
k j / k _ j  = 0 . 9 ;  k_%= 2 .4  x 10 min ; k^= 2 ,1  x 10 min .

F ig u r e  3 .1 9 :  P l o t  o f  ln (A n “ A ) /(A -A  ) v s .  t im e  (m in) f o r  t h e V - . ■ ^  11 -  e------- ----------- :--------------------

i s o m e r i z a t i o n  o f  d i e n e  204 a t  a m b ie n t  t e m p e r a t u r e .

When Y=OMe o r  Cl t h e  fo rm e r  p r o c e s s  ( s i g r a a t r o p i c  s h i f t )  

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

i n t e r a c t i o n s  i n  t h e  t r a n s i t i o n  s t a t e  a s  m en t io n ed  b e f o r e .  I t  i s  

d i f f i c u l t  t o  e x p l a i n  why su c h  r e t a r d i n g  e f f e c t s  a r e  im p o r ta n t  when 

Y=OMe b u t  n o t  when Y=OAc,.

In  t h e  E - d i a s t e r e o r a e r s  t h e  s u b s t i t u e n t  Y l i e s  on t1ie ^  

o p p o s i t e  s i d e  o /  t h e  m i g r a t i n g  n i t r o .  g r o u p .  Thus Ÿ h a s  no r e t a r d i n g  

e f f e c t  o f  t h e  s i g m a t r o p i ç  s h i f t  and t h e  r a t e  i s  f a s t e r  t h a n  t h e  

( Z ) - d i a s t e r e o m e r s .  The r a t e  c o n s t a n t  f o r  t h e  s lg m a t r o p ic  s h i f t  o f  

■d iene  189 to  188 i n  t h e  p r e s e n c e  o f  p - c r e s o l  a t  5 8 .5  C i s - g r e a t e r  

than , t h a t  o f  t h e  ( Z ) - d i a s t e r e o m e r  by a f a c t o r  o f  8 .  The r e l e v a n t  

p l o t  i s  shown i n  f i g u r e  3-.20.
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86.4
- 3  - 1  ,

S lo p e  = 2 .4 6  X 10 m in ; C o r r e l .  c o e t T . = 0 . 9 9 ;

K’’ = 5 .0 5 ;  k ,=  4 .0 6  X 10 min ; k  f  2 0 .5  x 10 mineq i :
F ig u r e  3 .2 0 :  “P l o t  o f  I n  (A ^ -A e)/(A -A g ) v s .  t i m e ■'(m in )  f o r  t h e

i s o m e r i z a t i o n  o f  d i e n e  188 t o  189 i n  t h e  p r e s e n c e  o f  p - c r e s o l  a t

5 8 .5 ° C .

3 .4  T herm al r e a c t i o n s  o f  d i e n e s  f rom  2 - X - 4 - m e th y l a n l s o l e s -

The d i e n e  130 from  t h e  c h l o r o a n i s o l e  115 a r o m a t i z e d  o v e r

a p e r i o d  o f  70 days  i n  c h lo r o f o r m - d  to  t h e  n i t r o c r e s o l  137 a t  ,
1

a m b ie n t  t e m p e r a t u r e .  The H-NMR s p e c t r a  o f  t h e  r e a c t i o n  m ix t u r e  a t  

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

1 35 . The r a t e  o f  d e c o m p o s i t io n  o f  t h e  d i e n e  i n c r e a s e d  oq i n c r e a s i n g  

t h e  t e m p e r a t u r e  to  60°C and a f t e r  12h a m ix tu re  o f  c r e s o l  137 (80%) 

and  a n i s o l e  136 (20%) was o b t a i n e d .  '

At am bien t t e m p e r a t u r e  t h e  d i e n e  151 i n  c h lo r o f o r m - d
'  ' '  Va f t e r  3̂ 2 days  gave  a m ix tu r e  o f  d i e n e  154 (1 8 .5 % ) ,  d i m e th y l  k e t a l
\

156 ( 5 .5 % ) ,  t o g e t h e r  ,w i t h  a r o m a t i c  .compounds 116, 155 and 231 

(3&%). (schem e 3 . 1 9 ) .  ^ A f t e r . 8 0  d a y s  t h e  H-NMR s p e c t ru m  n f  t h e  

m ix tu r e  i n d i c a t e d  t h a t  a r o m a t i c s  w ere  t h e  m a jo r  p r o p o r t i o n  o f  t h e

p r o d u c t  b u t  d i e n e s  151 ( 4 \5 % ) , 154 (5 .5% ) and 156 (9%) w ere  s t i l l

p r e s e n t .  ‘When th e  r e a c t i o n  was r e p e a t e d  a t  60*C a  m i x t u r e



c o n t a i n i n g  d i e n e  154 (26% ), a n i s o l d s  116 (j«B%) and 155 (8%) t o g e t j i ^ r  

w i th  unchangW . d i e n e  151 (48%) was o b ta in e d  a f t e r  24h . O n \ f u r t h e r  

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

d i e n e s  15rl and 154 rem a in e d  unchanged . *
y I.* ' / f  f ^

NO;

+

f
OM e.. " V -OMe- M e,

^  ; .
ISt- ' 154-. =' ■ • 156

■

aSnbient temp

* 'OMe 

U 6

OR
R=Me,15> ■‘ R=H,231

32 days  • - 1 8 . 5 % ' ' ;

80 d a y s -  5.5%

60° C, 24h "  26% ■

"5^5%

.9% .
“V

■* 5% 

12% 

18%

12%

29%

18%

39%

A.

» ■" ' Scheme 3 .1 9
^  .

^  ;
The d i e n e  154 i n  c h lo r o f o r m e d .a t  am b ien t  t e m p e r a t u r e  

* '  - ^ ^  ? '  ' I •
y i e l d e d  a  m ix t u te  o f  c r e s O l  231 (22%), a n i s o l e s  155 (35%) and

■{ ®
(28%), d im e th y l  k e t a l  156 (1:%) a lo n g  w i th  unchanged  d ien e ,  154 (JL4%)

'■ ^ ^  \  
a f t e r  80 d a y s .  At 60*6 a f t e r  17h a  s i m i l a r " m i x t u r e  o f  p r o d u c t s  was 
; '  . \  ^ . -1

■ o b ta in ed ,  a s  shown i n  scheme ^ . 2 0 .  ° -

■45

.-n

■n
<1
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•••MeO OMe

136.

NO2 NO2  \NQ2 NDz 
Me OMe ^  OH

NO,

, 22_C 

60 C'
■

151 ' , 156 ■
'

14%: ‘ 80 days 4 % ' 

30% 17 h ■% 14%

, ,119 ' 

28%

0

Scheme 3 .2 0

155

35%'
231

22%

22%

6

%

3 .

.  »•>
t  "

. D ienes  from a [ l , 5 ] . - n i t r o  s h i f t  a r e  noj: o b s e rv e d  i n  th e

-  p r o d u c t s  o f  th e ,  r e a c t i o n s  o f  t h e s e  compounds, b u t  t h e  6 - n i t r o a n i s o l e
> . . " ' '  ' - . . ' ,  

d e r i v a t i v e ^  o b t a i n e d  a r e '  l i k e l y  to  hav'e been  form ed v i a
T ' ' 'p c ro m â tiz a t id n  o f - s u c h  u n d e te c t e d  i n t e r m e d i a t e  d i e n e s .  The-

a d d i t i o n a l  h e te r o a to m  s u b s t i t u e n t  w i l l  make t h e  p r o to n  a  to  t h e
X  '  '  '  'n i t r o  g roup  more a c i d i c  and t h u s  f a c i l i t a t e  t h e  é l i m i n a t i o n  o f  

a c , e t i ( ^ a c i d  f ro m - th e  p ro p o se d  5 -m e th o x ÿ -4 -X -2 -m e th y l-& T  

- n i t r ô ’c y c l b h ê x a - 2 ,4 - d i e n y l  a c e t a t e  i n t e r m e d i a t e .

. , „ ’ I n  d ie n e  151 th e  s t e r e o e l e c t r o n i c  r e p u l s i o n  in t r o d u c e d  

by p l a c i n g - t h e  n i t r o  g ro u p  o f  C-2 (b e tw e e n  a c e t a t e  and m ethoxy) i s  

- r e l i e v e d  by  i s o m e r i z a t i o n  to. t h e . o t h e r  r e g i o i s p p e r ,  d i e n e  154. The 

'  [1>5] sh:S ft o f ^ t h e  a c e t a t e  g ro u p  can  p ro c e e d  v i a  a d i r e c t

[ 3 , 5 ] - s i g m à t r o p i c  s h i f t  o r  by d i s s o c i a t i o n  and r e c o m b in a t îb n  o f
' ' 14- 'a c é t a t e  ( p ro b a b ly  a c i d ' • c a t a l y z e d  by. t r a c e s  of a c e t i c  a c i d  a l s o  - 

l i b e r a t e d ) .  - The c y c lo h e x a d ie n y l  c a t i o n ,  from  th e  l o s s  o f  a c e t a t e  

g r o û p ,  c a n -b e  t r a p p e d  by n u c le o p h i le s ^  ( s u c h  a s  t r a c e  w a te r )  Which

%

%

s.

4 %. >

would a c c o u n t  f o r  t h e  n i t r o  c r e s o l s  ' '( fo rm ed  v i a  a  d ié n o n e  

i n t e r m e d i a t e ) . T h i s 'b e h a v i o p f  r e s e m b le s  t h a t  pf d ie n e  102 from

V

7s _ -'4-
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4’- n i e t h y l a n i s o l e  ( 1 1 2 ) .  More^ i n f o r m a t io n  r e g a r d in g  th e  b e h a v io u r  o f  

j^h e se "  c a t i o n s  was o b ta in e d  d u r in g  r e a c t i o n s  c a r r i e d  o u t  i n  p r e s e n c e  

o f  a c i d s  and i s  d i s c u s s e d  i n  c h a p te r  IV . ■ '

3V5 A r o m a t i z a t lo n  o f  D ienes  a t  P y r o l y t i c  C o n d i t io n s  (-150 C ) .

' " Under p y r o l y t i c  c o n d i t i o n s  (150°.C) a l l  di^ehes ô b t a l n e d . ,

from  n i t r a t i o n  decomposed i n s t a n t a n e o u s l y  w i th  th e  e v o l u t i o n  of 

brown fumes to  y i e l d  t h e  p a r e n t  t o l u e ^ e ^ e r i v a t l v e s  by e l i m i n a t i o n

o f ' a c e t y l  n i t r a t e  a s  w e lL  a s  t h e  3- n i t r o t o l u e n e s  and c r e s y l  ,
'

a c e t a t e s .  The p r o d u c t s  o b t a i n e d  a r e  shown i n s t a b l e  3 .1 1 .

T a b le

Compound ' X
 ̂ /  

100 H Cl

.  101 H, %

102 H ' Ol^e

130 ■ Cl GMe

■ 154 NOg OMe
V .

■ 151 ' NO 2 OMe
A  .

.1 1 :  P r o d u c ts (percÉ

/

OAc

y

111 (31%) 

110 C20%)

112 (S^%)

115 (20%)

116 (27%) " 

116 (34%)

122 (3%) 

"124 ( t r )  

116 (5%). 

136 (67'%) 

155 (73%) 

155 (66%)

186 (66%).

193 (80%) ‘

197 (15%)
f

232 (16%)

d i e n e s .

.  The f o r m a t io n  o f  n i t r o t o l ü e n e s  was r e g i o s p e c i f i c  i n  a l l
-  ' ' ' -  .- 

o f  t h e s e  .d ien e s . '  R e n i t r a t i o n  o f  t h e  s t a r t i n g  ^ - c h l q r o  o r
'■ * ' * ^ \

4 -b ro m o td lu e n e  s h o u ld  y i e l d  some 4 - X - 2 - n i t r o t o l u e n e ,  b u t  t h i s  i s  n o t/ V V.
,  V  ' y ,  '  '

fo rm ed . I s o m e r i z a t i o n  t o  t h e  b ^ n i t r o  d i e n e  fo l lo w e d  by l o s s  o f
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a c e t i c  a c i d  c o u ld  a c c o u n t . f o r  su c t t  r e g i o a e l e c t i v i t y .  I n  o l d e r  t o  

t e s t  t h i s  h y p o t h e s i s  t h e  isom èrlzedT  d i e n e s  187 and 188 w ere  h e a te d  

' t o  180°C b u t  t h e  c r e s y l  a c e t a t e  186 was t h e  m ajo r  p r o d u c t  ir\  b o th  

c a se s . .  Â r a d i c a l  d i s s o c i a t i o n - re c o m b in a t io n -m e c h a n ism  a s  shown i n
- ' - . ' . . - ' - .  ̂ ' V
.scheme 3 .1  c o u ld  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 .  '  * *
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CHAPTER IV; ACID/CATALYZED REACIIQttS Of IPSO ADDUCTS.

4 .1  i n t r o d u c t i o n :

Ipso -W heland ;  i n t e r m e d i a t e s  " (n i tc o c y c lo h e x d te n y l  c a t io m )
■  ̂ y  '  'C

can  b e , r e g e n e r a t e d ,  from c y c lo h e x a d ie n y l  ' a c e t a t e s ,  by p r o t o n a t i o n  of ..thé

a c e t a t e  g ro u p  fo l lo w e d  by l o s s  o f  a c e t i c  a c i d .  ■ The f a t e  o f  t h i s  c a t i o n

depends  p r i m a r i l y  on i t s  s t r u c t u r e  and on th e  r e a c t i o n  c o n d i t i o n s .

S u b s t r a t e s  b e k r i n g  a l k y l  g ro u p s  l o c a t e d  p a r a  t o  th e Id p q o

p o s i t i o n  can  form a lR e n y l  c y c lo h e x a d te n e  i n t e r m e d i a t e s  by l o s s  o f

p r o t o n .  TheSe i n t e r m e d i a t e s  on s o l v o l y s i s  o f  t h e  n i t r o  g ro u p  >-givé;  ̂r i s e
'  ,  . . 82  

t o  a b e n z y l i c  c a t i o n  w h ich  c a n  b e  t r a p p e d  t o  y i e l d  b 'e n z y l i c  compounds
*

as  shown i n  scheme 4 . 1 .   ̂ ,

lAc

80

- H O A c ^

NO?

“ H +HY
-HNO?

, T -

f 80a . 80b

Y = OMe**, OAc", ONO%j NOg, e t c  

jtgp Scheme 4 .1

232

f

^  These  r e a c t i o n s  e x p l a i n  t;he a p p a r e n t  anom alous n i t r a t i o n s  in

w h ic h  s id e ^ d ï î a în  s u b s t i t u t i o n  o c c u r s  a s  was shown i n  scheme 1 .2 0 .

Fq^^matiop o f  t h e  i p s o  c A t ip n  from  t h e  n i t r o c y c l o h e x d i e n ÿ l  a c e t a t e  

can  be used  to  I n v e s t i g a t e  t h e  r e a c t i o n s  o f  such  s p e c i e s .

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

group  by a c o n c e r t e d  1 , ^ - s h i f t  f o l lo w e d  by d e p r o t o n a t i o n  to  y i ^ l d
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n i t r o a r e n e s - h a s  been  i d e n t i f i e d , a s  t h e  p red o m in an t  mode o f  r e a c t i o n

- (schem e  # . 2 ) .  When t h e  o r th o '  p o s i t i o n  i s  s u b s t i t u t e d  a second  n i t r o

s h i f t  f o l l o w s ,  t h e  r a t e  o f  m ig r a t i o r i ^ to  a m e th y l  s u b s t i t u t e d  p o s i t i o n
1 2 9  *

h a s  b e e n  shown by Myhre t o  be f i f t y  t im e s  f a s t e r  t h a n , t o  an $
  .  J  ^  j  ' ' .. # ' : I 1. ! '

u n s u b s t i t u t e d  p o s i t i o n .  C o n se q u e n t ly  such  c a t i o n s  a r e  w e l l  e q u i l i b r a t e d

p r i o r ,  t o . p r o t o n  l o s s .  T h e se  two s e q u e n t i a l  1 , 2 - s h i f t s  (schem e 4 .2 )  o f
** ■ 4

t h e  n i t r o  g ro u p  t h u s  r e p r e s e n t  ap  o v e r a l l  l , 3 - n i t r o  a h i f t *  ^

0

■ I

z

"D
234b234 ^

I ■

234a

235b 234c

Scheme 4 .2

' 235a

I t  i s  n e c e s s a r y  to  d i s t i n g u i s h  th e  1 , 2 - s h i f t  p r o c e s s  from 

e x t r a m o l d c u la r  m i g r a t i o n  whidh o c c u r s  v i a  t h e  e n c o u n te r  p a i r ,  a s  

shown Irf scheme 4 . 3 .  I n  s u b s t r a t e s  w here 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  b y , s t r o n g  e l e c t r o n  d o n a t i n g  g ro u p s  su ch  as OH and OCH3 , t h e
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n i t r o c ÿ c l o h e x a d i e n y l  c a t i o n  can  l o s e  n i t r o n iu n i  io n  to  form an e n p o u n te r  

p a i r .  The f a t e  6 f  t h e  e n c o u n te r  p a i r  i s  d e te rm in e d  by . t h e  r e a c t i v i t y  o f  

t h e  s u b s t r a t e .  For r e a c t i v e  s u b s t r a t e s  w hich  r e a c t  a t  t h e  e n c o u n te r  

r a t e  t h e  e n c o u n te r  p a i r  c o l l a p s e s  t o  an  i s o m e r i c  W heland i n t e r m e d i a t e
I • -j Ê~ i ' 5 , ' 1

v i a  a t t a c k  by t h e  n i t r o n iu m  io n  a t  a  second  a c t i v a t e d  p o s i t i o n  ( o r t h o  o r

p a r a  to  OH) and w hich  i s  d e p r o to n a te d  to  a  n i t r o  a r e n ^  When th e

s u b s t r a t e s  a r e  l e s s  r e a c t i v e  t h e  n i t r o  g ro u p  can  d i f f u s e  o u t  of th e  
'  '  - ' . ' '

• s o lv e n t  cage  r e s u l t i n g  i n  d e n i t r a t i o n  (schem e 4 , 3 ) ;

X=Me, 236

X=C1, 237

HO OMe
X=Me, 238 

:  X =C l,-239

X

X=Me, 168 

X=C1, 246

'M eO H

X=He, 244" ‘ 

' X=ci?' 245

X=Me, 240' 

X=C1, 241

X=Me', 242 

X=C1, 243

+

2

OH

Scheme 4 .3  
114

X=C1, 247

+ N 0^

Coombes and h i s  co w o rk e rs  have  shown t h a t  i n  t h e  n i t r a t i o n

• I
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o f  p - c r e s o l  ( 2 1 9 ) ,  40% 'o f  t h e  p ro d u c t  2 - n l t r o - p - c r e s o l  (168) i s  formed
' ■ ■

v i a  e x t r a m o l e o u la r  m i g r a t i o n  o f  t h e - n i t r o  g ro u p  i n  th e  i n t e r m e d i a t e  
-

. d i e n o n e .  I n  t h é  c a s e  o f  t h e  n i t r a t i o n  o f  4 - c h l o r o a n i s o l ê  (237) t h e  

i n t e r m e d i a t e . d i e n o n e  g i v e s  4 - c h l o r o p h e n o l  (247)  by l e a k a g e  o f  t h e  n i t r o

g roup  from  th e  e n c o u n te r  p a i r .  The p r e s e n c e  o f  c h l o r i n e  d e a c t i v a t e s  t h e
'

s u b s t r a t e  and i t  does  n o t  r e a c t  a t  t h e  e n c o u n te r  r a t e ,  t h u s  th e  le a k a g e  

i s  p ronounced  and d e t e c t a b l e .  The d ie n o n e  i n t e r m e d i a t e  i s  formed as  ^  

r e s u l t  o f  t h e  p r e s e n c e  o f  w a te r  i n  t h e  r e a c t i o n  m ix tu re  b u t  i t s  

fo rm a t io n  i s  n o t  a n e c e s s a r y  c r i t e r i o n  f o r  e x t r a m o l e c u l a r  m ig r a t i o n .  I n  

. t h e  a b sen c e  o f  w a te r  i t  c an  be e x p e c te d  t h a t  t h e  Wheland i n t e r m e d i a t e  

240/241 can  d i r e c t l y  c o l l a p s e  to  t h e . e n c o u n te r  p a i r  242 /243  and th e  

n i t r o n iu m  io n  can  t h e n  e i t h e r  r e n i t r a t e  219 /247  o r  e s c a p e  t o  t h e  b u lk  

s o l v e n t .  ^
. 18

R e a c t io n  w i t h ,  0 - e n r i c h e d  w a te r  has  shown t h a t  d ie n o n e

f o r m a t io n  i n v o lv e s  a t t a c k  o f  th e  n u c l e o p h i l e  on th e  r i n g  r a t h e r  th a n  S^2
74

d i s p la c e m e n t  o f  t h e  m e th y l  g roup  . In  p r i n c i p l e  t h i s  re s e m b le s  t h e
* r

1 , 4 - a d d i t i o n  o f . n i t r o n i u m  a d e t a t ç  ip  th e  n u c l e o p h i l i c  t r a p p i n g ^ o f  t h e  

ip so -W he land  i n t e r m e d i a t e .  U sing  t h i s  s e q u e n c e  ( r e g e n e r a t i o n  o f  th e  

i p s o  c a t i o n  f o l lo w e d  b y • n u c l o e p h i l i ^  t r a p p i n g )  i t  i s  p o s s i b l e  to  

s y n t h e s i z e  n i t r o c y c l o h e x a d i e n y l  ^ d e r iv a t iv e s  by e x ch an g in g  th e  a c e t a t e  

f o r  o t h e r  g r o u p s ,  a s  s-hown I n  scheme 4 .4 -
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WPz .

m e

94

Scheme 4 .4

248 

R ef 87b

- J n  'o rder  t o  e x p l o i t  t h i s  r o u t e ' t o  o t h e /  c y c lo h e x a d le n e s  i t  i s .
* ■ i  ^

n e c e s s a r y  to  d e te r m in e  t h e  c o n d i t i o n s  u n d e r  which c o m p l ic a t io n s  d u e  t o   ̂

com peting  r e a c t i o n s  a r e  a t  a jninimum. Weak n i i c l e o p h i l e s  can be t r a p p e d

bÿ̂  g e n e r a t i n g  v e ry  r e a c t i v e  c a t i o n s .  The i p s o - a d d u c t s  "92 and 93
65 r  -

. from n i t r o x y l e n e s  w ere  shown t o  be e f f e c t i v e  i n  a l k y l a t i n g  m e s i ty l e n e

to  y i e l d  b ip h e n y l  d e r i v a t i v e s ^ e . g .  ^ 2 4 9  from 9 2 , '  sclieme 4 .5 )  a f t e r
V / & , I, '  I
. a ro m a L iz a t lo n  o f  th e  i n t e r m e d i a t e  a d d ü c ts  v i a  t h e  l o s s  o f  n i t r o u s  a c i d :  .

B E -E t ,0

249, 99 7 ,

Scheme 4 .5 Ref .65 ,

The p r e s e n c e  o f  t h e  n i t r o  g roup  i s  r e s p o n s i b l e  f o r  sw :h  ^  . 

r é a c t i v i t y .  Ih  s o m e 'c a s e s  t h e  p r e s e n c e  o f  *sC£.dngly d e 'à c t iv a t in g - ^  ’ , 

s u b s t i t u e n t s ' c a n  le.ad t o  m o d i f i c a t i o n s ;  i n  t h e  r e a c t i v i t y  o f  th e  . a c e t a t e  *
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g r o u p .  Acid  c a t a l y z e d  e s t e r  h y d r o l y s i s  u s u a l l y  t a k e  p l a c e  v i a  A ^ l  o r  ;
" -

A ^ ^  m echan ism s. With d e c r e a s in g  a c i d i t y  and i n c r e a s i n g  n u c l e o p h i l i c i t y '

o f  t h e  s o l v e n t  t h e  A^^2 mechanism becomes i m p o r t a n t .  The g e n e r a t i o n  o f ,

t h e  n i t r o c y c l o h e x a d i e n y l  c a t i o n  from th e  a c e t a t e  i s ,  on t h e  o t h e r  h a n d ,
' ■4

a n  exam ple o f  t h e . A . , 1  p r o c e s s .  Under i d e n t i c a l  c o n d i t i o n s  ( a c i d i t y  and 

s o l v e n t  n u c l e o p h i l i c i t y )  t h e  A ^ l ,  mechanism fa v o u r s  a l k y l  g ro u p s  w hich  

form s t a b l e  q a t i o n s .  T hus , f o r  i p s o - a d d u c t s  w i th  d e a c t i v a t i n g  '  ,

s u b s t i t u e n t s  t h e  A . ^  mechanism s h o u ld  become more im portan t^  i n '  

n u c l e o p h i l i c  s o l v e n t s  and a t  low er  a c i d i t i e s .  F o r -e x a m p le  t h e  

i p s o - a d d u c t  E-76 from p - x ^ l e n e  r e a c t s  i n 'm e t h a n o l i c  s u l p h u r i c  a c id  

t o  y i e l d  a d t a s t e r e o m e r i c  p a i r  o f  m e th y l  ‘e t h e r s  and ( Z ) - 2 5 0 ,  by.

A . ,1  mechanism (Scheme 4 .6V . ’ .AL  ̂ '

' A c O

-MebH'HzSOc
- H O A c

E—7 6

' N O ,

76a

Scheme 4 .6 Ref 82

+ M e Q H
<

OMe

E- and Z‘-250

Under s i m i l a r  c o n d i t i o n s  t h e  I p s o  a d d u c t  251 from

2 - n i t r o - p - x y l e n e  (253) gave  a  s i n g l e  d i a s t e r e o m e r  .o f  th e  d i e n o l  252

v i a  an  A^^2 mechanism (scheme 4 . 7 ) .  The p re s e n c e  o f  th e  n i t r o  g ro u p  on

t h e  r i n g  d e s t a b l i z e s  t h e  t r a n s i t i o n  s t a t e  l e a d i n g  to  t h e  c y c lo h e x a d ie n y l

c a t i o n  and f a v o u r s ' t h e  A. 2 m echanism .Ac
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# 3

A c o :
NO2

HO'

/

NO 2 -

E-251 E-252

Scheme 4 . 7  Ref 65
-r

T h e . im p o r ta n c e  o f  r e a c t i o n s  p r o c e e d in g  v i a  Che 

c y c lo h e x a d ie n y l  c a t  io n ' f o r m e d  by.%loss o f .  n ic r i te > ^ a n io n  a l s o  i n c r e a s e s  

w i th  i n c r e a s i n g  s o l v e n t  n u c l e o p h i l i c i t y  and "reduced a c i d i t y /  These 

r e a c t i o n s  a r e  d i s c u s s e d  i n  t h e  f a l l o w i n g  c h a p te r  (V)*. »

The c y c l o h e x a - 2 ,4 - d i e n y l  a c e t a t e s  formed in" t h e  ‘ " '
' r

. ’ V *
i p s o - n i t r a t i o n  o f  t o lu e n e  d e r i v a t i v e s  100-116 a r e  E x p e c te d  to  show a

wide ran g e ,  o f  r e a c t i v i t y  due t o  t h e  d i f f e r e n t  s u b s t i t u e n t s  p r e s e n t .  A

s tu d y  o f  r e a c t i o n s  a t  d i f f e r e n t  a c i d i t i e s  .and in  d i f f e r e n t  s o l v e n t s  w i l l

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

o f  s e c o n d a ry  c y c lo h e x a d ie n y l  a c e t a t e s .
•  ■ -  ■ »

The f a c t o r s  g o v e rn in g  t h e  u n iq u e  r e g i - o s e l e c t i v i t y  and^

, s t e r e o s e l e c t i v i t y ^ o b s e r v e d  i n  t h e  f o r m a t io n  o f  adduces  can  be e x p l o i t e d

to  s y n t h e s i z e  o t h e r  c y c lo h e x a d ie n y l  d e r i v a t i v e s  w i th  s i m i l a r

s e l é c t l v i t l e s .

The i s o m e r i z e d  d i e n e s  o b t a i n e d  from th e r m a l  r e a c t i o n s  a r e
. ■ r ■ . • .

amongst th e  few known c y c lo h e x a d ie n e s  b e a r i n g  s e c o n d a ry  n i t r o  and 

. a c e tô x y  g ro u p s  and r e a c t i o n s  on t h e s e  a d d q c t s  w i l l  r e v e a l  t h e i r  p o s s i b l e  

r o l e  i n  t h e  o v e r a l l  n i t r a t i o n  r e a c t i o n .

4 .2  R e s u l t s  and D i s c u s s i o n ;  , '

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

a d d u c t s  a r e  d i s c u s s e d  below ,, f o l l o w i n g  w hich a g e n e r a l  m e c h a n i s t i c
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scheme i s  p r e s e n t e d  w hich  p r o v id e s  an  i n t e r p r e t a t i o n  o f  th e  v a r i o u s  

f a c t o r s - g o v e r n i n g  t h e  r e a c t i v i t y  o f  t h e s e  compounds.

4 ^ 2 .1  R e a c t io n s  o f  3 - X - 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 s

■ ■■ '  '■  • - .  • ■ . .
D ienes  100 and TOI a ro m a t iz e d  i n s t a n t a n e o u s l y  to  t h e

c o r r e s p o n d in g  4 - X - 2 - n i t r o tq lu e n e &  121 and 123 in  t h é  p r e s e n c e  o f  s t r o n g

p r o t i c  and Lewis a c i d s .  I n  t h e  p r e s e n c e  o f  w eaker a c i d s  (CF 3 CO2 H), i n

' n o n - n u c l e o p h i l i c  s o l v e n t s  (CDCI3 , CD2 CI 2 ) , m ix tu r e s  c o n t a i n i n g  121/113

“ and t h e  5 - X - o - c r e s y l  a c e t a t e s  186 /193  were o b t a in e d *  The amount o f  t h e
'  * ( - ■

a c e t a t e  i n c r e a s e d  and a l o n g e r  r e a c t i o n  t im e  was needed  on d e c r e a s in g  

th e  a c id  c o n c e n t r a t i o n .  W ith i n c r e a s e  i n  r e a c t i o n  t im ç  some
r

5 - B r - 4 - n i t r o - o - c r e s y l  ' ^ c e t a t e  254 was o b ta in e d ,  from t h e  n i t r a t i o n  o f
>  ̂ 4 '

t h e  c r e s y l  a c e t a t e .  1 9 3 .  , ' . , .
I. -

R e a c t io n s  o f  d i e n e s  100 and 101 w i th  t r i f l u o r o a c e t i c  a c id  in
V

F • ^ , •>
m e th a n o l-d ^  (a  n p c l e o p h i l i c  s o l v e n t )  r e q u i r e d  lo n g e r  t im e  p e r i o d s  th a n  

r e a c t i o n s  c a r r i e d  o u t  i n  n o n - n u c le o p h i l ic ^  s o lv e n të ' .  T|ie amount o f  

4 - X - 2 -n i t r o to lu e n e g »  d e c re a s e d  and t h a t  o f  4 - X - 3 - n i t r o t o l u e n e s ’ i n c r e a s e d  

a s  t h e  a c i d i t y  was red u c e d  a n d ' t h e  r e a c t i o n  t im e  e x te n d e d .  The c r e s o l  

was formed by t r a n s - e s t e r i f i c a t i o n  o f  the, a c e t a t e  f u n c t i o n  aqd th u s  t h e  

r a t i o  o f  c r e s o l  t o  a c e t a t e  i n c r e a s e d  a t  lo w e r  a c i d i t i e s  and c o n s e q u e n t ly  

l o n g e r  r e a c t i o n  t im e s .

Examples o f  t h e s e  r e a c t i o n s  a r e  summ arized i n  schem es 4 .8  to.

' 4 .1 2 .‘ '  ■
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> s ^ » O A c

X - X
X=C1, 100 \ 1 2 1 186

CF3 SO3 H ( 0 “c)  .. 1 0 0 %
* •

.  ̂ CH3 SO3 H '( -2 0 °C )  ■ '  lo o T s -

' - ■ ' B f3 (gaS )/C D 2C l2 (-78°C ) 1 0 0 % -

CF3 CO2 H ( - 3 0 ” c )  ; 80% . 2 0 %

X=Sr, 101 . ' '  123 193

CF3 SÔ3 H (O 'C) 1 0 0 % -

CH3 SO3 H (O 'C) 1 0 0 % . -

CH3 S0 3 H/CH2 C1 2 - 1 0 0 % -

BF3(gas)/CD 2Cl2 

( - 7 8 'C  + a m b ie n t ,  60min)

75% 2 S%

BFg.EtgO 74% 24%

(-78*C  ->■ a m b ie n t ,  60min)

B F 3 .E t .2 0 /C D 2 C l2 (l : l ) 76% 24%

. (~ 7 8 'C  + a m b ie n t ,  60min)

. -
CF3 CO2 H (O 'C) 48% 52%

(Exam ples of  R e a c t io n s  of d ien es .  100 and 1 0 1  i n  s t r o n g a c id s .

Scheme 4 . 8
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Cl

Volume o f  CDCI3  : TFA ? l / 2 1 2 1 186

- i  : 3 42x min 83% 17%

1  > 1 2 .5 h 74% 26%

' 3 1 9h . 50% 50%

■ ' 1 9 . 1 24h 32% 6 8 %

( R e a c t io n s  o f  d i e n e  100 w i th  t r i f l u o r o a c e t i c  a c id  i n  c h l o r o f o r a - d )

Scheme 4 . 9 :

„.N02
..•'OAc

Volume o f  TFA CDClg

1 40min

1  1 2 min

3 30min

19 >5h

B r

123

63%
41%

22 %

14%

. B r  '
254

B r

193

37%

39%

70%

73% 13%

( R e a c t io n s  o f  d i e n e  101 w i th  t r i f l u o r o a c e t i c  a c id  i n  c h lo r o f o r m - d )
fga.ck.con time. ;

Scheme 4 .1 0



NO?

I Û

■ t ' Â r ' ®  -' "■ .-a -  OJ
Cl

/ \  100
Volume o î^ ? 3  

CD3 OD : TFA

1- ,  : 4

1 : '% 

9 : I

Time ■

6 Oh 

17 d a y ë ^ - ,  

32 days

. C l  Cl
' « +  '

121

30%

N o ; ^ '

01

Rr*Ac 'H. 

186
A

A ^  

m  ç '

47% 23%
. 4L

9% ■ÎV 7 2%̂ ,̂ ■ .̂19%*^

59% •
,7, ^
41%

( R e a c t io n s  o f  d i e n e  lOO i n  t r i f l u o r o a c e t i c  a c i d  and m ethano l '^dK ), '
.  • . '  '•

J S  . - = ?  \

Scheme 4 .1 1
V.

> ^ l 0Ac

Br
-*

101 . ' V* r

- ■■. Volume- o f >

* ■ CD3 OD r TFA • T^^e ( d a y s )

1 : 3

% 1 ‘. Î 1  » 

z  3 : 1
■ ;  W  ■ r  . ,^ « - 

30 : "

D.

• R=Ac R=H

A'
\

-A

123 193 215

40% 50% -

124

10%

-  . ' -  '  67% 33%
.4- .

.V
65%. 35%

( R e a c t io n s  o f  d i e n é ^ l p l  i n  t t i f l u o r o a c e t i c  a c id  and m e th a n o l-d ^ )  

X Scheme 4 .1 2

■V.

‘L
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"TV

%

A 150.

%

%

l%e ^H-NMR sp e c tru m  o f  ' t t te  r e a c t i o n  m ix tu r e  o b t a in e d  by

b u b b l in g  anhyd rous  h yd rogen  c h l o r i d e  g é s  f o r  15 itftn th ro u g h  a  s o l u t i o n  j
*' a < ' , %' ,

o f  d ie n e  100 i n  e t h e r  a t  -7 8  C i n d i c a t e d  t h è  p r e s e n c e  o f  -a new d i e n e .  

A f t e r  low t e m p e r a tu r e  work up w i th  aq u e o u s  ammonium h y d r o x id e , tK e

m ix tu r e  c o n ta in e d  m o r l  t h a n  90% o f  t h e  new d i e n e  ,3 - c h lo r o - 6 - m e th 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  c h l o r i d e  (201 )  a lo h g  w i th  2 , 4 - d i c h l o r b k o l u e n e

^ (2 0 9 )  from w hich  t h e  d i e n e  201 was s e p a r a t e d  by c r y s t a l l i z a t i o n .  , ~
^  ' 

S im i la r  r e a c t i o n  o f  d i e p e  100 w i th  an h y d ro u s  hyd rogen^brom ide  gas  gave

3 - c h l o r o - 6 - m e t h y l - 6 * n i t i ^ o c y c lo h e x a - 2 ,4 - d i e n y l :  b rom ide  (225) i n  76.-5%

y i e l d .  From d ie n e  101 i t  was p o s s i b l e  èo p r e p a r e  3 -b ro m o -6 ^ m e th y l '

- 6 - q ^ t r o c y c l o h e x a - 2 , 4 - d i e n y l  c h l o r i d e  200, (82%) and b rom ide  255, (90%)
- ' * " -

by s i m i l a n  r e a c t i o n s ,  as^show n i n  scheme 4 .1 3 .

' (( ■ & s )
1 9. .

--

-78'C

V , • /

L
" 100«- X-Gl, 201 y i e l d ~  90%

;■V'
' 100<L^X=C1, 22$ [ y i e l d ~  7%.5%

X  ̂ 101 X=Br, Y=C1 : 200 y i e l d * 8 2 %

% 1,01 X=Br, Y=Br : 255 y i e l d ~ 90%

( R e a c t io n s  o f  d i e n e s  100 and 1 0 1 -w i th  h yd rogen  h a l i d e s . )

4 . % Scheme 4 .1 3  ' ’ ‘
.

The e l e m e n ta l  a n a l y s i s  o f  d i e n e  201 I n d i c a t e d  th ^  m o le c u la r
\  , 7

fo rm u la  was @yH?Cl2N02* T h e re  w ere no peaks  due” to  an a c e t a t e  group 
1 ^ 1 3 .  -

i n  t h e  IR ,  H-NMR and C-NMR^'speCtra, b u t  th e  peaks  due to  t h e  n i t r o

group^w ere  p r e s e n t  i n  t h e  IR and t h e  UV s p e c t ru m  i n d i c a t e d  th e  p r e s e n c e

' X J -

'4 &
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of  c o n j u g a t e d  d i e n e  s y s t e m .  The d i e n e  2QX was a s s i g n e d  t h e  s t r u c t u r e

3 - c h l o i o - 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 e n y l  c h l o r i d e  on t h e  b a s i s  o f
, 1 , 1 3  ■ ■

t h e  s i m i l a r i t y  o f  t h e  - H-NMR and _ Ç-NMR s p e c t r a  of  d i e n e  201 w i t h  t h a t

• 0 1  d i e n e  ICO.- The m ajo r  d i f f e r e n c e s  i n  t h e  s p e c t r a  of  100 and 201 were
’ 1 3 , '  , 1 ' ' _

i n  t h e  c h e m i c a l  s h i f t s  of, C-1 ( ■ C-NMR) and 1-H ( H-NMR), b o th  of  which  
' . :

were s h i f t e d  u p f l e l d  i n  t h e  c a s e  of  20l ' .

 ̂ T h e . s t r u c t u r e s  o f  d i e n e s  200 ,  225 arid 255 wete  e s t a b l i s h e d  . .

from t h e  s p e c t r a l  p r o p e r t i e s  which were  s i m i l a r  t o  t h e  d i e n e  201.  As i n  

t h e  n i t r a t i o n  r e a c t i o n ,  on ly  a s i n g l e  d i a s t e r e o m e r  o f  t h e s e  d i e n e s  was 

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

t h o s e  o f  d i e n e s  100 and 101 i n  t h a t   ̂ was p r e s e n t ,  i n d i c a t i n g  t h a t
- ' -

1-H was i n  t h e  p s e u d o - e q u a t o r i a l  p o s i t i o n  and t h u s  t h a t  t h e  h a lo g e n  

s u b s t i t u e n t  was i n  t h e  p s e u d o - a x i a l  p o s i t i o n .  (The NMR s p e c t r a l  d a t a  

o f  d i e n e s  200 and 201 were l i s t e d  i n  C h a p t e r  I I I  from whicti  was a p p a r e n t  

t h a t  t h e y  have  t h e  ( Z ) - c o n f i g u r a t i o n ) . The d i e n e s  225 and 255 were a l s o

* t h e  ( Z ) - c o n f i g u r a t i o n .  The s t e r e o c h e m i s t r y  o f  d i e n e  200 was c o n f i r m e d  

by s i n g l e  c r y s t a l  X- ray  d i f f r a c t i o n  s t u d i e s .  The m o l e c u l a r  s t r u c t u r e  o f  

d i e n e  200 i s  shown i n  f i g u r e  4 .1  and t h q  r e l e v a n t  bond l e n g t h s  an-d bond 

a n g l e s  a r e  g i v e n  i n  t a b l e s  4 .1  and 4 . 2 .



1 5 2 .

1

C?

01

C6

■■BR

C2

F i g u r e  4 . 1 :  M o le c u l a r  S t r u c t u r e  o f  ( Z ) - 3 - b ro i a o -6 - t t e t h y l - 6 -  

n i t r o c y c l o h e x a - 2 t A - d i e n y l  c h l o r i d e  ( 2 0 0 ) . -, ,

f
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. . TABLE 4 .1

I n t e r a t o m i c  D i s t a n c e s  f p r  d i e n e  200.

Atoms 

0 ( 3 )  /-Br 

'O(l) -N(l) 
0(6)  - N( l )  

0(3) -0(2) 
0(1)  -0 (6 )  

0(4) -0(3)

D i s t a n c e  

1 .9 4 7 (  8) 

1 .207^10)  

1 . 5 4 0 ( 1 1 )  

1 .3 2 5 (1 3 )  

1 . 5 1 7 ( 1 2 )  

1 .457(13)

Atoms 

0 (1 ) -01  

0(2) -N(l) 
0(7) -0(6) 
0(5) -0(4) 
0(6) -0(5) 
0 ( 1) - 0 ( 6 )

TABLE 4 . 2  

Bond Angles  ( ° )  f o r  d i e n e  200

D i s t a n c e . 

1.828( 9) 
1 .2 0 7 ( 1 0 )  

1.530(13) 
1 . 3 4 4 ( 1 4 )  

1.4gO(13) 
1.527(12)

E s t i m a t e d  s t a n d a r d  d e v i a t i o n s  a r e  g i v e n  in  p a r e n t h e s e s .

' Atoms Angle Atoms ' Angle -

0(2) -K(l) -0(1) 12*3.5( 8) 0(5) -0(6) - N ( l ) 109 •7( 7)

0(6) ^*(1) -0(1) 1 1 8 . 4( 7) . 0(1) -0(6) -N(l) 106 .4( 7)

0(6). -N(l) -0(2) 1 1 8 . 1( 7) 0(1) -0(6) -0(5) 11'4 . 3 ( ‘ 7)'

0(1) -0(2) -0(3) 118.5( 8) 0(7) -0(6) -N(l) 107 •5(' 7)

0(2) -0(3) -Br 118.8( 7) 0(7) -0(6) -0(5) 109 •3( 8) ;

0(4) -0(3) -Br 1 1 7 . 2( 7) 0(7) -0(6) -0(1) 109 .3( 8)
0(4) -0(3) -0(2) ' 123.8( 8) 0(2) -0(1) -C l 105 .9 ( 7)

0(5) -0(4) -0(3) 119.2( 8)  ' 0(6) -0(1) - C l ' 111 •7( 6)

0(6) -0(5) -0(4) 1 1 9 . 2( 8) 0(6) -0(1) -0X2) 111 •1( 7)

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

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

and t h i s  f a c e t  of  t h e  r e a c t i o n  i s  d i s c u s s e d  i n  c h a p t e r  V, The r e a c t i o n  

o f  d i e n e  100 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  (6N) i n  e t h e r  a t  -40°C 

f a i l e d  t o  p roduce  any d i e n e  201 bu t  s i m i l a r  r e a c t i o n  i n  a c e t i c  a n h y d r id e  

a t  ambien t  t e m p e r a t u r e  f o r  4 h o u r s  gave  48% of  d i e n e  201 a lo n g  w i t h  121.

The H-NMR s p e c t r u m  of  a r e a c t i o n  m i x t u r e  c o n t a i n i n g  d i e n e  

100 in  methanol-d^,  and s u l f u r i c  a c i d  (25%, w/w) i n d i c a t e d  th e  f o r m a t i o n  

o f  an  i n t e r m e d i a t e  d i e n o l  204 a l o n g  w i t h  c r e s o l  213.  With i n c r e a s e  in  

t e m p e r a t u r e  t h e  d i e n e  100 d i s a p p e a r e d  a t  a f a s t e r  r a t e  and t h e  c r e s o l  

f o r m a t i o n  was a l s o  i n c r e a s e d .  I n c r e a s e  i n  r e a c t i o n  t im e  a t  lower 

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

p r o d u c t .

D ie n o l  204 was p r e p a r e d  by s t i r r i n g  d i e n e  lOO w i t h  a m ix t u r e  

of  j n e t h a n o l i c  s u l f u r i c  a c i d  (25%, w/w) a t  0°C f o r  e i g h t  h o u r s ,  fo l l o w e d  

by f u r t h e r  s t o r a g e  a t  -20*C f o r  12 h o u r s .  Under t h e s e  c o n d i t i o n s  d i e n e  

100 r e a c t e d  c o m p l e t e l y  and a r o m a t i z a t l o n  was a t  a minimum. A f t e r  

c o n c e n t r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  on t h e  r o t o y a p o u r  a t  - 40°C ,  t h e  

r e a c t i o n  yas  wofked up w i t h  ammonium h y d r o x id e  a t  low t e m p e r a t u r e  to  

y i e l d  a m i x t u r e  of  60% c r e s o l  213 and 40% d i e n o l  204.  The m i x t u r e  was 

s e p a r a t e d  by c h rom a tog ra phy  on a lum ina  a t  - 7 8 “C and t h e  pu re  d i e n o l  204 

was c h a r a c t e r i z e d  a t  low t e m p e r a t u r e .

S i m i l a r  r e ' a c t i o n  of  d i e n e  101 gave a m i ^ u r e  c o n t a i n i n g  77% 

of  a  s i m i l a r  d i e n o l  205 a l o n g  w i t h  23% of  c r e s o X z l 5 .  Th i s  d i e n o l  2A5 

was a l s o  o b t a i n e d  p u r e  a f t e r  c h ro m a to g r a p h y ,  ^ m e  3 - n i t r o t o l u e n e  124 

was i s o l a t e d  d u r i n g  c h r o m a to g r a p h y  which was formed by d e c o m p o s i t i o n  o f
t -

t h e  r e a r r a n g e d  d i e n o l  214 p r i o r  to ,  c h r o m a t o g r a p h y . ,
1 13

The H and C s p e c t r a  of  bo th  d i e n o l s  204 and 205 were



155.
f ' .

s i m i l a r  t o  t h o s e  o f  t h e  ‘"co r r e spond ing  a c e t a t e s  and t h e  d i f f e r e n c e s  i n  
* 1

c h e m i c a l  s h i f t s  c o u ld  be e a s i l y  e x p l a i n e d  on t h e  b a s i s  of  r e p l a c e m e n t  of

a c e t a t e  by t h e  h y d r o x y l  g r o u p .  A s i n g l e  d i a s t e r e o m e r  was o b t a i n e d  in
■■ »

b o t h  r e a c t i o n s , '  a s  would be e x p e c t e d  from an A , -2  mechanism l e a d i n g  to
■jr- Ay . » _  j

r e t e n t i o n  o f  c o n f i g u r a t i o n .  The c o u p l i n g  c o n s t a n t s  i n  t h e  H-NMR 

sp e c t ru m  were a l s o  i n d i c a t i v e ^ ^ p f  t h e  ( Z ) - c o n f i g u r a t i o n .  The r e a c t i o n  o f  

d i e n e  100 w i t h  s u l f u r i c  a c i d  i n  a c e t o n e  o r  a c e t i c  a n h y d r i d e  y i e l d e d

c o m p l i c a t e d  p r o d u c t  m i x t u r e s  which a r e  shown i n  scheme 4 . 1 4 .  I s o m e r i z e d
1 '

d i e n e  i n t e r m e d i a t e s  187 and 158 were d e t e c t e d  i n  t h e  H-NMR s p e c t r a  of
<

t h e  r e a c t i o n  m ix t u r e  ( r e a c t i o n  b, scheme 4 . 1 4 ) .

,\O A c

a)

c)

V
Cl

H gSO^ AC2 O

1 9
0.1 1 0 0

H 2^0 4 Acetone

1 9

121 122Time

OR
+ +

Cl

-20°C,20min 82%
22*C,90days  33%

20min

28%

7%

186 & 213

18%
34%

7%

11

5%

8 6 %

( R e a c t i o n s  of  d i e n e  100 w i t h  s u l f u r i c  a c i d  i n  a c e t i c  a n h y d r i d e  and

a c e t o n e )

V Scheme 4 .1 4  *  %
1

No change  o c c u r r e d  i n  t h e  H-NMR s.pectrum o f  d i e n e  100 i n  

a c e t i c  a n h y d r i d e  c o n t a i n i n g  t r i f l u o r o a c e t i c  . a c i d  (30%, v / v )  o v e r  15min 

a t  0°C.  On warming t h e  r e a c t i n g  m i x t u r e  t o  22 C, t h e  d i e n e  s low ly  

a r o m a t i z e d  w i th  a h a l f  l i f e  of  16 m in ^ to  a m i x t u r e  o f  121 and 186.  

R e a c t i o n  was a l s o  c a r r i e d  o u t  i n  a c e t i c  a n h y d r i d e - d g  c o n t a i n i n g  

t r i f l u o r o a c e t i c  a c i d  (10 '% , 'v /v )^  and t h e  change,, i n  t h e  H-NMR s p e c t r a #

of  t h e  m ethy l  r e g i o n  was f o l lo w e d  to  m o n i t o r  t h e  c o u r s e  o f  r e a c t i o n .
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A f t e r  4 h , a t  -2 0 °C ,  no  change  i n  s p e c t r u m  was d e t e c t e d .  On warming up 

t h e  r e a c t i o n  m i x t u r e  t o  a m b ie n t  t empef . ' a tûrë ,  s low a r o m a t i z a t i o n  was 

'  d e t e c t e d  a l o n g  w i t b  a d e c r e a s e  -in i n t e n s i t y  o f  a c e t a t e —m ethy l  peak i n  

c o m p a r i s o n  %ith  t h e  r i n g  metKyl  which i n d i c a t e d  t h a t  an exchange  o f  t h e  

a c e t a t e  g roup  w i t h  t h e  d e u t e r a t e d  s o l v e n t  c o u n t e r p a r t  was t a k i n g  p l a c e .  

,The e x t e n t ^ o f  t h e ' c h a n g e  t a k i n g  p l a c e  w i t h  t im e  c o u ld  be m e a s u r e d  from 

th e  i n t e g r a t i o n  a n d . i s  g i v e n  in  scheme 4 . 1 5 .

. > \ . O A c

Time

14h
38h

62h

100

58%
32%
9%

7day ( p o s t  work-up)

(da)
4-

ClCl

rooa
14%
20%,^

30%~

121

15%
28%
35%
53%

186
13%
20%

26%
47%

( E q u i l i b r a t i o n  and a r o m a t i z a t l o n  o f  d i e n e  100 i n  a c e t i c  anhydr ide - jd^  a n d

TFA .( 10% v/v ) ) .

Scheme 4 .15

The d i e n e s  200 and  201 a r o m a t i z e d  t o  m i x t u r e s  o f  4 - X - 2 - n i t r o t o l u e n e s  

123 and 121 and d i h a l o t o l u e n e s  207 and 209 i n  n e a t

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

of e q u a l  volumes o f  c h l o r o f o r m - d  and t r i f l u o r o a c e t i c  a c i d .  The 

c o m p o s i t i o n  o f  t h e  p r o d u c t  m i x t u r e s  a r e  g i v e n  i n  scheme 4 . 1 6 .



157.

y02

X X

+  ‘ V .

X .

201 X=C1 CF3 SO3H, 0°C 121- 64% 20# 36%

201 X=C1 CF3 CO2 H, O'C 121 63% 209 37% ,

200 X-Br CF3 SO3 H, O'C 123 63% 207 37%

200 X=Br CF3 CO2 H-CDCI3 '  123 65% 207 35% ,

1 : 3 ( v / v )

( R e a c t i o n s  of  d i e n e s  200 and  201 i n  s t r o n g  a c i d s ) . -

Scheme 4 .1 6

The r e a c t i o n  o f  d i e n e  201 i n  a m i x t u r e  oi  m e t h a n o l - d ^  and

s u l f u r i c  a c i d  a t  ambien t  t e m p e r a t u r e  y i e l d e d  a m ix t u r e  of  61%

5-ch ld^ ro -2 -m e thy la o i ‘sjole “( 2 5 6 ) ,  26% of  n i t r o c r e s o l  168, 7%
X 1

3 - n i t r o t o l u e n e  (122)  and 6 % 2 , 4 - d i c h l o r o t o l u e n e  ( 2 0 9 ) .  The H-NMR

s p e c t r u m  of  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  f o r m a t i o n  o f  an

i n t e r m e d i a t e  d i e n e  which had a s h a r p  s i n g l e t  a t  1.73ppm and a d o u b l e t  of

d o u b l e t  a t  4 .13ppm. The h i g h  f i e l d  p r o t o n  I n t e g r a t e d  as  t h r e e  p r o t o n s

when compared t o  t h e  l a t t e r  p e a k  as  a s i n g l e  p r o t o n .  No i n f o r m a t i o n

r e g a r d i n g  peaks  below 5.4ppm was d i s c e r n a b l e  due to  t h e  s t r o n g  r e s o n a n c ^

peak  o f  t h e  s o l v e n t  h y d r o x y l  g roup. -  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  o f  3 - c h l o r o - 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  m e thy l  e t h e r
I

202 by c o m p a r i s o n ' w i t h  t h e  H-NM.R s p e c t r u m  of  t h e  pu re  e t h e r  i s o l a t e d  

l a t e r  om ( c h a p t e r  V). A f t e r  3 days  a t  ambien t  t e m p e r a t u r e ,  t h e  m i x t u r e  

c o n t a i n e d  3% qf  122,  17% o f f n i t r o c r e s o l  168, 5% o f . 202,  27% o f  256,  9% 

of  t h e  d i e n e  202 a lo n g  w i t h  39% u n r e a c t e d  d i e n e  201.  The l a t e r  s p e c t r a  

i n d i c a t e d  t h e  amount  o f  t h e  d i e n e s  d e c r e a s e d  w i t h  t im e ,  and 

a r o m a t i z a t l o n  i n c r e a s e d .
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S i m i l a r  r e a c t i o n  of  d i e n e  201 in  a  m i x t u r e  c o n t a i n i n g  e q u a l  

p r o p o r t i o n s  of  m e tha no l  and t r i f l u o r o f f c e t i c  a c i d  gave  2% o f  122, 23% of  

n i t r o c r e s o l  168,  20% o f  236,  26% o f  d l e n e  202 and  30% o f  u n r e a c t e d  d i e n e  

201 a f t e r  2 days  a t  ambien t  t e m p e r a t u r e .  The f i n a l  p r o d u c t  m i x t u r e  

a f t e r  12- days  c o n t a i n e d  12% 122,  6% 208,  29% of  n i t r o c r e s o l  168 and 53% 

o f  a n i s o l e  256.

4 . 2 . 2 :  R e a c t i o n s  o f  ( Z ) -  a n d . ( E ) - 5 - X - 2 - m e t h y l - 6  

- n l t r o c y c l a h e x a - 2  ,% -d ie n y l  a c e t a t e s  :

The a r o m a t i z a t i o n  o f  d i e n e s  186, 187,  190 and 191 in  

t r i f l u o r o m e t h a n e s u l f o n i c  a c i d  and in  p y r i d i n e - d g  a t  0®C y i e l d e d  t h e

4 - X - 3 - n i t r o t o l u e n e s  a s  t h e  o n ly  p r o d u c t .  The r e a c t i o n  of  d i e n e s  186 and 

187 w i t h  n e a t  t r i f l u o r o a c e t i c  a c i d  gave  a lm o s t  e q u a l  p r o p o r t i o n s  o f  

122 and 1 8 6 .  In  a m i x t u r e  o f  m e t h a n o i - d ^  and t r i f l u o r o a c e t i c  a c i d  (25% 

v / v ) ,  t h e  o n ly  p r o d u c t s  formed were 4 - X - 3 - n i t r o t o l u e n e s  from a l l  f o u r  

d i e n e s .  I n  a m ix t u r e  o f  c h l o r o f o r m - d  and t r i f l u o r o a c e t i c  a c i d  (25% v / v )  

t h e  ( Z ) - d i a s t e r e o m e r s  187 and 190 gave  t h e  a c e t a t e s  186 and 193 as  t h e  

m a jo r  p r o d u c t  (<99%) bu t  t h e  ( E ) - d i a s t e r e o m e r s  18% and 191 y i e l d e d  a 

h i g h e r  p r o p o r t i o n  of  t h e  4 - X - 3 - n i t r o t o l u e n e s  a lo n g  w i t h  t h e  a c e t a t e s  as  

shown in  scheme 4 . 1 7 .
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NOz

OAc
+

X=C1 or Br; R or R 2 — NO2 {GF3 SO3 H 1 0 0 %

Rj or R = H o r  p y r i d i n e - d g  

o r  CF3 CO2 H-CD3 OD ( 1 : 3 )

Compound X R R
I f  1 / 2

187 0 1 H NO 2 CF3 CO2 H 46% 54%

188 _ Cl N’Oj H CF3 CO2 H 50% 50%

187 Cl H NO 2 CDCI3 -CP 3 CO2 H ( 3 : 1 ) 3h t r a c e - 1 0 0 %

18% Cl NO 2 H CDCI3 -CF 3 CO2 H ( 3 : 1 ) 60h 30% 70%

190 Br H NOg CDCI3 -CF 3 CO2 H ( 3 : 1 ) ~3 .5 h 1 % 99%

191 Br NOz H •» CDCI3 -CF 3 CO2 H ( 3 : 1 ) ~70h 44% 56%

( R e a c t i o n s  o f  d i e n e s  o b t a i n e d  by t h e r m a l  i s o m e r i z a t i o n ) .

Scheme 4.17
 ag>— r—

4 . 2 . 3 :  R e a c t i o n s  o f  d i e n e s  b e a r i n g  methoxy g r o u p s :

The r e a c t i o n s  o f  d i e n e  102 i n  a c i d i c  media  p roceeded  a t  a

f a s t e r  r a t e  t h a n  t h e  r e a c t i o n s  o f  d i e n e s  100 and 101 .  The p redom inan t

p r o d u c t s  were t h e  n i t r o a n i s o l e  116 and t h e  c o r r e s p o n d i n g  c r e s o l  168.

The H-NMR- s pec t rum  o f  r e a c t i o n  m i x t u r e  a t  0°C o r  lower  t e m p e r a 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  of  d i e n o n e  56 which decomposed t o  t h e  n i t r o c r e s o l  

168 d u r i n g  work up a t  h i g h e r  t e m p e r a t u r e .  In  some r e a c t i o n s  t h e  

s t a r t i n g  a n i s o l e  112 was fo rm ed .  In  t h e  r e a c t i o n  w i t h  anhydrous

h y d r o g e n  c h i  i d e  gas  i n  e t h e r  a t  -78°C,  23% of  p - c r e s o l  219
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was 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 .  The r e s u l t s  a r e  summarized i n  

scheme 4 . 1 8 .

N

CF3 SO3 H (0»C)

C F 3 S O 3 H - C H 2 C I 2  ( 1 :3 , 0“ C )  

TFA*

TFA-CDCI3® ( 1 : 1 5 ) ,  

TFA-CD3 OD ( 1 : 1 5 ) *  

BF^-EtgO*

BF3  gas  (CHCI3 )* 

BFg-EtgO/CHgClg*

HCl ( g a s )  i n  £ 1 3 0

OMe
116

. 85% 

41% 

94% 

81%

19%

85%

4%

15%

59%

9% 112,  10%

100%b

75% 112, 6 %

15%

86 % 1 1 2 , 10% 

77%^ 219,  23%

a) -78°C + 0 “C (5 min)

b) c o m p le te  c o n v e r s i o n  t o  d i e n o n é  56 in  the  r e a c t i o n  m i x t u r e ,  d e t e c t e d
~  1 . 
by H-NMR.

( R e a c t i o n s  o f  ( Z ) - 3 - m e t h o x y - 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

( 102))

Scheme 4 .1 8

The r e a c t i o n s  o f  d i e n e s  151 and 154 gave  a lm o s t  i d e n t i c a l  p r o d u c t  

m i x t u r e s  unde r  t h e  same r e a c t i o n  c o n d i t i o n s .  The m ajo r  p r o d u c t s  from 

t h e s e  d i e n e s  were t h e  s t a r t i n g  a n i s o l e  116 o r  t h e  c o r r e s p o n d i n g  p h e n o l
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168 and t h e . 4 - m e t h y l - 2 , 6 - d l n i t r o a n i s o l e  (155)  o r  t h e  c o r r e s p o n d i n g  

p h e n o l  231.  Some exam ples  o f  t h e  r e a c t i o n s  o f  b o t h  d i e n e s  a r e  

summarized i n  scheme 4 . 1 9 .

...n'OA C

NO:
OMe

CF3 SO3 H 

BF3 ( g a s )

CF3 CO2 H

CF3 CO2 H-CDCI3

( 1 :1)

CF3 CO2 H-CD3 OD

HgSO^-CDgOD

( 1 :1)

1 5 4 / 1 5 /

154 .  

151 

154 

151 

154 

151 

154 

151 

154 

151 ,

N

R=Me

116

36%

64%

60%

24%

25%

26%

23%

OR

R=H

168

10%

10%
27%

20%

27%

JO;
OR

R=Me

1 5 5

19%^

36%

40%

40%

27%

13%

16%

231

35%

36% 

48% 

61% 

56% 

90% 

73% 

80% 

73% "

( R e a c t i o n s  o f  ( Z ) - 2 . 6 - d i n i t r o  and

2 , 4 - d i n i t r o - 3 - m e t h o x y - 6 “m e t h y l c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e s  ( 1 5 1 ) )

Scheme 4 .1 9

In  t h e  r e a c t i o n  o f  d i e n e  130 w i t h  t r i f l u o r o m e t h a n e s u l f o n i c  

a c i d  a m i x t u r e  of  19% n i t r o a n i s o l e  136,  39.5% n i t r o c r e s o l  137 and 41.5%



162.

i t  2 - c h l o r o - 4 - i ) | e t h y l - 5 - n i t t o ^ n i s o l e  257 was o b t a i n e d .  Reactdron w i t h

b o r o n  t u i f l u o r i d e  e the ra t% » 3 r l e a d ed  a s i m i l a r  m i x t u r e  b u t  t h e  r e a c t i o n

wiéh anhydrous  bo ron  t r i f l u o r i d e  gas  y i e l d e d  a m i x t u r e  of  85% a n i s o l e

257 and 15% c r e s o l  137 .  ÏT^re a n i s o l e  257 was o b t a i n e d  from t h i s  m i x t u r e

by removing t h e  c r e s o l  137 by washing  w i t h  sodium h y d r o x i d e  S o l u t i o n .

The 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  and w i t h  m i x t u r e s  of '

t r i f  l u o r o a c e t i c  a c i ’d and c h lo r o f o r m - d  y i e l d e d  m i x t u r e s  of  257,  /136 and

137.  The amount  o f  a n i s o l e  257 d e c r e a s e d  w i t h  d e c r e a s e  i n  a c i d

c o n c e n t r a t i o n .  R e a c t i o n  w i th  m i x t u r e s  of  t r i f l u o r o a c e t i c  a c i d  and
1

m eth a n o l  y i e l d e d  c r e s o l  137 as  t h e  f i n a l  p r o d u c t .  The H-NMR. spec t rum

o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  f o r m a t i o n  o f  d i e n o n e  134.  In  a
(

m i x t u r e  c o n t a i n i n g  75% a c i d  a t  0°C, Ü i e n e  130 was c o m p l e t e l y  c o n v e r t e d  

t o  d i en o n e  134 w i t h i n  t h e  f i r s t  S - m i n u t e s ,  f o l l o w i n g  which t h e  d i e n o n e  

s lo w ly  decomposed ( h a l f  l i f e  33 min) t o  t h e  c r e s o l  137 .  With d e c r e a s i n g  

a c i d  c o n c e n t r a t i o n  t h e  d i m e t ^ l  k e t a l  135 was o b s e r v e d  as a p r e c u r s o r  t o  

t h e  d i e n o n e  134. A s i m i l a r  r e a c t i o n  was o b s e r v e d  w i t h  m e t h a n o l i c  

s u l f u r i c  a c i d .

When anh y d ro u s  hydrogen  c h l o r i d e  gas  was bubb led  t h r o u g h  a 

s o l u t i o n  o f  d i e n e  130 in  e t h e r  a t  -78®C f o l l o w e d  by e v a p o r a t i o n  of  t h e  

e x c e s s  a c i d  a t  0®C, a m i x t u r e  o f  c r e s o l  1 3 7 , ( 4 3 % ) ,  119,(6%).  and two 

n o n - a r o m a t i c  compounds 258 and 259,  (51%) was o b t a i n e d .  The m i x t u r e  was 

s e p a r a t e d  by s e m i - p r e p a r a t i v e  h i g h  p r e s s u r e  , l i q u i d  ch ro m a to g ra p h y .  

The e a r l y  f r a c t i o n s  gave c r e s o l s  119 and 137.  The t h i r d  f r a c t i o n  

c o n t a i n e d  a m i x t u r e  o f  one o f  t h e  n o n - a r o m a t i c  compounds 25^ ,  (85%) and 

c r e s o l  137,  (15%). The o t h e r ,  compound 259 was o b t a i n e d  i n  t h e  l a t e r  

f r a c t i o n s  a l o n g  w i t h  c r e s o l  137 (<5%). The c o n s i s t e n t  e l u t i o n  o f  c r e s o l  

137 was p r o b a b l y  due t o  a r o m a t i z a t i o n  o f  258 and 259 .  The compound 259 

was o b t a i n e d  p u r e  by c r y s t a l l i z a t i o n  b u t  compound 258 c o u ld  n o t  be

/
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c r y s t a l l i z e d  and i t  was c h a r a c t e r i z e d  “as  a c o l o r l e s s  o i l  a f t e r  two
1 13

s u c c e s s i v e  c h r o m a to g r a p h ic  s e p a r a t i o n s .  The H-NMR,. and C-NMR s p e c t r a

Of t h e s e  two compounds were  i d e n t i c a l  i n  most  r e s p e c t s  and t h u s  t h e
. @  ,

compounds were d i a s t e r e o m e r s .  The e l e m e n t a l  a n a l y s i s  of  259 i

" c o r r e s p o n d e d  t o  t h e  . formula  C7 H7 CL2 NO3 . The peaks  due t o  a c e t a t e  g roup
1 * 13 ^

were  abhenC i n  t h e  frNMR, C-NMB. and IR s p e c t r a .  There"was  a  s t r o n g
—  1 '

a b s o r p t i o n  a t  1705 cm which i n d i c a t e d  t h e  p r e s e n c e  o f  an '
% ,13 ^ .

a ,  g - u n s a t u t a t e d  c a r b o n y l  group' .  T h e ' g a t e d  C-NMR sp e c t ru m  o f  b o t h
3  '

Compounds 258 and 259-- i n d i c a t e d  t h e  p r e s e n c e  o f  sp m ethy l^  m e t h y le n e ,
- , ^ t

m e th in e  apd q u a ^ t e r n a r y  c a r b o n s .  There  were aj-so** peaks  due t o  a - ,  s-

t r i s u b s t l  t u t e d  d o u b l e  bondj^ a l o n g  w i t h  a  c a r b o n y l  g roup  a t  185p{Sn. The '.J-.
J r ' ' 3

c h e m l ç a l  s h i f t  o f  t h e ' q u a - t e r n a r y  sp c a r b o n  (6-«90ppm) was s i m i l a r  t.o
' ; • ' * \  t  ,

t h a t  o f  C- 6  i n  dierre 130.  On. t h é  b a s i s  o f  t h i s  i n f o r m a t i o n ,  t h e
'  " '  ' : ' T '  . " )  .

f o l l o w i n g  two r e g i o i s b m e r s , a r e  p o s s i b l e ;  . , (

• ■ ■ . '■ - ' '  "
NO2  '  ^

CL
ND2 .

" T c r C l

-A

0 .

F i g u r e  4 .1

I n  b o th  258 and .259 t h e  v i n y l i c "  p r o t o n  3-H i s  m u t u a l l y  c o u p le d  to  t h é
' L ;

m e t h in e  p r o t o n  i n  t h e  same ^ H-NMR s p e c t r u m ,  bu t  ho t  w i t h  e i t h e r  o f ’ ELie

two m e th y le n e  p r o tO n s .  T h i s  i s  r e m i n i s c e n t  of  t h e  J j  5  c o u p l i n g  i n  t h e

s t a r t i n g  d i e n e  130 and  c a n . b e  e x p l a i n e d  by s t r u c t u r e  A. The a b s è n c e  of

any c o u p l i n g  w i t h  e i t h e r  o f  t h e  two m e th y le n e  p r o t o n s  i s  no t  a n t i c i p a t e d

i n  s t r u c t u r e  B .  The f o r m a t i o n  o f  A can  be e x p l a i n e d '  by s u b s t i t u t i o n  o f

t h e  a c e t o x y  ^ r o u p  by c h l o r i d e  a n i b n  i n  t h e  s t a r t i n g  d i e n e  f o l lo w e d  by '
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' h y d r o l y s i s  and t a u t o m e r i z a t i o n  o f  t h e  v i n y l  e t h e r  as  i n  scheme 4 . 2 0 .  c 

A l t e r n a t i v e l y  a 1 , 4 - a d d i t i o n  of  HCl t ô  t h e  d i e n o n e  134 as  i n  scheme 4.21  

i s  p o s s i b l e .

-HOAc

OMe

K in .

,C l -
^HCl

-MeCI-

OMe

130 /  . 260

■ \

OH

260a

Scheme 4 .2 0

NOz

Cl

. c

0

258/259

NOz' '  . 
m e "

NO; NO,

f  -il
- H O A c _ ^ 1 1

+ H

. 0  

134

OH
Ci

Scheme 4 .21

260a
NO,

258 /259 0

When t h e  r e a c t i o n  was r e p e a t e d  and t h e n  worked up a t  -78°G,
O' ^

t h e  p r o d u c t s  c o n t a i n e d  30% d i e n o n e  134 and 70% o f  259 and 258.  The

a b s e n c e  o f  any 260 s u g g e s t s  t h a t  t h e  r o u t e  d e p i c t e d  i n  scheme 4 .2 1  i s

t h e  more l i k e l y  but  does“ n o t  a l l o w  us t o  r e j e c t  scheme 4 . 2 0 .  The
' ' /

s t e r e o c h e m i s t r y  of  258 and 259 was a s s i g n e d  on t h é  b a s i s  o f  t h e

o b s e r v e d  y -gauche  e f f e c t  on t h e  c h e m i c a l  s h i f t  o f  t h e  m e thy l  g roup  due
1 3  '

t o  t h e  c h l o r i n e  on .C -5  i n  t h e  C-NMR s p e c t r u m .  In  e i t h e r  confo rm er
■ #

(Ê-1 & E -2 )  of  t h e  ( E ) - d i a s t e r e o m e r  t h e  m e th y l  g roup  i s  gauche  t o  t h e  

c h l o r i n e  whereas  i n  t h e  ( Z ) - d l a s t e r e o m e r  t h e s e  a r e  a n t i  i n  t h e  Z -Z
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c o n f o r m e r ,  

. a x i a l  and

T h i s  c o n f o r m e r  ( Z - 2 )  h a s  t h e  m e th y l  and c h l o r o  g r o u p s  i n  t h e

Z -1

I

z - 2

^  '  . Scheme 4 . 2 2  *

a n t i  o r i e n t a t i o n  and s h o u l d f b e ^ p r e f e r r e d  o v e r  Z -1 .  C o n s e q u e n t l y  t h e  

c h e m i c a l  s h i f t  o f  t h e  m e t h y l  g r o u p  i n  t h e  ( E ) - d i a s t e r e o m e r  s h o u ld  be 

/ f e e s  t h i n ^ t h a t  o f  t h e  ( Z ) - d l a s t e r e o m e r .  In  compound 258 t h e  m ethy l  

g roup  r e s o n a t e s  a t  2 1 . 6 ppm an d  i n  259 i t  r e s o n a t e s  a t  24.8ppm, 

c o n s e q u e n t l y  t h e  l a t t e r  compound i s  a s s i g n e d  t h e  ( Z ) - c o n f i g u r a t i o n .

p ,  .
4 . 3 :  Mechanisms o f  A c id  C a t a l y z e d  R e a c t i o n s  o f  D i e n e s :

The s o l v o l y s i s  o f  d i e n e  100 i n  aqueous  s u l f u r i c  a c i d  has  been
129

i n v e s t i g a t e d  by S c h o f i e l d  an d  h i s  co w o rk e rs  and t h e  r e p o r t e d  r e s u l t s  

a g r e e  w e l l  w i t h  t h o s e  o b t a i n e d  i n  t h i s  d i s s e r t a t i o n .

The r e a c t i o n s  o f  t h e s e  i p s o  a d d u c t s  can  be a c c o u n t e d  f o r
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.Mi-by f o r m a t i o n  o f  f o u r  d i f f e r e n t  i n t e r m e d i a t e s  P, G and H as  shown i p

scheme h.TST~: • - > ■

■Y
-NOz
Ri

C-

NOz'

H

X
H

NO 2 ■-

P a t h ' ( a ) P a t h  (d )

NOz
r

X

P a t h ( c )
(  to r  Y= OAc )

Scheme 4 .2 3

M e
W

4 4 \ ' H Y  —

.1

P a t h ( t ^

-N O z

Y

The p redom inance  o f  any o f  t h e  f o u r  pa thways w i l l  depend on)-, 

s e v e r a l  f a c t o r s .

P a t h  ( a )  . . .

P a th  ( a )  i s  more i m p o r t a n t  i n  r e a c t i o n s *  w i t h  l o n g e r  r e a c t i o n

t ime  a n d / o r  h i g h e r  t e m p e r a t u r e s .  I n t e r m e d i a t e s  of  t y p e  G a r e  d e t e c t e d  
I ■

i n  t h e  H-NMR s p e c t r a  of  t h e  r e a c t i o n s  o f  d i e n e s  100 and 101 c a r r i e d  ou t
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i n  l e s s  a c i d i c  n u c l e o p h l l i c  s o l v e n t s  CCD3 OD, Ac2 O and a c e t o n e ) .  The 

r e a c t i o n s  o f  t h e  i s o m e r i z e d .  d i e n e s  187,  18.f>, 190 and 191 have  shown t h a t  

i n  n u c l e o p h i l i c  s o l v e n t s  t h e  m ajo r  p r o d u c t  i s  t h e  3 -n i t roc om pound  122 

and 124. In  n o n - n u c l e o p h i l i c  s o l v e n t s  some c r e s y l  a c e t a t e s  186 and 193 

a r e  formed* However t h e  f o r m a t i o n  o f  t h e s e  a c e t a t e s  i n  t h e  r e a c t i o n s  o f  

d i e n e s  1 0 0  and 1 0 1  i n  n o n - n u c l e o p h l i c  s o l v e n t s  v i a  r o u t e  ( a )  on ly  seems 

u n l i k e l y .

The d i f f e r e n c e  i n  r e a c t i v i t y  o f  t h e  (Z>- and » 

( E ) - d i a s t e r e o m e r s  o f . t h e s e  d i e n e s  i s  o n ly  r e f z l e c t e d  i n  t h e  r e a c t i o n s  

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

s o l v e n t .  The 6 -H of  t h e s e  d i e n e s  i s  t h e  most  a c i d i c .  An E lcb  mechanism 

favou r^  t h e  e l i m i n a t i o n  o f  a c e t i c  a c i d  as  i s  o b s e rv e d  i n  t h e  r e a c t i o n  

w i th  p y r i d i n e ^ i g  (Scheme 4 . 2 4 ) .

A c

-O A c

1 2 2  and 124

Scheme 4 .2 4

Under s t r o n g l y  a c i d i c  c o n d i t i o n s  (CF3 SO3 H) p r o t o n a t i o n  o f  t h e  

a c e t a t e  g roup  i s  more e x t e n s i v e  t h a n  p ^ o t o n a t i o n  o f  t h e  h i t r o  g roup  and 

t h e  c a t i o n  261 i s  f o r m e d ‘r e a d i l y , *  f o l l o w i n g  which r a p i d  p r o t o n  l o s s  

l e a d s  t o  t h e  3 - n i t r o  compounc^/^ an overal*!  E-1 mechanism.  (Scheme 

4 . 2 5 ) .  .. '
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- H O A c

261 

Scheme 4 .2 5

+
- H

NO:
X

122 and 124

A s - th e  a c i d i t y  o f  t h e  r e a c t i o n  -medium i s  r e d u c e d —t h e - n i t r o

groyp '  would be e x p e c t e d  t o  i o n i z e  as  n i t r i t e  i o n  and to  compete  w i t h  the

a c i d  c a t a l y z e d  l e s *  of  a c e t i c  a c i d ,  a s  happens  i n  the  c a se  of  d i e n e s

y IQl^ and 101.  The c a t i o n  F s h o u l d  be more s t a b l e  t h a n  261 s i n c e  t h e

former  h a s  m ethy l  g roup  i n  c o n j u g a t i o n  w i t h  t h e  p o s i t i v e  c h a r g e .

However,  a l t h o u g h  t h e r e  i s  some c o n t r i b u t i o n  from th e  u n i m o l e c u l a r

i o n i z a t i o n  of  n i t r i t e  i o n ,  i t  i s  e v i d e n t - t h a t  a compet in g  b i m o l e c u l a r
*

e l i m i n a t i o n  of  n i t r o u s  a c i d  i s  a l s o  p r e s e n t .  More a c e t a t e  i s  formed in  
« * 

t h e  ( Z ) - d i a S t e r e o m e r s  187 and 190.  Th i s  . . impl ie s  c h a t  p a r t  o f  çhe

e l i m i n a t i o n  t a k e s  p l a c e  v i a  an E-2 t y p e  t r a n s i t i o n  s t a t e .  The n i c r o

. . g r o u p  b e in g  a n c i ' p e r i p l a n a r  t o  1-H i s  e l i m i n a t e d '  f a s t e r  from t h e  (Z)

■ ra th e r  t h a n * c h e  ( E ) - d i a s t e r e o m e r .

Pa th .  ( b ) ‘
■

The c r e s y l  a c e t a t e s  186 and 193 and d i h a l o t o l u e n ^ s  207 and

208, a r e  formed p r i m a r i l y  by r o u t e  ( b ) ,  i n  whicA t h e  c a t i o n  a r o m a t i z e s  by
• ' ' j , 

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

n e x t  c h a p t e r .

1
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P a t h  ( c )

The d i e n o l s  204 and 205 a r e  d e f i n i t e  i n t e r m e d i a t e s  i n  t h e

f o r m a t i o n  o f  c r e s o l s  213 and 215 i n  r e a c t i o n s  w i t h  s u l f u r i c  a c i d  and

m e t h a n o l ,  and ,  as  m ent ioned  b e f o r e ,  t h e s e  d i e n o l s  have been i s o l a t e d

from t h e  r e a c t i o n  m i x t u r e .  T h i s  A. 2 mechanism,  d e p i c t e d  i n  schemeAc
4 . 2 3 ,  i s  i m p o r t a n t  f o r  d i e n e s  100 and 101 in  n u c l e o p h i l i c  s o l v e n t s .  One 

s o u r c e  o f  t h e  c r e s o l s  which accompany t h e  d i e n o l s  i s  by l o s s  of  n i t r o u s  

a c i d  from t h e  d i e n o l s .  However some of  t h e  c r e s o l  can  a l s o  a r i s e  from

h y d r o l y s i s  o f - t h e  a r y l . a c e t a t e s ^ 186 and 192 formed by p a th  ( b ) .
1 2 9

S c h o f i e l d  and h i s  coworke rs  have  shown t h a t  5 - c h l o r o - o - c r e s y l  a c e t a t e  

186 y i e l d s  38.8% o f  c r e s o l  213 a f t e r  30 min h y d r o l y s i s  i n  31.6% aqueous 

s u l f u r i c  a c i d .
*

The major  f a c t o r s  which a l l o w  r o u t e s  ( a ) ,  ( b )  a n d ' ( c )  t o  

p r e d o m in a t e  ov e r  r o u t e  (d )  (scheme 4 . 2 3 )  a p p e a r  t o  be lower a c i d i t i e s  

and h i g h e r  s o l v e n t  n u c l e o p h i l i c i t t e s . However none of  t h e s e  r o u t e s  a r e  

f a v o u r e d  f o r  d i e n e s  b e a r i n g  a methoxy g r o u p .

P a t h  ( d )

A l l  p r o d u c t s  formed in  t h e  r e a c t i o n s  of  t h e  d i e n e s  103, 130,

151 and 154 can  be e x p l a i n e d  by r o u t e  (d )  which i n v o l v e s  t h e  f o r m a t i o n
Ng Me '  ^

o f  . F o r m a t io n  o f  i s  dom in an t  i n  t h e  c a s e  of  t h e  methoxy d i e n e s

b e c a u s e  of  t h e  ve ry  g r e a t  s t a b i l i z i n g  e f f e c t  o f  t h e  methoxy!  s u b s t i t u e n t
— , Me

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

r e l a t i v e l y  complex and i t s  p’o s s i b l e  modes o f  r e a c t i o n s  a r e  g i v e n  i n

scheme 4.26 .



X 2 6 2 - 1

P a th  
‘ e  -

R

170.

^  Pq th f

P a th  g 262-2

e p i

R f H

NO,

A  Nu 26A3
I For Nu=OH

ep2

r
(f' S .

' R ?
^  ' OH

/

Ri

R: R

OH OH

S c h e m e   ̂ 26



\  171 .  '
Me

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

be tween  ( e ) ,  ( f )  and (g)  depends  p r i m a r i l y  on t h e  s u b s t i t u e n t s  R j ,  Rg 

arid X. When X*OMe and Ri=R2 ^Cl t h e  1 , 2 - n i t r o  s h i f t  does  no t  o c c u r .  On 

t h e  o t h e r  hand when X=C1 o r  Br ,  R^='R2 =H, t h i s  i s  t h e  major  pathway under  

s t r o n g l y  a c i d  c o n d i t i o n s .  In  t h e  c a s e  of  d i e n g  130, where X=OMe,

R2=C1 Ri =H, t h e  i s  p a r t i t i o n e d  be tween  ( e )  and ( g ) .  In  a l l  c a s e s  

t h e  1 , 2 - n l t r o  s h i f t  g e n e r a t e s  a t e r t i a r y  c a t i o n  c e n t r e  which i s  

■ s t a b i l i z e d  by th e  m ethy l  g roup  in  t h e  p e n t a d i e n y l  sys tem  262^1.

When X=haiogen t h e  s t a b i l i z i n g  e f f e c t  o f  t h e  m e thy l  g roup  i n  t h e  new

p e n t a à i e n y l  s y s te m  262-1 i s  more i m p o r t a n t  t h a n  t h a t  of  X in  t h e
_ _  .. -  '  ' Me

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

V , g ro u p .  When X=OMe, t h i s  i s  no t  t h e  c a s e  and t h e  s t r o n g e r  a c t i v a t i n g

powef^ o f  t h e  methoxy group  p r e d o m i n a t e s  and t h e  pathway ( e )  i s  not
■*

favoured . . "  However i n  t h e  c a s e  of  X=OMe, R2=C1, t h e  new p e n t a d i e n y l  

sys tem  i s  a l s o  s t a b i l i z e d  by t b o » c h l o r i n e  and t h e  combined s . t a b i l i z i n g  

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

262-1 ,  and a . c o n s i d e r a b l e  amount of  5 - n i t r o  compound i s  formed.  The 

absence  of  any 2 - c h l o r o - 4 - m e t h y l - 3 - n i t r o a n i s o l e  i n  t h e  p ro d u c t  m i x t u r e
• r

p r o b a b ly  r e f l e c t s  t h e  g r e a t e r  s t e r i c  s t r a i n  a t t e n d a n t  on i t s  f o r m a t i o n
'  ' % ' ■ / .  

( f o u r  a d j a c e n t  s u b s t i t u e n t s )  t h a n  e x i s t s  i n  t h e  c a s e  of  t h e  f o r m a t i o n  of
> ' ■ t h e  5 - n i t r o  I s o m e r  ( w i t h  much l e s s  b u t t r e s s i n g ) .

The m ajo r  p r o d u c t s  in  t h e  a r o m a t i z a t i o n  o f  d i e n p s  103, 154

and 151 a r i s e  f rom t h e  e n c o u n t e r  p a i r s  ep l  and ep2 v i a  e x t r a m o l e c u l a r

m i g r a t i o n .  The amount o f  d e n i t t a t i o n  i s  g r e a t e r  in  c a s e s  of  d i e n e s  151
' . ' 

and 154, as  vjould be e x p e c t e d  due to  t h e  lower  r e a c t i v i t y  o f  t h e
. ■ ■ '  

n i t r o a r o m a t i c s  116 and 168 .  The l a r g e  amount of  d é n i t r a t i o n  i n  t h e  '

d i e n e s  151 and 154 s u g g e s t s  t h e  u s e . o f  ,t h e s e  d i e n e s y a s  t r a n s f e r
10 . 

n i t r a t i n g  a g e n t s  . In  o r d e r  fo  check  t h e  v a l i d i t y  of  t h i s  s u g g e s t i o n .
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t b e  a r o m a t i z a t i o n  o f  d i e n e s  103 and 151 w i t h  t r i f l u o r o m e t h a n e s u l f o n i c

a c i d  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  an e q u a l  p r o p o r t i o n  of

p - c h l o r o p h e n o l  247,  a r e l a t i v e l y  d e a c t i v a t e d  s u b s t r a t e .  With d i e n e  103,  
♦

a m ajo r  p o r t i o n  o f  phe n o l  was r e c o v e r e d  unreac ted_,  but  w i t h  d i e n e  151,

70% of  t h e  pheno l  247 was c o n v e r t e d  t o  t h e  4 - c h l o r o - 2 - n i t r o p h e n o l  246 ,

and n e g l i g i b l e  amounts  o f  d i n i t r o a n i s o l e  155 a n d / o r  c r e s o l  231 were

o b t a i n e d .  These l a t t e r  o b s e r v a t i o n s  s u g g e s t  t h a t  a m a jo r  p o r t i o n  o f  t h e

p r o d u c t s  155 and 23^ ^formed i n  t h e  a b s e n c e  of  pheno l  247 i s  formed v i e

i n t e r m o l e c u l a r  r a t h e r  than  e x t r a m o l e c u l a r  m i g r a t i o n  of  t h e  n i t r o  g r o u p .

The amount  of  c r e s o l s  168, 1 ^  and 231 formed in  t h e  r e a c t i o n

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

t h e  s o l v e n t  ( m e t h a n o l - d ^ ) as  t h e  p a t ( y ^ ( f ) becomes more d o m in a n t .  The

amount o f  t h e s e  c r e s o l s  formed c a n r ^ t  however be t a k e n  a s  a d i r e c t

measure  of  t h i s  process^^^»-"the a n i s o ^ e s  a r e  s u s c e p t i b l e  to  h y d r o l y t i c

damage of  t h e  e t h e r  group ;  t h e  a n i s o l e  15^, when s t i r r e d  i n  a s o l u t i o n

of  t r i f l u o r o m e t h a n e s u l f o n i c  a c i d  a t  0“C f o r  30 m in u te s  formed c r e s o l  
1

231.  The H-NMR spec t rum  of  t h e  d i e n e s  103,  151 and 154 in  

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

a lm o s t  . q u a n t i t a t i v e  amounts  o f  d i e n o n e ,  i n  which c a s e  t h e  p r o c e s s  ( f )  

(scheme 4 . 2 6 )  i s  t h e  obv ious  r o u t e  t o  t h e  c r e s o l s .A
The d i m e t h y l k e t a l s  o b t a i n e d  i n  t h e  n i t r a t i o n  r e a c t i o n  of  112, 

115 and 116 a r e  examples  of  i n t e r m e d i a t e  2 6 2 - 3 ,  which p r e c e d e s  t h e  

f o r m a t i o n  o f  d i e n o n e s  of  t h e  t y p e  26 2 -5 .  T h e s e ^ k e t a l s  were i s o l a t e d  

under  m i l d e r  c o n d i t i o n s  ( d e s c r i b e d  in  t h e  n e x t  c j i a p t e r )  and th e  k e t a l  

226 ,  on t r e a t m e n t  w i t h  bo ron  t r i f l u o r i d e  e t h e r a t e ,  y i e l d e d  a m i x t u r e  of  

c r e s o l  168 (40%) and a n i s o l e  116 (60%); w i t h  methanol-rd^ and 

c h l o r o f o r m - d  ( 1 : 9 ,  v / v )  i t  s lo w ly  a r o m a t i z e d  t o  c r e s o l  168.



.  . 173-

The Wheland i n t e r m e d i a t e s  f rom 100 and 101 a r e  q u a n t i t a t i v e l y  

formed on t r e a t m e n t  w i t h  s t r o n g  a c id s ,  and i n  t h e  p r e s e n c e  o f  e x c e s s  

n u c l e o p h i l e s , ^  a s  i n  t h e  r e a c t i o n s  w i t h  h yd rogen  h a l i d e s ,  t h e s e  

i n t e r m e d i a t e s  a r e  q u a n t i t a t i v e l y  t r a p p e d ;  The s u b s t i t u e n t  Y has  a 

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

p a t h  (b )  and ( d )  i n  scheme 4."23. Under v e r y  a c i d i c  c o n d i t i o n s  t h e

c h l o r i d e s  200 and 201 have a h i g h e r  p r o p o r t i o n  o f  r e a c t i o n  v i a  p a th  (b )
'

a s  t h e  c h l o r i n e  (Y) i s  l e s s  b a s i c  t h a n  a c e t a t e  g ro u p .  The p a t h  ( c )  i s  

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

c h l o r i d e  [ p a t h  ( d ) ]  i s  e v i d e n t ^



CHUTER, V ; REACTIONS OF IPSO-ADDUCTS WITH NUCLEOPHILES IN NEUTRAL OR
WEARILY ACIDIC MEDIA:

5.1  I n t r o d u c t i o n ;

■

Aromat ic  compounds were one o f  t h e  e a r l i e s t  c l a s s e s  "of

compounds a v a i l a b l e  t o  c h e m i s t s ,  b u t  s t i l l  t oday  i t  i s  d i f f i c u l t  t o
e

a c c e s s  some a p p r o p r i a ^ i y  f u n c t i o n a l i z e d  a r e n e s .  The u n iq u e  f e a t u r e  i n  

t h e  o v e r a l l  t r a n s f o r m a t i o n  in d u c e d  by a d d u c t  f o r m a t i o n  on
3

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

i n  a s i n g l e  s t e p  i n t o  commonly a v a i l a b l e  a r o m a t i c  compounds. Such-a

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

f u n c t i o n a l  g r o u p s  and d e v e lo p  r o u t e s  t o  o t h e r  c y c lo h q x a d ie n y l*

d e r i v a t i v e s  and f u n c t i o n a l i z e d  a r o m a t i c  compounds in  a r e g i o s e l e c t i v e
69-

manner .  P r e v i o u s  work in  t h i s  a r e a  g i v e s  c l e a r  i n d i c a t i o n s  r e g a r d i n g  

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

; The work d e s c r i b e d  i n  C h a p t e r  IV d e a l s  p r i m a r i l y  w i t h

r e a c t i o n s  u nde r  a c i d i c  c o n d i t i o n s ,  whereby i t  i s  e s t a b l i s h e d  t h a t  

i p s o - n i t r o c y c l o h e x a d i e n y l  c a t i o n s  c a n  be r e g e n e r a t e d  and u se d  f o r  

t h e  p r e p a r a t i o n  o f  o t h e r  d i e n e s  and a r o m a t i c  compounds. However w i t h  

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

group  become more i m p o r t a n t .  The re  i s  a wide body of  e v i d e n c e
. '

c o n s i s t e n t  w i t h  t h e  p r o p o s i t i o n  t h a t  t h e  r e a c t i o n s  p r o c e e d > v i a  an

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 o l v o l y s i s  of  the- n i t r o  g roup  has  been

o b s e r v e d  i n  weakly 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  when t h e  a d d u c t  i s  a

  L s r t i a r y  a c e t a t e  77,  t h e  a c e t a t e  g roup  m i g r a t e s  i n t r a m o l e c u l a r l y  t o  t h e

a d j a c e n t  c a r b o n ,  which a f t e r  p r o t o n  l o s s  g i v e s  t h e  a r o m a t i c  a c e t a t e  
82

.(scheme 5.1) ■. . ,
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Scheme 5 .1  Ref 82.

263

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

was shown t h a t  no exchange  w i t h  o t h e r  n u c l e o p h i l e s  such  as a c e t i c  

a c i d - d ^  o r  p r o p i o n i c  a c i d  o c c u r r e d .  A few examples  o f  1 , 3 - a c e t a t e  

m i g r a t i o n  in  t e r t i a r y  a c e t a t e s  a r e  a l s o  known.^ A r o m a t i z a t i o n  of  

l - t - b u t y l - A - 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  83 i n  a c e t i c  

acid-d% i n  t h e  p r e s e n c e  of  t r i f l u o r o a c e t i c  a c i d  gave 5 - t - b u t y l  

- 2 - m e t h y l p h e n y l  a c e t a t e  (264)  i q  87% y i e l d  (scheme 5 . 2 ) .  'No exchange  of  

t h e  a c e t o x y  g roup  was n o t e d  i h  Che a r o m a t i z a t i o n  of

1 , 2 , 4 - t r 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  (scheme 5 . 3 ) .

H O A C &

OAC

83 264

NO2

M  *

265

^ Scheme 5 >2 Ref 84

i OAc
265a
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Scheme 5 .3  Ref 130

269

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

c a t i o n s  and a c e t a t e  a n i o n  w i t h i n  t h e  s o l v e n t  ca ge  to  t h e  i s o m e r i c  

s e c o n d a r y  a c e t a t e s ,  o r  a c o n c e r t e d - p r o c e s s  i n v o l v i n g  1 , 3 - a c e t a t e
t

b r i d g i n g ,  i n  each  c a s e  f o l l o w e d  by a r o m a t i z a t i o n  i n v o l v i n g  l o s s  of  

n i t r o u s  a c i d ,  c o u ld  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  264, 

268 and 269.

When 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 ,  a r o m a t i z a t i o n  v i a  

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

(scheme 5 . 4 ) ,  as  e x e m p l i f i e d  f o r  t h e  adduc t  76 from t o l u e n e .

-NO

DAc

76 76a

-H

OAc
265a

Scheme 5 . 4  Ref  82

On c ha ng ing  t h e  a c e t a t e  g ro u p  t ô  o t h e r  f u n c t i o n a l  g r o u p s  a
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s i m i l a r  r e a c t i o n  can o c c u r .  Th i s  p r o c e s s  has  been e l e g a n t l y  u t i l i z e d  by
131 ^ . ' '

Myhre t o  d e v e lo p  a  r e g i o s e l e c t i v g  r o u t e  t o  t h e  s y n t h e s i s  of

5 - X - h e m i m e l i t e n e s . '  The 3 , 4 , 5 - t r i m e t h y l - 4 - n i t r o r c y c l o h e x a - 2 , 5 -die r iy l*

c h l o r i d e  (279)  o b t a i n e d  from t h e  c o r r e s p o n d i n g  a c e t a t e  79 unde rwent

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

té t raméthylammonium bromide  i n  m e th y le n e  c h l o r i d e ,  f o l l o w e d  by

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

a r e n e s  (scheme 5 . 5 ) .  • -

, o

AcONO] HCl-

279

NaX

HNO2

272
I

Me.NBr

■ ' * 271

Scheme 5 .5

T h e ‘b e h a v i o u r  of  s e c o n d a r y  n i t r o d i e n o l s  i s  somewhat d i f f e r e n t

f r o G t h a t  o f  t h e  a c e t a t e s .  In  t h e  s o l y d ^ y s i s  o f  t h e  n i t r o d i e n o l s . a

m ajo r  p o r t i o n  of  f h e ’a r o m a t i z a t i o n  r e a c t i o n  i s  p r ec e de d  by^an  
, 'Z -  ̂ 132
i n t r a m o l e c u l a r  hydrogen  s h i f t  (NIH s h i f t )  . R e a c t i o n s ,  p s i n g  l a b e l l e d

d i e n o l s  have shown t h a t  abou t  25 -30% 'o f  t h e  p i o d u c t  a r i s e s  f rom such a
^  ' 

p r o c e s s  (scheme 5 . 6 ) . - ,  ’•* * ’ ,

V I . \
y
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Scheme 5 .6  '

219

The hydroxy  g roup  s t r o n g l y  s t a b i l i z e s  t h e  r è a f r a n g e d  c a t i o n

273b-and  t h i s  f a v o u r s  t h e  r e a r r a n g e m e n t  p r o c e s s .  S i m i l a r  i s o t o p i c '
1 3 2  , _

s t u d i e s  w i t h  a c e t a t e s  i n d i c a t e  t h a t  on ly  0.3% of  t h e  r e a c t i o n  i n  t h i s

c a s e  o c c u r s  v i a  an NlH s h i f t .  y

The r e a c t i o n s  shown i n  scheme 5 .5  r e s e m b le  d i r e c t

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

s u b s t i t u t i o n  ( S „ ' )  a r e  a l s o  known. N u c l e o p h i l i c  s u b s t i t u t i o n  on th e
^  I* / f

1 , 4 - d i e n e  93 o b t a i n e d  by n i t r a t i o n  o f  4 - n i t r o - o - x y l e n e  y i e l d s

3 - X - 4 - n i t r o - o - x y l e n e  d e r i v a t i v e s  274 by a l l y l i c  s u b s t i t u t i o n  o f  a c e t a t e  
, 6 5

group  (scheme 5 .7 )  . The g r e a t e r  r e a c t i v i t y  of  t h e  d o u b l e  bond b e a r i n g

t h e ' n i t r o  g roup  makes t h i s  p r o c e s s  f a s t e r  t h a n  d i r e c t  r e p l a c e m e n t .
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93

KCN-CH3 CN

N

' "NO:

274

Scheme 5 .7

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

ro i f te s  to  tl% s y n t h e s i s  of  n i t r o d i e n y l ' d e r i v a t i v e s  b e a r i n g  oxygena ted
\  2'  7 9

f u n c t i o n a l  g roups  have been  d e v e l o p e d .  A l k a l i n e  h y d r o l y s i s  or
133 '

r e d u c t i v e  c l e a v a g e  by a luminium h y d r i d e  of  a c e t g t e s  a l l o w  s y n t h e s i s  „
'i * ^H

of  the  n i t r o d i e n o l s  i n  a s t e r e o s p e c i f i c  manner  (s'cheme 5 . 8 ) .

WO2  -

"OAc
Z-80

NO 2

NaOH-FIeOH

Oj 'A-lEt 3 -THF

ÙH

275

Scheme 5" . 8

R e d u c t io n  of  n i t r o d ^ e n o n e s  by m i ld  r e d u c i n g  a g e n t s  l i k e
' , 132

sodium b o r o h y d r i d e  has  been  shown by Myhre , t o  be an e f f i c i e n t  r o u t e  

to. the  s y n t h e s i s  of  the  c o r r e s p o n d i n g  s e c o n d a r y  n i t r o d i e n o l s  (scheme 

5 . 9 ) .  . .  .
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W

D] / 180.

Scheme 5 .9

The r e a c t i v i t y  of  t h e  c a r b o n y l  g roup  towards  n u c l e o p h i l e p  to

d e v e l o p ^ t h e  s y n t h e s i s  of  a l a r g e  number o f  f u n c t i o n a l i z e d  •

l - R - 4 * - a l k y l - 4 - p i t r o c y c l o h e x a - 2 , 5 - d i e n o l s  by u s i n g  a l k y l l i t h i u m  r e a g e n t s

as  n u c l e o p h i l e s  h a v e -b e e n  e x p l o i t e d  by s e v e r a l  workers  (G.N.Henderson
1 3 4

and S .S a nka ra ra m a n  ) .  T h i s  r o u t e  a l s o  a l l o w s  t h e  s y n t h e s i s  of  

. i p s o - a d d u c t s  no t  o b t a i n a b l e  by d i r e c t  n i t r a t i o n .  Qrignar 'd  r e a g e n t s  

add i n  a 1 ,4 -m a nne r  (scheme 5 . 1 0 ) .

NO.

RMgBr
I !

RLi

R OH
. ■ 56 

Scheme .5 .10

A t t a c k  by n i t r o g e n  n u c l e o p h i l e s  on t h e  c a r b o n y l  g roup  of
:

d i e n o n e  56 faas a-lso been  i n v e s t i g a t e d  and- shown to  be a v i a b l e  s y n t h e t i c

r o u t e  to  r e p l a c e  t h e  hydroxy group  of  c r e s o l s  by v a r i o u s
6 9

n i t r p g e n - b e a ç i n g  f u n c t i o n a l  ^ o u p s  (scheme 5 . 1 T > |  .



56

NH.OH-HCl 
-—  ----------------------- (

-HgO

■HNO:

56a

2,4-DNP

H N O

181,

276

56b 

Scheme 5 .11

277

Dienones  a r e  u n s t a b l e  and i s o l a t i o n  and p u r i f i c a t i o n  can be 

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

o b t a i n e d  from a n i s o l e  d e r i v a t i v e s .  The die  nes  o b t a i n e d  from the  

n i t r a t i o n  of  a n i s o l e s  a r e  e a s i l y  i s o l a t e d  a s  pu re  s o l i d s  and a r e  

r e l a t i v e l y  s t a b l e .  During  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  of t h e s e  d i e n e s ,  

i n t e r m e d i a t e  d i e n o n e  f o r m a t i o n  was o b s e r v e d  in  h ig h  y i e l d s ,  when 

n u c l e o p h i l i c  s o l v e n t s  were used  (MeOH). C o n s e q u e n t ly  t h e s e  d i e n e s  would 

s e r v e  as  s y n t h o n s  f o r  t h e  c o r r e s p o n d i n g  d i e n o n e s . .  Th is  has  been 

i n v e s t i g a t e d  in  t h i s  c h a p t e r .

The r e a c t i o n s  o f  t h e s e  d i e n e s  r e s e m b le  t h o s e  of o t h e r  

s eco n d a ry  a c e t a t e s  i n  t h a t  t h e s e  a l l o w  r e a d y  éxchange  (by h a l i d e s )  and 

m o d i f i c a t i o n  (by a c i d  n y a r o i y s i s )  o f  t h e  a c e t a t e  g ro u p .  The 

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

n u c l e o p h i l i c  c o n d i t i o n s  and b) o f  o t h e r  m o d i f i c a t i o n s  ( e . g .  by AIH3 

r e d u c t i o n )  o f  t h e  a c e t a t e  g ro u p  e x i s t .  The r e s u l t s  o b t a i n e d  from

4
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i n v e s t i g a t i o n s  of  t h e s e  r e a c t i o n s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g

4 *s e c t i o n .

5 .2  R e s u l t s  and d i s c u s s i o n ;  t

The r e a c t i o n s  d e s c r i b e d  i n  t h i s  s e c t i o n  can be . c l a s s i f i e d  

b r o a d l y  on t h e  b a s i s  o t  t h e  r e a g e n t s  used  v i z :

1) Common n u c l e o p h i l e s

2) Meta l  h y d r i d e s .

. The r e a c t i o n s  o f  d i e n e s  100 and 101, o b t a i n e d  from 4 - c h l o r o -  and

4 - b ro m o to lu e n e  w i th  common n u c l e o p h i l e s ,  were found to  d i f f e r  from t h e

b e h a v io u r  of  t h e  dj /enes from a n i s o l e  and s h a l l  be d i s c u s s e d  s e p a r a t e l y .
i

The r e a c t i o n s  of  m e ta l  h y d r i d e s  w i th  d i e n e s  have been d i s c u s s e d  i n  t h e  

t h i r d  p a r t  of  t h i s  s e c t i o n .  ■ ''

5 . 2 . 1 :  R e a c t i o n s  of  Dienes  from 4 - c h l o r o -  and 4 - b r o m o t o l u e n e . :

A f t e r  o v e r n i g h t  s t i r r i n g  of  an aqueous ,  m e t h a n o l i c  s o l u t i o n  o f

d i e n e  1 0 0  a t  ambien t  t e m p e r a t u r e ,  30% o f  u n r e a c t e d  d i e n e  was r e c o v e r e d ,

a lo n g  w i th  61% 5 - c h l o r o “ o - c r e s y l '  a c e t a t e  (186)  and 9%
'

4 - c h l o r o - 3 - n i t r o t o l u e n e  ( 1 2 2 ) .  When t h e  r e a c t i o n  was r e p e a t e d  in  t h e

p r e s e n c e  o f  added sodium a c e t a t e  ( 2  mol p r o p o r t i o n s )  a f t e r  2  days  a t

am bien t  t e m p e r a t u r e ,  a m i x t u r e  o f  compounds 186, ( 8 8 %) and 1 2 2 , ( 1 2 %)

was o b t a i n e d .  The m ix t u r e  was s e p a r a t e d  by ch ro m a tog raphy  on s i l i c a

g e l .  E a r l y  f r a c t i o n s  u s i n g  2% e t h e r - p e t r o l e u m  e t h e r  m i x t u r e s  gave

compound 122. Compound 186 was e l u t e d  w i t h  5% e t h e r - p e t r o l e u r a  e t h e r

m i x t u r e s .  Both compounds had s p e c t r a l  and p h y s i c a l  c h a r a c t e r i s t i c s

s i m i l a r  t o  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e .  When d i e n e  100 w a s , s t i r r e d
*■

w i t h  a m i x t u r e  o f  p o t a s s i u m  c y a n id e  18-crown-6  i n  a c e t o n i t r i l e - d 3 . t h e

/
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major  p ro d u c t  Was c r e s o l  2 1 3 .  S i m i l a r  r e s u l t s  were o b t a i n e d  when a

h e t e r o g e n o u s  m i x t u r e  o f  aqueous  potassiuif i  cy^anide and

té t ram éthylammonium bromide  and a m e th y le n e  c h l o r i d e  s o l u t i o n  of  d i e n e

100 was s t i r r e d  24h.  When a sodium t h i o p h e n o x i d e  s o l u t i o n  i n  ^

a c e t o n b t r i l e  c o n t a i n i n g  d i e n e  1 0 0  was s t i r r e d  f o r  15h t h e  major  p r o d u c t

w a s , a c e t a t e  186 and d i p h e n y l  d i s u l f i d e .  ,

A f t e r  s t i r r i n g  d i e n e  101 i n  an aqueous m ethano l  s o l u t i o n  a t

ambient  t e m p e r a t u r e  f o r  t h r e e  d a y s ,  a m ix t u r e  of  c r e s y l  a c e t a t e  193,

( 6 6 %), t o l u e n e  124, (24%) and u n r e a c t e d  d i e n e  101,  (10%) was o b t a i n e d .

I n  t h e  p r e s e n c e  of  sodium a c e t a t e  t h e  d i e n e  101 a r o m a t i z e d  c o m p l e t e l y

o v e r  a p e r i o d  o f  6  days  t o  a m i x t u r e  o f  c r e s y l  a c e t a t e  193,  (80%) and

t o l u e n e  124,  (20%). Both compounds, were o b t a i n e d  pure  a f t e r  s e p a r a t i o n

by ch rom a tog raphy  on a s i l i c a  column.  '  ■

R e a c t i o n s  o f  ( Z ) - 3 - c h l o r o - 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  c h l o r i d e  C201) w i th  p o t a s s i u m  c y a n id e  l e d  t o  the  f o r m a t i o n  of

2 , 4 - d i c h l o r o t o l u e n e  (209)  and 5 - c h l o r o ' - o - c r e s o l  (213)  as  t h e  major

p r o d u c t s .  In the  GCMS of  . the  p r o d u c t  m i x t u r e ,  t h e  peaks due to

p - c h l o r o t o l u e n e  ( 1 1 1 ) ,  2 - n i t r o - p - c r e s o l  (168)  and a n o t h e r  compound 
*

h a v in g  a m o l e c u l a r  io n  m/e=153,151 c o r r e s p o n d i n g  to  c h l o r o t o l u o n i t r i l e  

(278)  were found.  When t h e  r e a c t i o n  was r e p e a t e d  i n  t h e  p r e s e n c e  of  

added 18-crown-6  t h e  on ly  p r o d u c t  was 209.  S i m i l a r  r e s u l t s  were 

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

(m e th y le n e  c h l o r i d e  -  w a t e r )  c o n t a i n i n g  added té t r am é th y lam m oniu m  

io d id e . - .  On s t i r r i n g  a s o l u t i o n  o f  d i e n e  201 in  aqueous m e th a n o l  f o r  12 

ho u r s  a m i x t u r e  of  c r e s o l  213,  (20%), 5 - c h l o r o - o - c r e s y l  m e thy l  e t h e r  

( 2 5 6 ) ,  (38%), 2 - n i t r o - p - c r e s o l  ( 1 6 8 ) ,  (26%), p - c h l o r o t o l u e n e  ( 1 1 1 ) ,  

(12%) and t h e  3 - n i t r o -  compound 122 ,  (4%) was o b t a i n e d .  The prod-ucti.
7 0 '

o b t a i n e d  from t h e  r e a c t i o n s  o f  d i e n e s  1 0 0 , 1 0 1  and . d e s c r i b e d  h e r e  

i n d i c a t e  t h a t  under  n u c l e o p h i l i c  and weakly a c i d i c  c o n d i t i o n s  t h e
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r e a c t i o n s  p roceed  p r e d o m i n a n t l y  v i a  e l i m i n a t i o n  o f  n i t r o u s  a c i d .  The

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

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

by a d d i t i o n  of 18-crovm-6 i n c r e a s e s  t h e  r a t e  o f  e l i m i n a t i o n  and f a i l s  t o

produce  any n o t i c e a b l e  s u b s t i t u t i o n .  However i t  i s  p o s s i b l e  t o  g e n e r a t e  
Met h e  Ŵ , i n  such  s o l v o l y t i c  c o n d i t i o n s  from t h e  h a l i d e s  200 and 201 by 

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

When d i e n e  201 was s t i r r e d  a t  ambien t  t e m p e r a t u r e  f o r  15h
I

w i t h  s i l v e r  a c e t a t e  i n  a c e t i c  a n h y d r i d e  a m ix t u r e  c o n t a i n i n g  18% of  

a c e t a t e  d i e n e  100 was o b t a i n e d  a s  shown i n  scheme 5 .1 2 .

JNOz
Cl

s.'''
OAc

Gl Cl CL OH - Cl
201 100,,18% 121, 68% 168, 9% 209% 5%

Scheme 5 .12  , •

The mechanism i n v o l v e d  i n  t h e  f o r m a t i o n  of  121 and 168 v i a  

Ŵ  was d i s c u s s e d  i n  c h a p t e r  IV (scheme 4 . 1 8 ) .  R e a c t i o n  w i t h  s i l v e r  

n i t r a t e  i n  m e tha no l  a t  0°C f o r  n i n e t y  m in u t e s  y i e l d e d  a m i x t u r e  o f  63% 

d ie n o n e  56 and 36% of  a s i n g l e  d i a s t e r e o m e r  o f  3 - c h l o r o - 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  .methyl  e t h e r  ( 2 0 2 ) .  P u r e  d i e n e  2Q2 was 

o b t a i n e d  a f t e r  ch rom a tography  on an a lu m in a  column a t  -7 8 °C .  S i m i l a r  

r e a c t i o n  .with t h e  d i e n e  i p i  a l s o  y i e l d e d  37% d ie n o n e ,  56 and 63% of  a

s i n g l e  d i a s t e r e o m e r  o f  3 - b r o m o - 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
1 13 , .

m eth y l  e t h e r  ( 2 0 3 ) .  The H-NMR and C-NMR s p e c t r a  of  t h e s e  d i e n e s  were

s i m i l a r  to  t h o s e  o f  t h e  s t a r t i n g  d i e n e s  100 and 101 and c o u ld  be
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e x p l a i n e d  on t h e  b a s i s  o f  t h e  a s s i g n e d  s t r u c t u r e s .  The s p l i t t i n g  

p a t t e r n  i n  t h e s e  d i e n e s  a l s o  i n d i c a t e d  th e 4 e  had t h e  Z - c o n f i g u r a t i o n  as  

in  the  s t a r t i n g  d i e n e .  The " î - s t e r e o c h e m i s t r y  o f  d i e n e  20^ was c o n f i r m e d  

by m é t h y l a t i o n  o f  t h e  d i e n o l  204 formed by s o l v o l y s i s  of  t h e

■Z-ace ta te  100.  In  t h e  l a t t e r  r e a c t i o n  the  d i e n y l  C-0 bond i s  no t  b roken  

and th u s  t h e  Z - s t e r e o c h e m i s t r y  i s  p r e s e r v e d  i n  t h e  d i e n y l  methy l

e t h e r  202.

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

c o u r s e  of  t h e  r e a c t i o n s  l e a d i n g  to- 1 , 2 - a d d u c t  f o r m a t i o n .  A l l  t h e

1 , 2 - a d d u c t s  f rom I p s o - n i t r a t i o n  h i t h e r t o  known have been i s o l a t e d  as*

a s i n g l e  d i a s t e r e o m e r .  The work d e s c r i b e d  in  t h i s  d i s s e r t a t i o n  has  .

shown t h a t  t h e  n i t r a t i o n  r e a c t i o n  l e a d s  to  ( Z ) - d i a s t e r e o m e r s  and t h i s

' ( Z ) - c o n f i g u r a t i o n  i s  r e t a i n e d  i n  t h e  r e a c t i o n s  where t h e  a c e t a t e  i s

r e p l a c e d  by h a l i d e ,  o r  i n  r e a c t i o n s  w i t h  HCl and HBr. The

( Z ) - c o n f i g u r a t i o n  i s  a g a i n  r e t a i n e d  on c o n v e r s i o n  of  t h e  h a l i d e  t o

m ethy l  e t h e r .  Such s t e r e o s e l e c t i v i t y  i s  i n  c o n t r a s t  t o  t h a t  o b s e r v e d - i n

the  1 , 4 - a d d u c t s  ( as  i n  scheme 2 / 5 )  where ànostT e q u a l  p r o p o r t i o n s  of  b o t h  
-

d l a s t e r e o r a e r s  a r e  formed in  t h e  i n i t i a l  n i t r a t i o n  and on s u b s t i t u t i o n  o f
135

t h e  a c e t a t e  by h a l i d e ^ ,  I joth d l a s t e r e o m e r s  a r ç  a g a i n  o b t a i n e d

H C l ■ g a s  . 
' 7 a 'C

( E ) - 8 1

Scheme 5 .13

279 (Z-and  E) . .

The s t e r e o c h e m i s t r y  o f  a c e t y l ' n i t r a t e  a d d i t i o n  t o  o l e f i n s  has
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invoked  c o n s i d e r a b l e  i n t e r e s t .  I n i t i a l  s t u d i e s  by G a r b l s c h  and B ordw e l l

showed t h a t  a m a jo r  po t r t ion  of  t h i s  r e a c t i o n  p r o c e e d s  as 
136a

^ c i s - a d d i t i o n  . In  l a t e r  s t u d i e s  w i t h  s u b s t r a t e s  c a p a b l e  o f  p r o d u c i n g
r  • 13 7
s t a b l e  c a r b o c a t i o n s ,  p r e d o m i n a n t ly  a n t i  a d d i t i o n  was o b s e rv e d   ̂ ‘as

shown i n  scheme 5 . 1 4 .

/

H
AcONOz^ D*C

H;
H -

-0 4 c
- N O ;

c i s - 2 - b u t e h e

t r a n s - 2 - b u t e n e

Ref 136

AcONO 2 " Ac 2 O

P(-j - 2 0  t o  0°C (5min)

Ref 137 

Scheme 5 .1 4

E t y t h r o  (70%)

Threo  (65%)

/

I t  has  been  p ropose d  t h a t  i n ' t h e  f o r m a t i o n  of  1 , 2 - a d d u c t s  t h e
Mg

a c e t i c  a c i d  r em a ins  c l o s e l y  a s s o c i a t e d  w i t h  t h e  W w i t h i n  t h e  e n c o u n t e r
Me ' +

p a i r  and a t t a c h e s  t o  t h e  same f a c e  o f  t h e  W as. t h e  NO2  l e a d i n g  to  t h e  
76

Z- isom e r  . T h i s  p r o p o s a l  f a i l s  t ô ‘e x p l a i n  why t h e  s u b s e q u e n t  

s u b s t i t u t i o n  r e a c t i o n s  p roceed  w i t h  r e t e n t i o n  of  c o n f i g u r a t i o n .  I t  a l s o  

does  no t  e x p l a i n  why no ( E ) - d i a s t e r e o m e r  i s  formed unde r  e q u i l i b r a t i n g  

c o n d i t i o n s .  The r e a c t i o n  of  d i e n e  100 w i t h  Ac20(dg)+TFA l e a d i n g  to
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exchange  of  a c e t a t e  w i th  t h e  d e u t e r a t e d  a n a lo g  i n  a c e t i c  a n h y d r i d e  o n l y  

p roduces  t h e  ( Z ) - d i a s t e r e o . m e r .

The ( E ) - d i a s t e r e o m e r s  1^9,  192 and 196 have been d e t e c t e d  and 

c h a r a c t e r i z e d  d u r i n g  t h e r m a l  r e a c t i o n s ,  and were fo u n d " to  s u r v i v e '  

t r e a t m e n t  w i t h  ammonia f o l l o w e d  by ambien t  t e m p e r a t u r e  work up.  T h i s  . 

shows t h a t '  i f  t h e s e  d i e n e s  were formed i n  t h e  n l t t ’a t i o n  r e a c t i o n ,  i n  

i d o l a b l e  y i e l d s  t;hey would have been  i s o l a t e d  and d e t e c t e d .  Thus t h e  ' 

( Z ) - d i a s t e r ' e o m e r  a p p e a r s  t o . b e  fprmed s e l e c t i v e l y  ynde r  b o th  k i n e t i c  and 

thermodynamic c o n d i t i o n s .  ' , ’ . .

R e t e n t i o n  o f  c o n f i g u r a t i o n  on r e a c t i o n  o f  t h e  a c e t a t e  w i t h  

hydrogen* h a l i d e s  would occu r  i f  t h e  r e a c t i o n  p r o c e e d s  v i a  an 

mechanism as  shown in  scheme 5J 5 .

OAc
H X

t h :

0 -

6-

-HX.

D̂ COMe

• A

\

3

Scheme 5.15
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The two h i g h l y  o r g a n i z e d  t r a n s i t i o n  s t a t e s  A and B shown i n  

scheme 5,15 can  a r i s e  a f t e r  c o o r d i n a t i o n  o f  HX w i t h  e i t h e r  of- t h e  two
■ 7e s t e r  oxygens f o l l o w e d  by . d e l i v e r y  of  t h e  n u c l e o p h i l e  on the  same f a c e

which b e a r s  t h e  a c e t a t e .  A . s i m i l a r  t r a n s i t i o n  s t a t e  c o u ld  e x p l a i n  t h e
' ■ - ■ • - .

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

c a t a l y z e d  by, s i l v e r  s a l t ' s  a s  shown i n  scheme 5 . 1 6 .

H

-OMe

Scheme 5 .16

’ I t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  be tween  th e  a t t ack ,  a t  C-5

and C-1 w i t h  t h e  p r e s e n t  body o f  e v i d e n c e .

The r e a c t i o n  of  hydrogen  c h l o r i d e  w i th  t h e  l ; 4 - a d d u c t  81 

. ' y i e l d e d  a m i x t u r e  of  d i a s t e r e o m e r i c  ^ c h l o r i d e s  Z-279 and E-279 a s  shown 

i n  scheme 5 . 1 3 .  These, were no t  i s o l a t e d ,  and  i t  i s  d i f f i c u l t  to  p r e d i c t  

w h e th e r  t h e  r e a c t i o n  p r o c e e d e d  v i a  p a r t i a l  r e t e n t i o n  o r  i n v e r s i o n ,  bu t  

t h e  r e s u l t  does  i n d i c a t e  th-at a t  l e a s t  p a r t  o f  t h e  r e a c t i o n  p r o c e e d s  v i a
. J '

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

T h e ^ t e r t i a r y  a c e t a t e s  Z-83 and E-83 o b t a i n e d  by 1 , 4 - a d d t t i o n  

o f  a C e t y l  n i t r a t e  t o  p - t - b u t y l % t o l u e n e ,  when t r e a t e d  w i t h  HCl gave b o t h  

d l a s t e r e o m e r s  o f  t h e  1 , 4 - c h l o r o n i t r o - a j d u c t s  Z-280 and E-280. a lo n g  w i th

one d i a s t e r e o m e r  o f  1 , 2 - a d d u c t  281.  A s im i l a r^  p r o d u c t  m i x t u r e  was
■ " 84

o b t a i n e d  when th e  s e c o n d a r y  a c e t a t e  104 was t r e a t e d  w i t h  HCl . The •

1 , 4 - c h l o r o n i t r o - a d d u c t s  (Z) and ( E ) - 2 8 0  on t r e a t m e n t  w i t h  s i l v e r  a c e t a t e
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i n  a c e t i c  a c i d  gave a m i x t u r e  o f  b o t h  d l a s t e r e o m e r s  o f  1 , 4 - a c e t a t e  83

and one  d i a s t e r e o m e r  of  1 , Z - a c e t a t e  104.  I f ,  an S(j! mechanism was

I n v o lv e d  In  t h e s e  r e a c t i o n s ,  - then t h e  ( E ) - d l a s ' t e r e o m e r  of  104 would have
%

been  formed from t h e ' ( b ) - l , 4 - a d d u c t , E -280 .  Diene  104 ,  t h e  oi>ly-

1 , 2 - a d d u c t  ob t .a lned  has  been shown to  have t h e  ( Z ) - c o n f I g u r a t i o n ,  and

I t s  f o r m a t i o n  from ( E ) - l  , 4 - a d d u c t  E-280 would n e c e s s a r i l y  I n v o l v e  a

c a t i o n i c  I n t e r m e d i a t e  w i t h  some' f a c t o r  c o n t r o l l i n g  t h e  a p p ro a c h  of  t h e

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

Z - d l a s t e r e o m e r . Such s t e r e o s e l e c t i v i t y  c o u ld  g r l s e  from s t e r l c  a p p ro a c h

c o n t r o l  o f  t h e  r e a g e n t .  An example f o r  such  s t e r l c  a p p ro a c h  c o n t r o l  I s
'  '  121

r e p o r t e d  by B a r t o l l l  and h i s  coworker-s In  t h e  f o r m a t i o n  o f  t h e
'  ■

n l t r o n a t e  a d d u c t s  from 4 - m e t h o x y - l - n l t ' r o n a p h t h a l e n e  and RMgX as

^  shown In  scheme 5 . 1 7 .  In  t h e  I n t e r m e d i a t e  282 t h e ' a l k y l  g ro u p  p r e f e r s  

an e x l a l  o r i e n t a t i o n  283A t o  r e l i e v e  t h e  s t e r l c  I n t e r a c t i o n  w i t h  t h e
*

a d j a c e n t  n l t r o  g roup  which would be  p r e s e n t  I n  t h e  o t h e r  c o n fo rm er  283B. 

The a x i a l  a l k y l  g roup  h i n d e r s  t h e  a x i a l  a p p ro a c h  of  t h e  p r o t o n  from t h e  

same f a c e .  The m ajo r  a d d u c t  I s  t h u s  t h e  one w i t h  ( Z ) - c o n f I g u r a t i o n  

formed by p r o t o n a t i o n  from th e  f a c e  a n t i . t o  t h e  m e th y l  g r o u p .  The 

s t e r e o s e l e c t i v i t y  I n c r e a s e d  when b u l k i e r  a l k y l  g ro u p s  and e l e c t r o p h l l e s  

( h a l o g e n s  from h y p o h a l l t e s )  were u s e d .
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RM gX
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OMe %
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Scheme 5.17
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s - I n  t h e  from any.' 'of these"’a ro i f t a t i c s - , s t u d i e d  i n  t h i s  

d i s s e r t a t i o n ,  ' two l i t a i t i ' n g  c o n f i r m a t i o n s  a r e  p o s s i b l e  as  shown I n  AA and 

BB. ..

'  ' '  . BB . • AA

■■■ '  ' •. Scheme 5 .1 8  .

' '  ' . :
- i . .  < ;

The a x i a l  m ethy l  group in  t h e  co n fo rm er  ^  c ou ld  s t a b i l i s e
: r  ^

t h e  c a t i o n  by o v e r l a p  o f - .bonding p a i r . b e t w e e n  (C-CH3 ) .  T h i s  would a l l o w  

p a r t i a l  deve lopm en t  of. t h e  a r o m a t i c  s , e x t e t .  T h i s  a x i a l x o r i e n t a t i o n  ,of 

t h e  m ethy l  group  would h i n d e r  a t t a c k  o f  t h e  n u c l e o p h i l e  from th e  game
t *v. .

s i d e  and l e a d  t o  p r e dom inan t  f o rm a t l o r j  o f  ( Z ) - l , 2 - a d d u d t s . v. I n  c o n t r a s t  

t h e  a t t a c k  a t  C-4 would no t  be a f f e c t e d  by t h e  a x i a l  m e thy l  group a t  C-1 

and b o th  d l a s t e r e o m e r s  o f  1 ^^^-adduqts  would be o b t a i n e d .

T h i s  e x p l a n a t i o n  can a l s o  e x p l a i n  t h e  r e t e n t i o n  o f  t h e  - 

( Z ) - s t e r e o c h e m i s t r y  on c o n v e r s i o n  o f  t h e  a c e t a t e  t o  t h e  c h l o r i d e s  and . in  

t u r n  to  t h e  m e th y l  e t h e r s .  A r e l a t e d  e x p l a n a t i o n  a c c o u n t s  f o r  t h e  

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

(284 ) ;  where t h e  a x i a l  n i t r o  p r e v e n t s  syn a d d i t i o n ,  due t o  s t e r i c  ;

i n t e r a c t i o n s  and l e a d s  t o  t h e  f o r m a t i o n  o f  E-284 s e l e c t i v e l y  (8 8 %) 

(scheme 5 . 1 9 ) .

%

• 'I ,
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%
1

E-284

Scheme 5 .1 9  Ref '138 ' ' 4

‘
The p r e s e n c e  of  e l e c t r o n  w i t h d r a w i n g  g roups  on t h e  c a t i o n  

s h o u ld  make t h e  c a t i o n  more r e a c t i v e  and n u c l e o p h i l i c  t r a p p i n g  v i a  

e i t h e r  o f  t h e  two c on fo rm er s  AA'and BB p r i o r  t o  any e q u i l i b r a t i o n  

be tween  t h e  two becomes l i k e l y .  T h i s  i s  r e f l e c t e d  i n  t h e  n i t r a t i o n  of
y  '

n i t r o a n i s o l e  116 where n u c l e o p h i l i ç  a t t a c k  a t  C-T i s  f a s t e r  t h a n  a t  C-5 '

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

( E ) - d i a s t e r e o m e r  152 i s  fo rmed .  Th i s  c o u ld  a l s o  a r i s e  from t h e  

e q u i l i b r a t i o n  o f - t h e  Z - d i a s t e r e o m e r  151 in  t h e  r é a c t i o n  m ed ia ,  a s . i n  the  

' ( E ) - d i a s t e r e o r a e r  t h e  a c e t o x y  g roup  i s  a x i a l  and removed from the  p lane  

o f  t h e  n i t r o  g roup  on C-2 .  ■ '

S i m i l a r L l y  i n  t h e  r e a c t i o n  o f  2 - c a r b o m e t h o x y f u r a n  w i th

a c e t y l  n i t r a t e  e q u a l  p r o p o r t i o n s  o f  b o t h  ( Z - )  and (E - )  a d d u c t s  a r e  

formed.  I n  b o t h  c a s e s  t h e  c a t i o n  i s  d e s t a b l i z e d  and t h e r e f o r e  made more

r e a c t i v e  due to  t h e  p r e s e n c e  o f  e l e c t r o n  w i th d ra w in g  g ro u p s  on t h e
■

r i n g .  , , ■ '
.

■ ‘ 5 . 2 . 2 ;  R e a c t i o n s  o f  Dienes  beaming Methoxy Groups :  ' ,

U n l ik e  t h e  d i e n e s  from 4 - h a l o t o l u e n e s ,  t h e  methoxy a n a l o g  
'  Me ' '■

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

c o n d i c i o a s  and t h i s  c o u ld  be  t r a p p e d  b y " s e v e r a l  n u c l e o p h i l e s . ^  ,

I Th^e d i e n e  102 i n  n e à t  m e t h a n o l - d ^  a t  0°C t o r  30 mins y i e l d e d  
- ' . . . .

a m i x t u r e  of  d i e n o n e  56, (20%) and u n r e a c t e d :  dienfe .102, ' (80%) .  On

warming t h e  r e a c t i o n  m i x t u r e - t o  ambien t  t e m p e r a t u r e  t h e  d i e n o n e  56 " .

decomposed t o  t h e  c r e s o l  1&8. D ur ing  t h e  c o u r s e  o f  t R i s  r e a c t i o n ,  t h e  
1 . - '  ' ~
H-NMR spec t rum  o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d ,  t h e  p r e s e n c e  of  an

i n t e r m e d d l e  d i e r t e . ( 2 2 6 )  w i t h  an AA'BB' p a t t e r n  i n  t h e  v i n y l i c  r e g i o n .

When d i e n é  102 w a s - s t i r r e d  a t  a m b ie n t  t e m p e r a t u r e  i n . a q u e o u s  m e tha no l

t h e  n i t r o c r e s o l  168 was O b ta ine d  as  t h e  m ajo r  p r o d u c t  a l o n g ' 'w i t h  t r a c e s
- - • '

o f  p - c r e s o l  ( 2 1 9 ) .  A s i m i l a r  r e a c t i o n  i p  t h e  p r e s e n c e  o f  sodium a c e t a t e
r  ' .

(2 mol p r o p o r t i o n s )  gave a  m i x t u r e  o f  c r e s o l  168,  and.

4,iene 22,6. The y i e l d  o f  t h e , d i e n e  226 i n c r e a s e d  and t h a t  o f  t h e

n i t r o c r e s o l  d e c r e a s e d  i n  t h e  a b s ë n c e  of  added w a t e r ,  and a l s o  on

s u b s t i t u t i n g  sodium a c e t a t e  w i t h  t r i s (h y d r d x y m e t h y l ) a m i n o : .m e th ' a n e ,  , In
'

t h e  p r e s e n c e  o f  N , N - d i i s o p r b p ÿ l e t h y l a m i n e  (NNDIPÇA) th e  d i e n e  226 was 

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

o n ly  c r e s o l  168 was o b t a i n e d .  The r e a c t i o n s  a r e  summarized i n  scheme 

5 . 2 0 .  . ^ »
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iMe

168102
?

CH3OH - -100%

CKgOH. + HgO -90%

CH3 OH + HgO- +' KaOAeC^eq) 45% 

CH3 OH + NaOAc 40%

, CH3 OH + TRIZMA ^0%

CH3 OH + NNDIPEA 

CH3 OH + NaClO^.,.

NO:

4 ^ 0 %

Scheme 5 .20

M e o  OMe 

226

^ 49% 

60% 

80% 

- 100%

“1 0 % p - c r e s o l  

6 %

' Tl\e r e s u l t s  s u g g e s t  t h a t  168 i s  formed from 226 v i a  the  - ‘ . 

d i e n o n e  and t h a t  as  would be e x p e c t e d  t h e  c o n v e r s i o n  of t h e  k e t a l  t o . a  , 

d ie n o n e  i s  i n h i b i t e d  by th e  a b s e n c e  of  a c i d  and r e d u c t i o n  of  the  amount 

o f  w a te r  p r e s e n t .

The r e a c t i o n  w i t h  p o t a s s i u m  c y a n id e  in  a c e t o n i t r i l e  and w a t e r  

produced  a m ix t u r e  of  ( Z ) -  and ( E ) - 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 c a r b o n i t r i l e  286,  (30%) and 287, (58%), r e s p e c t i v e l y ,  a lo n g  

w i t h  12% of  a r o m a t i c  compounds.  " A f t e r  o v e r n i g h t  s t i r r i n g  a t ' a m b i e n t  

t e m p e r a t u r e  i n  t h e  p r e s e n c e  of  NNDIPEA t h e  m i x t u r e  was s e p a r a t e d  by semi 

p r é p a r â t ive-HPLC on a CN-10 column and t h e  d i e n e s  286 And 287 were

o b t a i n e d  p u r e .  The l a t e r  f r a c t i o n  e l u t e d  w i th  100% m e t h y le n e  c h l o r i d e
■

c o n t a i n e d  3 - c y a n o - p - c r e s o l  ( 2 8 8 ) .  In  t h e  a b s e n c e  of  w a t e r  in  t h e  

r e a c t i o n  m i x t u r e  u n r e a c é e d  d i e n e  102 was r e c o v e r e d .  R e a c t i o n s  w i th



' ^  145.

p o ta s s ium  t h i o c y a n a t e  a n d ' p o t a s s i u m  i o d i d e  gave p r e d o m i n a n t ly  c r e s o l  168 

a lo n g  w i th  p - c r e s o l ,  w h i l e  w i t h  p o t a s s i u m  f l u o r i d e  In  t h e  p r e s e n c e  of  • 

18-crown-6 u n f e a c t e d , d i e n e  102 was r e c o v e r e d .  R e a c t i o n  # l t h  I s o p r o p a n o l  

I n  p r e s e n c e  of  NNDIPEA gave  p r e d o m i n a n t l y  t h e  c r e s o l s  168 and 219 a lo n g  

w i th  24% of  a m i x t u r e  o f  (Z)  and ( E ) - 4 - m e t h y l - 4 -

- n l t r o c y c l o h e x a - 2 , 5-*dlenone I s p p r o p y i  m e th y l  k e t a l s  289Z and 289E. No 

a t t e m p t s  were made t o  s e p a r a t e  t h e s e  d i e n e s .  R e a c t i o n  w i th  sodium 

n i t r i t e  In  a m i x t u r e  of  a c e t o n i t r i l e  and w a t e r  gave
*

4 - r a e t h y l - 3 - n i . t r o a n l s o l e  (118)  as  the  major  p r o d u c t  in  t h e  p r e s e n c e  of

e i t h e r  sodium a c e t a t e  o r  NNDIPEA. The c r e s o l  168 was p r e s e n t  i n  bo th

r e a c t i o n s  as  a minor  p r o d u c t .

The r e a c t i o n  o f  d i e n e  102 w i t h  î ^ - d l l s o b u t y l a m l n e  gave

u n r e a c t e d  d i e n e \when s t i r r e d  f o r  4 h o u r s  i n  a c e t o n i t r i l e  a t  ambient

t e m p e r a t u r e ,  bu t  y i e l d e d  a m i x t u r e  c o n t a i n i n g  N , ^ p d l l s o b u t y l - p - t o l u l d l n e

(290)  and I t s  3 - n l t r o d e Y i v a t I v e  291 as  t h e  major  p r o d u c t s  when w a te r  was

added .  The- p u r e •t o l u l d l :  ne  290 was o b t a i n e d  from th e  m i x t u r e  by

e x t r a c t i o n  w i th  aqueous  h y d r o c h l o r i c  a c i d ,  f o l l o w e d  by b a s l f i ' c a t i o n  o f

t h q  e x t r a c t  and e x t r a c t i o n  w i t h  ' e t h e r .  A t t e m p ts  to  p u r i f y  the

n l t r o t o l u i d l n e  by ch ro m a to g ra p h y  o r  c r y s t a l l i z a t i o n ' f a i l e d  and i t  was

c h a r a c t e r i z e d  from i t s  s p e c t r a l  p r o p e r t i e s .

The d i e n e  130. g a ve ,  when s t i r r e d  In  aqueous m ethano l  In  t h e

p r e s e n c e  o f  sodium, a c e t a t e ,  2 - c h l o r o - 4 - m e t h y l - 4 - n l t r o c y c l o h e x a -

-2',  5 -d ienone .  d I m e t h y l  k e t a l  (13,5) a lo p g  w i th  4 - c h l o r o - 5 - m e t h o x y - o - c r e s y  1 
' - ' . •> 

a c e t a t e  292,  n i t r o c r e s o l  137 and a n l s o l e  136 as  shown In  scheme 5 . 2 1 .

The n i t r o c r e s o l  1 3 7 -was removed from th e  m i x t u r e  by washing  w i th  sodium .

, h y d r o x id e  and the ,  r e m a in i n g  m i x t u r e  was s e p a r a t e d  by s e r a l - p r e p a c a t l v e

HPLC on a CN-10 co lumn.  - ' .
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r

130

NO2

CHgOH-NaOAcCZeq) 135(48%) 292(17%) 136(5%)' 137(21%)
R=OAc R=Me R=H 

CügOH-HgO-NNpiPEAfZeq) 135(41%) 293(41%) 136(6%) 137(11%)
R=H

)aaci

Scheme 5.21

When t h e  r e a c t i o n  was r e p e a t e d  by s u b s t i t u t i n g  sodium a c e t a t e  w i t h  

NNDIPEA, no a c e t a t e  292 was^formed,  i n s t e a d  t h e  c o r r e s p o n d i n g  c r e s o l  

293 was o b t a i n e d  a l o n g  w i t h  o theT  p r o d u c t s  137,  136 and 135 (scheme * 

5.21). - . '
A m i x t u r e  o f  a n i s o l e  292, c r e s o l  137 and the  (Z)  and ( E ) -  

d i a s t e r e o m e r s  of  2 - c h l o T o - 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 c a r b o n i t r i l e  ('294) and (295)  was o b t a i n e d  froto t h e  r e a c t i o n  of  

d i e n e  (130)  w i t h  p o t a s s i u m  c y a n id e  i n  a c e t o n i t r i l e  and w a te r  in  t h e  

p r e s e n c e  o f  NNDIPEA. The major  d i a s t e r e o m e r  294 and c r e s o l  137 were 

each  o b t a i n e d  pu re  a f t e r  s e m i - p r e p a r a t i v e  HPLC and c r y s t a l l i z a t i o n .  The 

o t h e r  d i a s t e r e o m e r  295 was c h a r a c t e r i z e d  in  m i x t u r e s  c o n t a i n i n g  t r a c e s  

of  an unknown compound.

Both d i e n e s  151 and 154 y i e l d e d  t h e  d i m e t h y l  k e t a l  156 when 

s t i r t e d  w i th  aqueous  m ethano l  i n  p r e s e n c e  of sodium a c e t a t e .  The 

n i t r o c r e s o l s , which were p r o b a b ly  formed i n  t h e  r e a c t i o n  m i x t u r e ,  were 

removed d u r i n g  aqueous e x t r a c t i o n .  There were a l s o  t r a c e s  of some 

unknown compounds (fo rmed  by a d d i t i o n  of  m e th a n o l  a c r o s s  a d o u b le  bond)
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i n  t h e s e  r e a c t i o n s .  On s u b s t i t u t i n g  sodium a c e t a t e  w i th  NNDÎPEA t h e

majo r  p r o d u c t  was t h e  n i t r o c r e s o l  231.  No k e t a l  156 was d e t e c t e d  i n  t h e

p ro d u c t  m i x t u r e .  A t t em pts  to  p r e p a r e  t h e  cyano a d d u c t s  a l s o  f a i l e d  and

t h e  c r e s o l s  231 and 168 were t h e  m a jo r  p r o d u c t s .
1

The v i n y l i c  r e g i o n  p f  t h e  H-NMR s p e c t r a  of t h e  1 , 4 - a d d u c t s

were s i m i l a r  t o  t h a t  o f  t h e  c o r r e s p o n d i n g  d i e n o n e s .  ^The change  i n

c he m ic a l  s h i f t  o f  t h e  p r o t o n s  c o u ld  be a t t r i b u t e d  to  t h e  a b s e n c e  of  t h e

c a r b o n y l  g r o u p .  The k e t a l s  226,  135 and 156 had two s i g n a l s  i n  t h e
1 13

methoxyl  r e g i o n  i n  t h e  H and C-NMR s p e c t r u m .  The IR s p e c t r a
I  3

i n d i c a t e d  th e  a b s e n c e  o f  a c a r b o n y l  g ro u p .  The C-NMR s p e c t r a  o f

d i e n e s  286,  287,  294 and 295 had a b s o r p t i o n s  due t o  t h e  cyano group

d e m o n s t r a t i n g  i t s  p r e s e n c e  i n  t h e s e  compounds i n  s p i t e  of the  a b s e n c e  of
- 1

any s t r o n g  a b s o r p t i o n  a round  2200cm i n  t h e  IR spec t rum .

The s t e r e o c h e m i s t r y  of  ^ i e n e s  286 ,  287,  294 and 295 was

a s s i g n e d  on t h e  b a s i s  o f  c h e m i c a l  s h i f t s  of  t h e  methy l  and t h e  methoxyl  
1 13

group i n  t h e  H- and C-NMR s p e c t r a .  The m ethy l  g roup  ( i p s o  to

NO2 ) i n  t h e  1 , 4 - a d d u c t s  from p - x y i e n e ,  80 and 250,  i s  s h i e l d e d  i n  t h e
1

( Z ) - d l a s t e r e o m e r  and has  a h i g h e r  f i e l d  c h e m i c a l  s h i f t  in  t h e  H and
13

C-NMR s p e c t r u m ,  whereas  t h e  methoxyl  g roup  i s  s h i e l d e d  i n  t h e  ( E ) -  

d i a s t e r e o m e r . The s t e r e o c h e m i s t r y  o f  d i e n e  ( Z ) -250  was e s t a b l i s h e d  by 

X- ray  d i f f r a c t i o n  s t u d i e s  on t h e  c o r r e s p o n d i n g  d i e n o l  ( Z ) - 2 7 5 .  The /  

r e l e v a n t  v a l u e s  f o r  d i e n e s  286,  287,  294 and 295 a r e  g iv e n  in '  t a b l e  5 .1  

from which t h e  d i e n e s  (286 and 295) a r e  a s s i g n e d  (Z) and d i e n e s  (287 and 

294) a r e  a s s i g n e ^  ( E ) - c o n f i g u r a t i o n .
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Chemica l  S h i f t s  
1 13

X ^ 1 R2 Compound H

CHg OCH3

C

CH3 OCH 3

H OMe Me E-250 1.74 3 .03 a 52.0 r
H Me OMe Z-250 1.70 3.08 a , 52.4
H OAc Me E-80 . 1 .79 - 26.4 -

H Me OAc Z-80 1 . 7 1 - 27.8 -

H OMe CN E-287 1.81 3 . 3 4 . 26.9 52.6
H CN - OMe Z-286 1.80 3.41 26.7 52.7 '

Cl OMe CN E-294 1.86 3v23 26.6 52.0
Cl ' CN OMe Z-295 1.83 3.28 26.5 52.1

13
The C-■chemical s h i f t s  o f t h e  two CHg g r o u p s  i n  the compounds were

d i s t i n g u i s h a b l e .  

l ie 5 . 1 :  Chemical S h i f t s  (
1 13
H and C) of CH, and OCH, g ro u p s in (Z)-

and ( E ) - 2 - X - 4 - m e t h y I - 4 - n i t r o c y c l o h e x a - 2 , 5 - d i e n y I  d e r i v a t i v e s .

The f o r m a t i o n  o f  t h e  major  p r o d u c t s  i n  t h e s e  r e a c t i o n s  can  be 

e x p l a i n e d  v i a  n u c l e o p h i l i c  t r a p p i n g  of  t h e  Wheland i n t e r m e d i a t e .  The 

f o r m a t i o n  of  t h e  i n t e r m e d i a t e  (an  S^ '  type  r e a c t i o n ) ,  however ,  r e q u i r e s  

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

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

a d d u c t  depends ,  on t h e  n a t u r e  of  t h e  n u c l e o p h i l e  and t h e  r e a c t i o n  media .
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The a c e t i c  a c i d  l i b e r a t e d  i n  t h e  r e a p t i o n ^ c a n  c a t a l y z e  t h e  f o r m a t i o n  o f

d i e n o n e  i n t e r m e d i a t e s  f rom t h e . k e t a l s .  The a d d i t i o n  of  NNDIPEA red u c e s ,

t h e  a (fid c o n c e t r a t i b n  and d e c r e a s e s  t h e  r a t e  df  dien&ne f o r m a t i o n  ( t a b l e

5 .2 0 ) ' .  W h e n ' i s o b u t y i à m i n e  i s  used  as  a 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

a d d u c t  i s  d o t  i s o l a t e d  bu t  t h e  t o l u i d i n e  d e r i v a t i v e s  290 and 291 a r e

formed v i a  an i m i n i u m - i n t e r m e d i a t e  a s ^ s h o w  i n  scheme 5 . 2 3 .
'  ^

-HOAc

OMe

NO^

OMe

RNHz

%0; . 
- M e O H

H R N  O M e '
H

NO:

H- R

102 1Ô2A 290A 290B

NOz .

NHR
, 290C

Scheme 5 .2 3

291

The l a r g e  e x t e n t  of  d e n i t r a t i o n " c o u l d  be d u e " t o  t h e  p r e s e n c e
. - .

-of base  (ArNHR) . w i t h i n  t h e  e n c o u n t e r  p a i r  and i n  t h e  bu lk  s o l v e n t
-I ,

(RNH2 ) .  S i m i l a r  iminium i n t e r m e d i a t e s  c o u ld  a l s o  be formed by a t t a c k  of  

■ amines  on t h e  i n t e r m e d i a t e  d i e n o n e .  A d d i t i o n  of  d i e n e  102 to  a s o l u t i o n  

o f  2 , A - d i n i t r o p h e h y l h y d r a z i n e  i n  e t h a n o l  and s u l p h u r i c  a c i d  l ed  to  the  

p r e c i p i t a t i o n  of  2 , 4 - d i n i t r o p h e n y l - 4 ' - m e t h y l a z o b g p z e n e  ( 2 7 7 ) .  Under t h e
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r e a c t i o n  c o n d i t i o n s  t h e  d i e n o n e  56 i s  formed r e a d i l y  and i s  t r a p p e d  

a l m o s t - q u a n t i t a t i v e l y  by t h e  h y d r a z i n e  (scheme 5 . 1 1 ) .
I

. ' ■ . ■ . ■ 
5 . 2 . 3 :  R e a c t i o n s  w i t h  a lu m in ium  h y d r i d e s :

,

R e d u c t io n  of  t h e  a c e t a t e  g roup  i n  d i e n e s  100, 101 and 102

w i t h  aluminium h y d r i d e  d i d  no t  y i e l d  any d i e n o l s ,  i n  c o n t r a s t  t o  what i s
1

o b s e rv e d  i n  t h e  r e a c t i o n s  o f  1 , 4 - d i e n e s .  The H-NMR s p e c t r a ‘o f  t h e  

p r o d u c t  m ix t u r e s  a f t e r  c a r e f u l  low t e m p e r a t u r e  work u p ' i n d i c a t e d  i n  'each 

c a s e  t h e  p r e s e n c e  of  a d i e n e  which  decomposed t o  t ^  r e s p e c t i v e

4 - X - t o l u e n e  on warming the  m i x t u r e .  These d i e n e s  [(X=C1, 296 ) ,  (X=Br, 

2 9 7 ) ,  (X=OMe, 298))  we're c h a r a c t e r i z e d  i n  m i x t u r e  from tfie NMR s p e c t r a l  

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

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

The a b s o r p t i o n s  due to  t h e  a c e t a t e  g roup  were a b s e n t  i n  t h e
.  I 13 ' 3

H and C-NMR s p e c t r a ,  and t h e  m e th in e  sp - c a r b o n  ( b e a r i n g  t h e  a c e t a t e
13 - '

g roup )  i n  t h e  C-NMR s p e c t r a  o f  t h e  s t a r t i n g  d i e n e  was a l s o  a b s e n t ;
V  3_%fnstead a sp - m e t h y le n e  ( t r i p l e t  i n  t h e  g a t e d  s p e c t r u m )  was p r e s e n t  a t  a

1
h i g h e r  c he m ica l  s h i f t .  In t h e  H-NMR s p e c t r a ,  t h e r e  were s i g n a l s  due to  

a p a i r  of gera inal  p r o t o n s  w i t h  a l a r g e  m u tua l  c o u p l i n g  c o n s t a n t  (~18Hz) .  

A pa r t  from t h e s e  d i f f e r e n c e s  t h e  s p e c t r a  r e s e m b le d  t h o s e  o f  t h e  s t a r t i n g  

d i e n e s .  Based on t h e s e  o b s e r v a t i o n s  t h e s e  d i e n e s  were a s s i g n e d  t h e  

s t r u c t u r e  4 - X - l - m e t h y l —l m i t r o c y c l o h e x a - 2 , 4 - d i e n e  (X=C1, 2 9 6 ) ,  (X=Br, 

297)  and (X=OMe, 2 9 8 ) .

The c r e s o l s  formed inr  t h e s e  r e a c t i o n s  c o u ld  r e s u l t  e i t h e r  

from the  a r o m a t i z a t i o n  o f  an  I n t e r m e d i a t e  d i e n o l  o r  v i a  t h e  c r e s y l  

a c e t a t e '  formed v i a  l o s s  of n i t r o u s  a c i d .  However t h e r e  was no e v id e n c e

V.
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r e g a r d i n g  t h e  f o r m a t i o n  o f  c r e s y l  a c e t a t e s  in  ,t?hese r e a c t i o n s  and t h é  

fo rm er  p r o c e s s  i s  t h e  more l i k e l y .  The- p r o p o r t i o n  o f  c r e s o l s  i n c r e a s e d  

when l i t h i u m  a lum in ium  h y d r i d e  was used  f o r  t h e  r e d u c t i o n .  R e a c t i o n  

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

and c r e s o l s .  Brown and Yoon have  shown t h a t  t h e  r e d u c t i o n  of n i t r o

g ro u p s  i s  s lo w e r  w i th  aluminium h y d r i d e  t h a n  w i t h  LAH. -T h i s
• . 141

was p r o b a b ly  one  o f  t h e  r e a s o n s  t h a t  prompted e a r l i e r  w o r k e r s ,  t o  u s e

t h e  fo rmer  r e a g e n t  t o  s e l e c t i v e l y  r e d u c e  a c e t a t e s  i n  t h e  presence^ of  

n i t r o  g r o u p s .  However t h e  d i e n p l  275 was o b t a i n e d  i n  q u a n t i t a t i v e  y i e l d  

when ( Z ) - 4 - d i r a e t h y l - ^ - n i t r o c y c l o h e x a - 2 . , 5 - d i e n y l  a c e t a t e  (Z-80)  was 

r e a c t e d  w i t h  l i t h i u m  aluminiym h y d r i d e .

, H y d r o g e n o l y s i s  o f ' a l e o h o l s  by m e t a l  h y d r i d e s  has  been
140b , ' J

r e p o r t e d  im. t h e  l i t e r a t u r e  and t h e  r e a c t i o n  a p p e a r s  to  p roceed  v i a

n u c l e o p h i l i c  d i s p l a c e m e n t  of  t h e  oxygen f u n c t i o n a l i t y  which r em ain s  ' 

complexed to  t h e  a lu m in ium . Such a mechanism would a c c o u n t  f o r ' t h e  

f o r m a t i o n  of  d i e n e s  296,  297 and 298.  The absef ice  of  any h y d r o g e p o l y s i s  

i n  t h e  r e a c t i o n  o f  1 , 4 - a d d u c t s  i s  p u z z l i n g .  I t  i s  p o s s i b l e  t h a t  a
f > '  .

s t a b l e  s i x  membered complex 300 i n v o l v i n g  the  n i t r o  and t h e  a d j a c e n t  • 

h y d ro x y l  g ro u p  i s  formed i n  t h e s e  1 , 2 - a d d u c t s ,  which th e n  u n d e rg o e s  

n u c l e o p h i l i c  d i s p l a c e m e n t  a s  shovm in  scheme 5.24' .

-ROM f X
296 Cl 

B r
298

3 0 0

Scheme 5.24
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A l t e r n a t i v e l y ^  the» d i s p l a c e m e n t  of  t h e  oxygen (bonded t o  an  
. » 

a luminium) by h y d r i d e  couLd be a c c e l e r a t e d  due to  t h e  accompanying

r e l i e f  of  s t e r i c  s t r a i n  which i s  p r e s e n t  be tw e en  a d j a c e n t  s u b s t i t u e n t s

i n  t h e  1 , 2 - a d d u c t s .  ' . ' . ''

* 4

. /
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CHAPTER VI :  CONCLUSIONS

The o b s e r v a t i o n s  and d i s c u s s i o n s  p r e s e n t e d  in  t h e  • ,

p ï ’e c e d i n g  c h a p t e r s  o f  t h e  d i s s e r t a t i o n  l e a d  to  a number , o f  

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

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

*at :omatic  s u b s t r a t e s .  I n  t h i s  c h a p t e r  some of  t h e s e  c o n c l u s i o n s  a r e  

' h i g h l i g h t e d  and p o s s i b i l i t i e s  f o r  f u t u r e  i n v e s t i g a t i o n  a r e  

p r e s e n t e d .

, The n i t r a t i o n  o f  4 - X - t o l y l  d e r i v a t i v e s  110-113 and

<* 2 - X - 4 - m e t h y l a n i s o l e  d e r i v a t i v e s  114-116 have  been  shown t o  y i e l d  

i p S ^ - a d d u c ' t s  i n  h i g l i ^ y i e l d s . The r e a c t i v i t y  of  t h e  a r o m a t i c s  

can  be e x p l a i n e d  i n  teems o f  s u b s t i t u e n t  e f f e c t s .  The i so m e r  

p r o p o r t i o n s  o b t a i n e d  i p  t h e ^ i t r a t i o n  o f  t h e  4 - X - t o l y l  d e r i v a t i v e s  

' a g re e d  w e l l  w i t h  t h o s e  c a l c u l a t e d  from t h e  p r i n c i p l e  of  a d d i t i v i t y .
’  1 1 4 6

I t  h a s  been m en t ioneo  i n  t h e  l i t e r a t u r e ^  t h a t  " w i th  t h e  
- à *  ^ '  ;

r e c o g n i t i o n  of  t h e  phenomen^%accompanying i p s p - a t . t a c k ,  t h e y

( p a r t i a l  r a t e  f a c t o r s )  h a v e ^ i n  many c a s e s  T o s t  t h e i r ,  s im p le

s i g n i f i c a n c e . ^ ’ The p r e s e n t  work shows that, ,^  f o r  a l a r g e  number of

s u b s t i t u e n t s  (X) ,  t h e  a s s u m p t io n  v tna t  I ç s o - p o s i t i o n  .has a

r e a c t i v i t y  e q u a l  t o  t h a t  o f  t h e  meta  p o s i t i o n  h o l d s  good and h e n c e ’ a

r e a s o n a b l e  e s t i m a t e  o f  t h e  t ru e ,  i so m e r  p r o p o r t i o n s  on r e à c t i o n  c a n

b e ^ o b t a i n e d  from t h e ^ p a r t i a l  r g t e  f a c t o r s  q u o te d  i n  t h e  l i t e r a t u r e .

S t e r i c  e f f e c t s  p r e d o m in a t e  i n  t h e  r e a c t i o n s * o f . t h e  t r i - s u b s t i t u t e d

compounds 114-116 a p a r t  from which  t h e  r e s u l t s  p a r a l l e l  thoft.e

e x p e c t e d  from t h e  p r i n c i p l e  o f  a d d i t i v i t y .

•,f«ffhe l ^ T - 3 - X - 6 - m e t h y l - 6 - n i t r o c y c l o h e x a r 2 , 4 - d i e n è a

i s p m e r i z e  unde' t  t h e r m a l  c o n d i t i o n s  v i a  ..a [ 1 , S . ] - n i t t o  s h i f t ,  which

has  c o n t r i b u t i o n s  from^a  c o n c e r t e d  [ l , 5 ] ^ ^ i g m a ^ r o p i c  s h i f t  and a
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s te r e o ra n d o m  y e t  r e g i o ' s e l e c t i v e  r a d i c a l  c h a i n  p r o c e s s .  These  a r e  

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

ca rbon  to  c a rb o n  [ l , 5 ] - n i t r o  s h i f t  i n  a r e g i o s e l e c t i v e  manner .  When 

Y=C1, OMe, t h e s e  r e a c t i o n s  a r e  a l s o  s t e r e o s e l e c t i v e  and p r o c e e d  v i a  

i n v e r s i o n  of  c o n f i g u r a t i o n .  K i n e t i c  i n v e s t i g a t i o n s  have  shown t h a t  

when Y=OAc t h e  s i g m a t r o p i c  s h i f t  i s  f a s t e r  t h a n  t h e  r a d i c a l  p r o c e s s .  

I t  shou ld  be p o i n t e d  o u t ' t h a t  i t  i s  n e c e s s a r y  to  d e t e r m i n e  t h e  

p e r c e n t a g e  v e r s u s  t im e  p l o t s  f o r  t h i  i s o m e r i z a t i o n  o f  d i e n e s  187 and

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

s u b s t a n t i a t e  t h i s  o b s e r v a t i o n .

These  i s o m e r i z a t i o n  r e a c t i o n s  have l e d  t o  t h e  s y n t h e s i s
- '

if _ o f  s e v e r a l  n o v e l  a d d u c t s  b e a r i n g  s e c o n d a r y  n i t r o  g r o u p s .  Such

a d d u c t s  have n e v e r  b e e n  o b t a i n e d  by d i r e c t  n i t r a t i o n .  R e a c t i o n s  of

t h e s e  d i e n e s  i n  t u r n  have  d e m o n s t r a t e d  t h e  v a r i o u s  r o u t e s  v i a  which

t h ^ e  can c o n t r i b u t e  t o w a rd s  t h e  f o r m a t i o n  of  3 - n i t r o ^ o l y l

d e r i v a t i v e s  and 5 - X - o - c r e s y l  a c e t a t e s  unde r  v a r i o u s  c o n d i t i o n s .  Use

o f  t h e s e  d i e n e s  i n  D i e l s - A l d e r  r e a c t i o n  w i t h  s u i t a b l e  d i e n o p h i l e s

may be i n v e s t i g a t e d  i n  t h e  f u t u r e .

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

I p s o - a d d u c t s  a t  d i f f e r e n t  a c i d i t i e s  have  been i d e n t i f i e d .  For
■/

d i e n e s  b e a r i n g  t h e  m e th o x y l  g r o u p ,  bh% major  p o r t i o n  o f  the

^  r e a c t i o n s  p r o c e e d  v i a  t h e  , which  be t r a p p e d  by o t h e r

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

a c i d i t i e s .  From d i e n e s  n b t  b e a r i n g  a m ethoxy l  g roup  t h e  W cajn.be 

r e g e n e r a t e d  a t  h i g h  a c i d i t i e s  o n l y  .but  a t  lower a c i d i t i e s  r e a c t i o n s  

„ • v i a  o t h e r  i n t e r m e d i a t e s  become i m p o r t a n t .  A l a r g e  number of

1 , 2 - d i e n e s  have been  p r e p a r e d  from t h e s e  d i e n e s  (100 and 101) by ’

■ , A î .

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

b) by m o d i f i c a t i o n  o f  t h e  s u b s t i t u e n t  Y COAc+OH).
' 129

The d i e n o l s  204 and 205 a r e ' i n t e r m e d i a t e s  p r o p o se d  to

be formed in, t h e  n i t r a t i o n  r e a c t i o n  w i t h  mixed a c id . .  R e a c t io n ^  o f
,  ■ ' 

t h e s e  d i e n o l s  a t  v a r i o u s  a c i d i t i e s  s h o u ld  p r o v i d e  mbre p r e c i s e
♦

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

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

t h e  d i e n y l . a c e t a t e s .  - '

The n u c l e o p h i l i c  t r a p p i n g  o f  t o  y i e l d  1 , 2 - a d d u c t s  i s
' ' ' : 

s t e r e o s e l e c t i v e  and t h e  a d d u c t s  have  t h e  ( Z ) - c o n f i g u r a t i o n .  A
'  “ r  , .

. mechanism i n v o l v i n g  s t e r i c  a p p ro a c h  c o n t r o l  of  t h e - n u c l e o p h i l e  on

t h e  can  e x p l a i n  t h e  o b s e r v a t i o n s .  The c r y s t a l  s t r u c t u r e s '  f o r

d i e n e s  101, 190 and 200 a r e  t h e  f i r s t  t o  be d e t e r m i n e d  f o r

c y c l o h e x a - 1 , 3 - d i e n y l  d e r i v a t i v e s  formed by I p s o - n f t r a t i o n . '

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

' •St -ructural  f e a t u r e s  o f  c y c l o h e x a - 1 , 3 - d i e n e s . I n  s p i t e  of  t h e  f a c t

. t h a t  t h e  c o n f o r m a t i o n  o f  t h e  d i e n e s  i n  s o l u t i o n  may v a fy  from what

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

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

from t h e  c r y s t a l  s t r u c t u r e s .

■'‘A p a r t  f rom, t h e  p r e p a r a t i o n  o f  l a r g e  numbers of  d i e n e s ,

t h e  work d e s c r i b e d  i n  t h i s  d i s s e r t a t i o n  a l s o  c o n t r i b u t e s  tow ards  t h e

■ hre g io s p ec i f i c  s y n t h e s i s  o f  s e v e r a l  a rom a t iq^com p^unds :

a)  4 - X - 2 - n i t r o t o l u e n e s -  (X=C1, Br ,  OMe);

b)  4 - X - 3 - n i t r o t o l u e n e s  (X=C1, Br ,  OMe)

c )  4 - X - 2 - Y - t o l y l  d e r i v a t i v e s  (X=C1, Br 

OMe, C l ,  B r ) . '

OMe; Y=OIT, OAc,

\
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Some of  t h e s e  compounds' a r e  w e l l  known s y n t h e t i c  i n t e r m e d i a t e s  ^nd 

have  been p r e v i o u s l y  o b t a i n e d  v i a  m u l t i - s t e p  s y n t h e s i s ' ,  e . g .

5 - c h l o r o - A - m e t h o x y - 2 - n i t r o t o l u e n e  ( 2 5 1 ) ,  p r e p a r e d  from d i e n e , 130 by 

r e a è t i c f n ' w i t h  s t r o n g  a c i d ,  i,s an i m p o r t a n t  i n t e r m e d i a t e  i n  t h e  

s y n t h e s i s  o f  1 , 4 - b e n z o d i a z e p i n - 2 - o n e s  and t h e  p r e s e n t  2 s t e p  

s y n t h e s i s  r e p l a c e s  t h e  e a r l i e r  5 s t e p  s e q u e n c e  from 

3 - a m i n o - 4 - r a e th o x y t o l u e n e .  ^

I t  may ,be p o s s i b l e  t o  d e s i g n  t h e  r e g i o s e l e c t i v e  s y n t h e s i s  

o f  n i t r o e s t r o n e  d e r i v a t i v e s  301 a n d / o r  302 by combining  t h e  

n i t r a t i o n  r e a c t i o n  and a - r o m a t i z a t i o n  f o l l o w i n g  t h e  t h e r m a l  

i s o m e r i z a t i o n  a s  shown i n  scheme 6 . 1 .

4 ,



■ * - -s.

2 0 7 ,

Me!

300
MeO OAc

a n d / o r300A • 300B

(se parole)

Meo

301A

MeO
OAc

302A

M e o
' NO;

352 8

Scheme 6 .1
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The scope  o f  t h e  n i t r a t i o n  r é a c t i o n  can be e x te n d e d  t o  

s u b s t r a t e s  o f  t h e  t y p e  303 a s  i n t e r n a l  n u c l e o p h i l i c  t r a p p i n g  o f  t h e  

c a n  l e a d  t o  t h e  p r e p a r a t i o n  o f  f u n c t i o n a l i z e d  coum ar in s  a s  shown

i n  scheme 6 . 2 .

HÔ /̂0 \ / N 0 2

?
O M e  ^  O M e
3 0 3  , 303A

X=C=0,  CHg,  CRH, GRR'

Scheme 6 .2



209.$
CHAPTER VII; EXPERIMENTAL PROCEDURE.

7 .1  I n s t r u m e n t a t i o n :

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 were d e t e r m i n e d  on

Buchi  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 th
,

p o l y s t y r e n e ,  were r e c o r d e d  on a P e r k i n  Elmer 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  were made on p o t a s s i u m  bromide  d i s c s  f o r  s o l i d s  and on t h i n

f i l m s  be tween  sodium c h l o r i d e  p l a t e s  f o r  l i q u i d s .  The a b s o r p t i o n s  a r e
» _ i.

r e p o r t e d  i n  wave numbers (cm ) -  P r o to n  n u c l e a r  m ag n e t i c  r e s o n a n c e

s p e c t r a  of  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 n f - d , m e th y le n e

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

m e t h a n o l - d i , , o r  b e n z e n e - d g  were r e c o r d e d  on P e r k i n  Elmer R-12B (60MHz),

P e r k i n  Elmer R-32 (90HHz) o r ^ B r u k e r  WM 250 (250MHz) s p e c t r o m e t e r s .

T e t r a r a e t h y l s i l a n e  was used  a s  an i n t e r n a l  s t a n d a r d .  NMR s p e c t r a  of

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  were r e c o r d e d  w i th  the  a c e t i c  a n h y d r i d e  peak

a t  Ô 2.15ppm a s  t h e  l o c k  s i g n a l .  S u b s t i t u t i o n  r e a c t i o n s  w i th  hydrogen

h a l i d e s  were f o l l o w e d  u s i n g  t h e  e t h e r  peak a t  6  1.85ppm a s  lo 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  (90MHz) o r  t h e  s o l v e n t

d 'eu tér ium s i g n a l  (250MHz) was used  a s  t h e  l o c k  s i g n a l .  Ca rbon-13

n u c l e a r  m agne t ic  r e s o n a n c e  s p e c t r a  were r e c o r d e d  on a Bruker  WM 250

(62.9MHz) s p e c t r o m e t e r  u s i n g  s o l u t i o n s  i n  CDCl^ w i th  TMS a s  t h e  i n t e r n a l

s t a n d a r d .  In  some c a s e s  t h e  CDClj peak (5 77.0ppm) was used  f o r

c a l i b r a t i o n .  Normal ly  t h e  d a t a  p o i n t  r e s o l u t i o n  (SW, 01) was s u f f i c i e n t

t o  a c h i e v e  the  number o f  s i g n i f i c a n t  f i g u r e s  f o r  6 ( & i^C) and J .  In

some c a s e s  r e s o l u t i o n  enhancem ent  was used  t o  improve on the  v a lu e s

r e p o r t e d .  The c o m p o s i t i o n  o f  r e a c t i o n  m i x t u r e s  r e p o r t e d  e a r l i e r  i n  t h i s
1

d i s s e r t a t i o n ,  wos o b t a i n e d  d i r e c t l y  from th e  i n t e g r a t e d  H-NMR s p e c t r a  

of  the  r e a c t i o n  m ix t u r e  p r i o r  t o  work up .  In  most  c a s e s  t h e s e  v a lu e s  

remained  unchanged a f t e r  work up .  U l t r a v i o l e t  s p e c t r a  were 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 ^ u s i n g  m ethano l  or  m ethy lene  c h l o r i d e  as  

s o l v e n t .
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Mass s p e c t r a  were r e c o r d e d  on a P e r k i n  Elmer H i t a c h i  RMU-7 s p e c t r o m e t e r

with 70eV electron impact ionization, or on a Finnigan 3 3 0 0  gas

chrom atography  -  mass s p e c t r o m e t r y  sys tem u s in g  methane  as  t h e  c a r r i e r

g a s  f o r  c h e m ic a l  i o n i z a t i o n .  Gas ch ro m a tog raphy  was pe r fo rm ed  on a

V a r ia n -3700  gas ,  c h r o m a to g r a p h ,  u s i n g  a SE 30 g l a s s  c a p i l l a r y  column.  A

s t a n d a r d  e x p e r im e n t  o r  a n a l y s i s  in v o lv e d  i n j e c t i o n  o f  1 m i c r o l i t r e  o f  a
3

m eth y le n e  c h l o r i d e  s o l u t i o n  (Img sample i n  2 cm of  s o l v e n t )  w i th  the  

s p l i t t e r  c l o s e d .  The t e m p e r a t u r e  was h e ld  a t  50°C f o r  3min then  

i n c r e a s e d  to  250°C o v e r  40min and h e l d  f o r  15min. The s p l i t t e r  ( 1 :4 0 0 )  

was opened a f t e r  3min. For h ig h  pe r fo=rm ance  l i q u i d  ch ro m a tog raphy  a 

V a r i a n  5000 l i q u i d  c h rom a tog ra phy  o r  a W ate rs  Prep  LC sys tem  was u s e d .  

E l e m e n ta l  a n a l y s i s  was pe r fo rm e d  by. M i c r o a n a l y t i c a l  S e r v i c e s ,  V ancouve r ,  

B r i t i s h  Columbia.  X- ray  d i f f r a c t i o n  s t u d i e s  ( c r y s t a l l o g r a p h y )  were 

pe rfo rmed by Dr. G. B u s h n e l l  oh P i c k e r  4 - c i r c l e  d i f f r a c t o m e t e r  

au to m a te d  w i th  a POP 11 /10  com pu te r .

7 .2  R e a g e n t s :  .

The f o l l o w i n g  c h e m i c a l s  were 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 :  4 - b r o m o to l u e n e  ( B a k e r ) ,  4 - c h l o r o t o l u e n e  (E a s t m a n ) ,  

4 - m e t h y l a n i s o l e , 2 - b r o m o - p - c r e s o l ,  2 - n i t r o “ p - c r e s o l ,  3 - n i t r o - p - c r e s o l ,  

m e s i t y l e n e  ( a l l  A l d r i c h ^ ^ n d  p - c r e s o l  ( A l d r i c h  Gold l a b e l ) .  A c e t i c  

a n h y d r i d e  was c e r t i f i e d  ACS from 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 ,

t r i f l u o r o a c e t l c  a n h y d r i d e  and d i m e t h y l  s u l f a t e  were A l d r i c h  go ld  l a b e l
3

(99+%). Fuming n i t r i c  a c i d  ( F i s h e r ,  300cm ) was p u r i f i e d  by d i s t i l l i n g
» 3

from u r e a  ( lOg) and s u l f u r i c  a c i d  ( 500<m)  a t  lOOPa and s t o r e d  a t  -25°C .

S o l v e n t s  f o r  ch rom a tog raphy  i n l u d l n g  p e n ta 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 ,  F i s h e r )  were d r i e d  

over sodium and d i s t i l l e d  b e f o r e  u s e .  M ethy lene  c h l o r i d e  and m ethano l  

( C a r e l t o n )  were 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 .  T e t r a h y d r o f u r a n
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(BDH) fo r  h y d r i d e  r e d u c t i o n s  was d i s t i l l e d  unde r  a rg o n  from p o ta s s iu m

m e t a l  and be nzophenone  and s t o r e d  under  a rg o n .  S o l v e n t s  f o r  h igh

per fo rm ance  l i q u i d  c h ro m a to g r a p h y  were m e th y le n e  c h l o r i d e  and hexane
«

( b o t h  Burd ick  and J a c k s o n )  . ' N o n - d e u t e r a t e d  s o l v e n t s  f o r  s p e c t r o s c o p y  

were c e r t i f i e d  ACS (Eas tm an  Kodak) ,  p e u t e r a t e d  s o l v e n t s  used fq.r NMR 

s p e c t r o s c o p y  were c h l o r o f o r m - d  ( A l d r â c h  Gold L a b e l ) ,  m e thy le ne  

c h l o r i d e - d 2 , a c e t o n i t r i l e - d 3 , n i t r o m e t h a n e - d 3 , a c e t i c  a c i d - d g ,  

m e t h a n o l - d ^ ,  p y r i d i n e - d g ,  a c e t o n e - d g ,  a c e t i c a n h y d r i d e - d ^ , be n z e n e -d g ,  

and t e t r a h y d r o f u r a n - d 0  (Mei^k Sharp  and Dohme.)

S i l i c a  g e l  (6 0 -2 0 0  mesh,  Davison  Commercial  g r a d e  H), n e u t r a l  

a lu m in a  (Brockman A c t i v i t y  I )  and a lum ina  ^ 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  Chromatography.  

Anhydrous magnesium s u l f a t e  was used to  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  compounds were p r e p a r e d  i n  t h e  l a b o r a t o r y :  

, 4 - m e t h y l a c e t a n i l i d e ,  ( D .  L. F y l e s ) ,  ' (2 ) - 4 - t - ' b u t y l - 6 - m e t h y l - 6 -  

- n i t p o c y c l o h e x a - 2 , 4 - d i e n y i  a c e t a t e  (Dr.  G. S.  B a p a t ) ,

3 - c h l o r o - 4 - m e t h y l - 4 - n i t r o c y c l o h e x a T ^ , 5 - d i e n o n e  (Dr .  G. N. Henderson ,  

R .G .C l e w l e y ) . D o n a t io n  o f  samples  of  t h e s e  compounds i s  g r a t e f u l l y  

acknowledged.

7 .3  P r e p a r a t i o n  o f  S t a r t i n g  M a t e r i a l s  and A u t h e n t i c  Samples:

' * IM 3a ■
7 . 3 . 1  P r e p a r a t i o n  of  2 - q h l o r o - p - c r e s o l  (119)_  ̂ : ' : 3^  ^ ,

* A m i x t u r e  o f  s u l f u r y l  c h l o r i d e  (22lcm , d=1.68 ' ,  .0.275mol)  ^and.

p - c r e s o l  219 (27g ,  O.25mol)  i n  a ,100cm round bo t tom  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 se r  c o n n e c t e d  th r o u g h  a CàCl 2  d r y i n g  tube  t o  a t r a p
' tr 'containing NaOH solution was heated in a Water bath therraost^ted at 55°C

►
f o r  I h .  Excess  s u l f u r y l  c h l o r i d e  was removed on th e  w a t e r - a s p i r a t o r  and 

t h e  pure c r e s o l  119 (2 4 g ,  6 8 % y i e l d )  was o b t a i n e d  by d i s t i l l a t i o n  bp:
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194-198°C 195-196°C); ^H-NMR (250M#z, CDCI3): A 2.26 (3H, s,
CH3 ) ,  5 .40  ( IH ,  br s ,  OH), 6 .89  ( IH ,  d, J - 8 . 2 3 H z ,  6 - H ) ,  6 l97  ( IH ,  dd,

13
J = 1 .6 0  and 8.23Hz, 5-H) ,  7 .12  (IH, d, J = I . 6 0 H z ,  3-H)ppm; Ç-NMR'

(62.9MHz, CDCI3): 6 20.2 (CH,), 116.1 (C-6), 119.5 (C-2), L28.9 and
129.3 (C-3 and C-5), 131 .0  (C-4), 149.1 (C - l )p p m .  - - .

99 :
7 . 3 . 2  P r e p a r a t i o n  o f  3 - c h l o r o - p - c r e s o l  (120)  :

3
T r i f - l u o r o m e t h a n e S s u l f o n l c  a c i d  (5cm ) was added Eo

4 - c h l o r o - 4 - m e t h y l c c y c l o h e x a “ 2 , 5 - d ie n o n e  (143)  ( 2 ^ , 0 .Ol6mmol) a t  - 78°C .  

Tl>e m i x t u r e  was a l l o w e d  t o  warm up to  0°C and s t i r r e d ,  for 20min i n  an

i c e  b a t h .  The m i x t u r e  was n e u t r a l i s e d  w i t h  sodium b i c a W io n a t e ,  d i l u t e d
3 ' 3 *

to  150cm w i t h  w a t e r ,  t h e n  e x t r a c t e d  w i t h  e t h e r  (3x50cm ) .  The e t h e r
3

s o l u t i o n s  were combined,  washed w i t h  w a t e r  (2x50cm ) Qnd d r i e d  o v e r  

anhydrous  MgSOj,. Removal o f  e t h e r  gave c r e s o l  120 ( 1 . 6 g ,  69% y i e l d )  a s  

a  brown o i l .  A ' p a r t  of  t h i s  c r e s o l  was p u r i f i e d  by c r y s t a l l i z a t i o ^  from
99 .  1p e n ta ne  t o  y i e l d  o f f  w h i t e  c r y s t a l s  mp: 53-4 C ( l i t  55 C); ,H-NMR

(250MHz, CDCI3): 6 2.28 (3H, s, CH3), 4.75 (IH, br s,^OH); 6.64 (IH, dd, 
J=8.20 and 2.60Hz, 6-H), 6.86 (1&, d, J=2\6Hz, 2-H), 7.06 (IH, d,

1 3J-8.20HZ, 5-H)ppm; C-NMR (62.9MHz, CDCl3): Ar'19'0 (CH3), 114.0 (C-6), 
116.2 (C-2), 128.5 (C-4), 131.5 (C-5), 134.6 (C-3)^ 153.6 (C-l)ppm.
7 . 3 . 3  P r e p a r a t i o n  of a n i s o l e s :

In a t y p i c a l  e x p e r i m e n t ,  t h e  phe n o l  was d i s s o l v e d  i n  10% 

aqueous  NaOH (1 :1  mol p r o p o r t i o n )  s o l u t i o n .  The m i x t u r e  was c o o l e d  i n  

' a n  i c e  b a th  and d i m e t h y l s u l f a t e  ( 1 : 1 .mol p r o p o r t i o n )  was s low ly  added to  

i t .  The r e s u l t i n g  m i x t u r e  was r e f l u x e d  f o r  3h .  The m ix t u r e  was 

e x t r a c t e d  w i t h  e t h e r  and t h e  combined e t h e r  s o l u t i o ’n was washed, w i t h  , ■ 

d i l u t e  NaHCOg s o l u t i o n  and w i th  w a t e r ,  and t h e n  d r i e d  ov e r  anhyd rous  

MgSOtj. A f t e r  removal  of  e t h e r ,  t h e  c r u d e  a n i s o l e  was p u r i f i e d  by 

d i s t i l l a t i o n .  —
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Using  t h i s  method,  th-e f o l l o w i n g  a n i s o l e s  were p r e p a r e d :

( a )  2 - c h l o r o - 4 - m e t h y l : a n i s o l e  (1X5) (94% y i e j d ) :
144 "Bp: 214-8°C (lit 215-8°C); IR (neat): 1255 and 1062

1(ArOCHg); H-NMR (250MHz, CDCl;)^ 5 2.20 (3H, s, CHg), 3.79 (3H, s,
OCH3), 6.74 (IH, d, J=8.40Hz, 6-H),_6.95 (IH, dd, J-8.40 and 2.03Hz,-.

135-H), 7.11 (IH, d, J-2.^)Hz, 3-H9pfm; C-NMA (62.9MHz, CDCI3): 6- 20.3 
(CH^), 56.3 (OCH3), 112.3 (C-6), 122.2 (C-2), 128.3 (C-5), 130.9 (C-3),
131.1 (C-4), 153.1 (C-l)ppm.
( b )  3 - c h l o r o - 4 - m e t h y l :  a n i s o l e  (117) ( ‘95% y i e l d ) :

144Bp: 210-3°C (lit 212°C); IR (neat): 1240 and 1045cm
1

(ArOCH]); H-NMR (250MH;, CDCI3): 5 2.29 (3H, s, CH3), 3.76 (3H, s,
OGH3), 6.70 (IH, dd, J=2.50 and 8.40Hz,' 6-H), 6.90 (IH, d, J=2.50H&,

' '   ̂ - 132-HJ, 7.99 (IM, d,'JL=8.40Hz, 5-H)ppm; C-NMR (62.9MHz, CDCI3): 6 18.9
(CH3), 55.5 (OCH3), 112.8 (C-6),.114.6 (C-2), 127.9 (C-4), 131.2 (C-5),
134.3 (C-3), 158.4 (C-l)ppm.
( c )  2 -b rom o-4 -m ethy~ l :an iso . le  (114) (85% y i e l d ) :

Bp: 1-25-6 C ( l i t  125-7*C,25mm); IR ( n e a t ) :  1255 and 1050
' 1 .(ArOCH,): H-NMR (250MHz, CDCl,): 6 2.Z0 (3H, s, CH%), 3.79 (3H, s,

OCH^), 6:72 (IH, d, J=8.30Hz, 6-H)^ 6.98 (IH, dd, J=8.30 and'l^50Hz,
1 3 " *

5-H), 7.29 (IH, d, J=1.50Hz, 3-H)ppm; C-NMR (62.9MHz, CDCl,): 4̂  19.9 
(CH,), 56.1 (OCH,), 111.1 (C/2)» 111.7 _(C-6), 128.7 (C-5), 131.2 (C-4),
133.5  ( C - 3 ) ,  15^3.6 (C- l)ppm.

( d )  4 - m e t h y l - 2 - n i t r o : a n i s b l e  (116) (76% y i e l d ) :
1 * 6  .  'Bp: 272-4'C (lit ^ 274'C); IR (neat): 1530 and 1350 (NOg),

1
1260 and 1020 (ArOCH,); H-NMR (250MHz, CDCl,): 6 2.33 (3H, s, CH,),
3.92 (3H, s, OCH,), 6.98 (IH, d, J=8.55Hz, 6-H), 7.34 (IH, dd, J-8.55

13
and 2 .10Hz,  5-H),  7 .64  ( IH ,  d ,  J= 2 .10H z ,  3-H)ppm; C-NMR (62.9MHz,
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CDCI3 ) :  6  19 .8  (CRg), 56 .3  (OCH3 ) ,  113 .3  (C^'6 ) ,  125.4 -•(C-3), 129 .9

( C - 4 ) ,  13-4 .'6 - ( C - 3 ) ,  139 .0  ( C - 2 ) ,  150 .7  (C-l)ppm' .

( e )  4 - m e t h y l - 3 - n l t r o : a n j - s o l e  (118 )  (76% y i e l d ) :  - ,
' - 14 6 !

Bp: 263-9*C ( l i e  2 6 6 - 7 °Ç ) ;  IR ( n e a t )  1527 and 1345 (N0%),
1

1250 a n d > 0 3 5  (ArOCHg); H-NMJR (250MHz, CDCI3 ) :  6  2 .21  (3H, s ,  ÇH3 ) ,  '

3 . 7 9  (3H, s ,  OCH3 ) ,  6 .7 2  (IH,  d, J= 8 .35H z ,  5 -H) ,  6 .98  (IH ,  dd,  J = 8 .3 5
13

and 1.40Hz,  ,6 - H ) ,  7 .3 0  (1,H, d ,  J= 1 .4 0 H z ,  2-H)ppm; C-NMR (62.9MHz, 

CDCI3 ) : '  1 9 t3 . (C H 3 ) ,  5 5 . 5 ^ 0 0 8 3 ) ,  10 8 .9  ( C - 2 ) :  119 .6  ( C - 6 ) ,  125 .2  

( C - 4 ) ,  133.2 ( C - 5 ) ,  149.2 (C-3>,  157 .9  (C - l )p p m .
‘

7 . 3 . 4  P r e p a r a t i o n  of  2 - b r o m d - 6 - n i t r o - p - c r e s o l  ( 1 4 9 ) :
■

Pure  c r e s o l  149 was p r e p a r e d  by n i t r a t i n g  2 - b r o m o - p - o r e s o l
* »

(1501 ( 1 .8 7 g ,  lOmmol). The c r e s o l  150 was a d d e d ’ t o  a m i x t u r e  of  n i t r i c

a c i d  ( 0 .6 9 g ,  l lmmol)  and CH2 C I 2  (5cm ) a t  0°C and th e  m i x t u r e  was 

s t i r r e d ' f o r  30min d u r i n g  which t im e  . the t e m p e r a t u r e  was a l l o w e d  t o  r i s e  

to  25°C. The m ix t u r e  was poured  on c ru s h e d  i c e  (25g )  when t h e  c r e s o l

149 p r e c i p i t a t e d  as  a y e l lo w  s o l i d .  . A f t e r  f i l t r a t i o n  t h e  r e s i d u e  was
3 - - 3 ;

d i s s o l v e d  in  CH2Cl2(25cm ) „  washed w i t h  w a te r  ( 2 oclOcm„) and e v a p o r a t e d

to  d r y n e s s  t o  y i e l d  a y e l lo w  r e s i d u e  ( 2 . 1 g ,  90.5% y i e l d )  of  c r e s o l  149.

C r y s t a l l i z a t i o n  from m e t h a n o l - w a t e r  m i x t u r e  gave ye l lo w  f l a k e s  o f  c r e s o l
1 4 7  1 .

149.  mp; 69°C ( l i t  69°C);  H-NMR (250MHz,, GDCI3 ) :  Ô 2 ,3 5  (3H, d, '

J=0 .78Hz ,  CH3 )., 7 .7 0  (IH ,  d ,  J= 1 .00H z ,  3 -H ) ,  7 .8 9  (IH,  dd ,  J = 1 . 0 0  and
' 13

0 ,7 8 R z ,  5 - H ) ,  1 0 .9 7 . ( 1 H ,  b r  s ,  OH)ppm; . C-NMR (62.9MHz, CDCI3 ) :  6 _

2 0 .0  (CH3) ,  112.8 ( C - 2 ) ,  124 .0  ( C - 5 ) ,  1 3 0 .6  ( C - 4 ) ,  133 .8  ( C - 6 ) ,  141.7,

( 'C-3),  150 .0  (C - l )ppm .  ■ . ■ '

7 . 3 . 5  P r e p a r a t i o n  o f  2 - h ' r o j m h - 4 - m e t h y l - 6 - n i t r p a n i s o l e  (14.7);

' ■ 'Cresol  1,49 ( I g ,  4.3mmol)  was m e t h y l a t e d  by t h e  p r o c e d u r e  

d e s c r i b e d  above u s i n g  d i m e t h y l  s u l f a t e  ( 0 . 5 9 5 g ;  4%7mmol). Pu re  a n i s o l e
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( 0 . 9 2 g ,  87% y i e l d )  was o b t a i n e d  a f t e r  c r y s t a l l i z a t i o n  from
1

m e t h a n o l - w a t e r  m i x t u r e s . '  mp : 45°C; H-NMR (250MHz, CDCI3 ) :  6  2 .37  (3H '
'

d,  J=0 .54Hz ,  CH3 ) ,  3 . 9 8  (3H,  s ,  OCH3 ) ,  7 .52  (IH ,  dd ,  J = 0 .5 5  and 2.05Hz,
13

3 - H ) ,  7 .6 0  (IH ,  d, J=2 .05H z ,  5-&)ppm; C-NMR ( 6 2 .9MHz, GDCI.3 ) :  5^ 2 0 . 3 ,

(CH3 ) ,  62 .5  (OCH3 ) ,  119 .2  ( C - 2 ) 1 ' 1 2 4 . 5  ( C - 5 ) ,  135 .6  ( C - 4 ) ,  138.1 ( C - 3 ) ,

144 .9  ( C - 6 ) ,  148.5 (C - l )p p m .  '■* . ,

7 . 4  N i t r a t i o n  R e a c t i o n s :  ‘ , ' . ' '
.

( a )  N i t r a t i o n  o f  4 - c h l o r o t o l u e n e  ( 1 1 1 ) :

A " n i t r a t i n g ' m i x t u r e  was p r e p a r e d  by' t h e  c a r e f u l  a d d i t i o n  o f ,  

a c e t i c  a n h y d r i d e  (75g , .  O.75mraol) w i t h  s t i r r i n g  t o  f r e s h l y  d i s t i l l e d ,  

n i t r i c  a c i d  ( 1 8 . 9g, 0.3mmbl)  a t  -78°,C- A f t e r  t h e  c o m p l e t i o n  of

a d d i t i o n , ,  t h e  m i x t u r e  was warmed to  0°C, s t i r r e d  f o r  I5min a t  0°C $nd
'

c o o le d  t o  -40°C .  T r i ^ l u o r o a c e t i c  a n h y d r i d e  ( 2 0 . 8 g, 0.15mmol)  was t h e n

s ld w ly  added t o  t h e  m i x t u r e  a t  r 4 0 °C .  A . s o l u t i o n  o f  111 ( 1 8 .9 9 g ,

0 .15m ol)  i n  a c e t i c  a n h y d r i d e  ( ) 5 g ,  0 .15m ol)  was added d r o p w i s e  ov e r
.

30min to  t h e  n i t r a t i n g  m i x t u r e - a t  -40°C .  A f t e r  t h e  a d d i t i o n ,  t h e

reac t ioVi  m i x t u r e  was s t i r r e d  f o r  Ih ,  a t  -40°C,  c o o le d  t o  -78°C and
3 '  3

poured  i n t o  e t h e r  (80cm ) a t  -78°C c o n t a i n e d  in  a 3dm , t h r e e  necked

round bot tomed f l a s k  f i t t e d  w i t h  a m e c h a n ic a l  s t i r r e r .  Ammonium
3 '  ' ' ' '

h y d r o x i d e  (6 .5 m o l ,  450cm ) was a d d e d . i n  s m a l l  p o r t i o n s  t o  t h e  s t i r r e d

mixture. ' After the addition was complete, stirring was continued for
'

I h ,  -during  which t h e  m i x t u r e  warmed t o  roOra t e m p e r a t u r e .  The e t h e r  
- ' ' ' ' '  ' ' ■ • . . 3

l a y e r  was s e p a r a t e d  and the-  r e s i d u e  wps washed w i t h  e t h e r  (400cm ) .  The
- . " 3 ' '

combined e t h e f s o l u t i o n  yas^w ashed  w i t h  c o ld  w a te r  (4x300cm ;) and d r i e d .

Removal Jof e t h e r  , on t h e  r o t o c v a p o r  a t  1’5°C y i e l d e d  a brown o i l  (31g)
'  1 ' . ' - ■

The H-NMR spec t rum  o f  t h e  c r u d e  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  o f  7’0%

(Z)-T3 ' -ch lp ro-6 ' - rae thy l-6 -n iCj :ocyc lohexa  ■
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- 2 , 4 - d i e n y l  a c e t a t e  ( 1 0 0 ) ,  13% 4 - c h l o r o - 3 - n i t r o t p l u e n e  (122)  and 17%

4 - c h l c * o - 2 - n i t r o t o l u e n e  ( 1 2 1 ) .  ' , -
-  3 '

C r y s t a l l i z a t i o n  from e t h e r  p e n ta n e  (500cm , 1 :4 )  a t  —20 C

a f f o r d e d  c rude  d i e n e  1 0 0  ( 1 2 g>', which on r e c r y s t a l l i z a t i o n  gave

c o l o r l e s s  c r y s t a l s ,  mp 49-50°C;  IR fKBr) 1740 a n d '1230 (OCOCHg), 1555
2 - 1  1 '  ■ '

and 1375 (NOg): UV (CH3 OH):~263nm (e=390 m mol ) ;  H-NMR (250MHz, 
CDClgïzd. 1.78 (3H, s, CH3), 1.99 (3H, si 0C0CH2),'5.53 (IH, dd, J*6.13
and 1.65Hz, 1-H)', 6 . 0 3  ( IH ,  dd ,  J=1Q.20 and 1.97Hz,  4-H>, 6 .12  (IH,  ddd,

J = 6 .1 3 ,  1;.97 and 0 .61H z ,  2 - H ) ,  6 .55  (IH,  .ddd,  0 = 1 0 .2 0 ,  1 .65  and 0.61Hz-, 
\35-H)ppm; C-NMR (CDCl^, 62.9MHz): 5 20.6 (OCOCH3)* 23.2 (6-CH^), 70.2 

(C-1), 87.2 (Cn^), 118.1 (C-2), 126.1 (C-4), 129.4 (Ç-5), 133.6 (C-3),
169 .5  (OCOCH3 ); a n a l y s i s :  C 46.67%, H 4.35%, N 6.05% ( c a l c u l a t e d  f o r  

CgHiqNO^Cl: C 46.61%, H 4.29%^ N 5.92%).
(b) N i t r a t i o n  o f  4 - b r o m a t e l u e n e  ( 1 1 0 ) :  . '

A s o l u t i o n  o f  110 ( 1 7 . 0 7 g ,  O . lm o l )  i n  a c e t i c  a n h y d r i d e  

( 1 0 .2 1 g ,  O . lm o l )  was added  d r o p w is e  w i t h  s t i r r i n g  o v e r  30min 

t o  a n i t r a t i n g  m i x t u r e  a t  - 40°C ,  p r e p a r e d  i n  t h e  same way a s  d e s c r i b e d  

above from n i t r i c  a c i d  ( l 2 . 6 4 g ,  0 . 2 m o l ) ,  a c e t i c  a n h y d r i d e  ( 5 1 . I g ,

.0.5mol)  and t r i f l u r o a c e t i c  a n h y d r i d e  ( 2 1 .0 5 g ,  O . l m o l ) .  A f t e r  com ple te  

a d d i t i o n  t h e  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  an a d d i t i o n a l ,  90min a t  

-40°C and th e n  worked up  w i t h  NH^OH as  d e s c r i b e d  b e f o r e  t o  y i e l d  a
1 I

r e d d i s h -b r o w n  o i l  ( 2 5 . 5 1 g ) .  The H-NMR spe c t rum  o f  t h e  c r u d e  m ix t u r e  

i n d i c a t e d  t h e  c o m p o s i t i o n  was 64% ( Z ) -3 -b ro m o -6 - r ra e th 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  (10,1),  8 % 4 - b r o m o - 3 - n i t r o t o l u e n e  

(124)  and 28% 4 - b r o m o - 2 - n i t r ° t o l u e n e  ( 1 2 3 ) .

C r y s t a l l i z a t i o n  from e t h e r y p e n t a n e  m i x t u r e  a t  -20®C a f f o r d e d  

c rude  d i e n e  1 0 i “ (9g)  a s  p a l e  y e l l o w  c r y s t a l s ,  which was p u r i f i e d  by 

r e c r y s t a l l i z a t i o n ,  mp: 4 8 - 4 9 “ C; IR (KBr):  1745 and 1230 (OCOCH3 ) ,  1555



A ' '

,  • '  S

and 1365 (NOg); UV/XCHgClg): 2 6 6 . 4nm (e=350  m 1 5 0 I  H-NMR (CDt lg ,

250MHZ):6 l .7 '7  (3H, s ,  CH3 ) ,  1 .98  (3H ,*s ‘, OCOCH3 ) , ' 5 . 4 5  ( IH ,  dd, J = 6 .1 5

and 1.76Hz,  1 -H ) ,  6 .1 3  ( id ,  dd,  J=10.23.'  arid 1 .80Hz ,  4 -H ) ,  6 .37  (IH,  ddd,

3 = 6 .1 5 ,  1 .80 and 0 .5 5H z ,  2 -H) ,  6 . 4 5  (IH ,  ddd,  J = 1 0 .2 3 ,  1 .7 6  and 0 .55Hz,
13 ' -

-5-H)ppmj . C-NMR (CDGI3 , 62 .9M Hz) ; ,ÿ  2 0 .6  (OCOCH3 ) ,  23 .1  ( 6 -CH3 ) ,  70 .4

( 0 - 1 ) ,  8_6 . 8  ( C - 6 ) ;  122 .0  (C-2). , 12 2 .6  ( C - 3 ) ,  127 .8  ( C - 4 ) ,  128.5 ( C - 5 ) ,

169..P (OCOCH3 ); a n a l y s i s :  C 39.36%, H 3.52%, N 5.04% ( c a l c u l a t e d  f o r

■CgHipNO^Br: C 3 9 . 1 5 ^ ,  H 3.65%, N 5:0.7%).. ,
« -, .  ,

( c )  N i t r a t i o n ,  o f  4 - m e t h y l a r i i s o l e  ( 1 1 2 ) :

,  A s o l u t i o n  o f  112 ( 5 4 . 6 g,  O.445mol)  i p  a c e t i o , a n h y d r i d e

( 4 5 . 4 g ,  O.445mol) was ad d e d  “d r o p w ise  w i t h  s t i r r i n g  a t  -40°C ov e r  30min
....

t o  a n i t r a t i n g  m i x t u r e  p r e p a r e d  f r o m . n i t r i c  acid^.C56g, 0 .89raol)  and 

a q e t i c  a n h y d r i d e  ( 1 8 1 .5 5 g ,  1 .78m ol)y ,  A f t e r  c o m p le te  a d d i t i o n ,  t h e  

m ix t u r e  was s t i r r e d  f o r  30min a t  -40°C ,  t h e n  t r a n s f e r r e d  i n t o  a t h r e e

necjced 3dm round b o t to m  f l a s k  f i t t e d  w l t h ^ a  m e c h a n i c a l  s t i r r e r ,  a low
' ' 3

t e m p e r a t u r e  t h e r m o m e te r ,  an  ammonia condense r^a r id  © o n t a i n i n g  1.5dm

e t h e r  a t  -78°C.  Ammonia was condensed  in to» t h e ’l n i x t u r e  u n t i l  t h e

t e m p e r a t u r e  which had  r i s e n  t o  -60°C f e l l  a g a i n  t o  -7 8 ° C .  At t h i s  p o i n t

t h e  m ix t u r e  was a l k a l i n e  t o  l i t m u s .  Excess  NH3  was removed on t h e

a s p i r a t o r .  D ur ing  t h e  removal,  t h e  t e m p e r a t u r e  was a l l o w e d  t o  r i s e  t o

0°C ov e r  a p e r i o d  o f  60min, a f t e r  which t i m e  t h e  m i x t u r e  was n e u t r a l  t o

l i t m u s .  The e t h d r  l a y e r  was d e c a n t e d  i n t o  a s e p a r a t i n g  f u n n e l  and t h e
' ' • 3
r e s i d u e  was washed w i t h  more e t h e r  (7 50cm ) .  The combined e t h e r

3
s o l u t i o n  was washed w i t h  c o l d  d i s t i l l e d  w a t e r  (4x500cm ) and d r i e d .

Removal o f  t h e  e t h e r  a t  15°C y i e l d e d  a r e d d i s h  brown o i l  ( 8 0 g ) .  The
1

H-NMR s pec t rum  of  t h i s  m i x t u r e  I n d i c a t e d  t h e  c o m p o s i t i o n  was 30% 

( Z ) - 3 - m e t h o K y - 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  ( 1 0 2 ) ,  and
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^70% 4 - m e f c h y l - 2 - n i t r o a n i s o l e  ( 1 1 6 ) .

C r y s t a l l i z a t i o n  from e t h e r - p e n t a n e  m i x t u r e  a t  -20°C a f f o r d e d  

i n  t h r e e  s u c c e s s i v e  c r o p s  c ru d e  d i e n e  1 0 2  ( 2 6 g ) ,  which on 

r e c r y s t a l l i z a t i o n  y i e l d e d  c o l o r l e s s  c r y s t a l s  o f  d i e n e  1 0 2 , mp:

1 0 1 .5 - 1 0 3 .5  "C ; IR (KBr):  1735 and 1235 (OCOCH3 ) , J 5 4 5  and 1370 (NOg), '  .
. ' *  1 

1450 (OCH%); UV (CHgClg):  2 7 1 . 3nm (e=290m mol ) ;  H-NMR (CDCI3 ,

' 250MHz): 6  1 .77  ( 3 H , - s ,  CH3 ) ,  1 .9 5  ( 3 8 ,  SVOCOCH3 ) ,  3 . 6 0  ( 3 H , ' s ,  OCH3 ) ,

^,4.97 (IH ,  dd,  J = 6 .5 7  and 1 .75Hz,  2 - H ) ,  5 .62  ( IH ,  dd,  J = 6 .57  and 1.52Hz,

1-H),  5 .93  (IH,  dd ,  J = 10 .20  and 1 .75Hz,  4 - H ) ,  6 .5 6  (IH,  dd ,  J = 10 .20  and 
13 I

. 1 .52Hz,  5 -H)ppm; C-NMR (CDCI 3 , 62.9MHz)r* 6  19 .6  (OCOCH3 ) ,  22 .6  (CH3 ) ,

53.8  (OCH3 ) ,  70 .8  ( C - 1 ) ,  4 7 . 3 ' ( C - 6 ) ,  8 7 .8  ( C - 2 ) ,  122.7 ( C - 4 ) ,  128 .4

(C - 5 ) ,  155 .2  ( C - 3 ) ,  168 .6  (o 'cdtH3 )ppm; A n a l y s i s  C'53' .00%, H 5.94%, N~

6.14%; ( c a l c u l a t e d  f d t  C 1 0 H1 3 NO5 : C 52.86%, H 5.77%, N 6 .16%).

■V ( d )  N i t r a t i o n  o f  4 - a c e t a m i d o t o l u e n e  ( 1 1 3 ) :

F i n e l y  powdered 113 (1 .4 '9g ,  lOmmo'l) was added “to; a n i t r a t i n g

m ix t u r e  p r e p a r e d  from n i t r i c  a c i d  ( 3 . 1 ^ g ,  50mmol), a c e t i c  a n h y d r i d e

(15g,  150mmol)‘ and t r i f l u o r o a c e t i c  anhy^Vide ( ^ . 1  g , lOmmol), a t  - 4 0 ° C .

The m ix t u re ,  was s d i r r e d  a t  -40°C f o r  2h'| c o o le d  t o  -78°C and added t o  
3 . k 3  '  ■

e t h e r  (500cm ) a t  - 7 8 ° C .  . Ammonium-hydroxide (100cm , 1 .4mol)^.was s lo w ly

added w i t h  s t i r r i n g  and t h e  m i x t u r e  was s t i r t e d  f o r  an a d d i t i o n a l  2 h a t

-78°C.%  The, e t h e r  l a y e r  was d e c a n t e d  and s t o t e ^  a t  - 7 8 “ C. The r e s i d u e

was d i s s o l v e d  i n  c o l d  w a t e r  (250cm ) i n « a  s e p a r a t i n g  f u n n e l  p r e v i o u s l y

c o o le d  t o  - 2 0 , C. The combined s o l u t i o n  was q u i c k l y  washfed w i t h  c o l d

b r i n e  ( 4 x 2 5 0 c m . , d r i e d  a t . - -78°C and f i l t e r e d  t h ro u g h  a . j a c k e t e d
3 , ’**■

f i l t e r i n g  f u n n e l  ( - / 8 °C) i n t o  a 1dm round bo t tom  f l a s k ,  c o o le d  t o

-78°C.

\ /
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The e t h e r  was removed on a r o t o v a p o r  c o n n e c t e d  t o  a high__
' - ■ 

vacuum pump v i a  a d r y  i c e  c ,ondenser  f o l l o w e d  by t h r e e  l i q u i d  n i t r o g e n
1

t r a p s .  The e v a p o r a t i o n  f l a s k  was m a i n t a i n e d  a t  -40  C. Thh*^ H-NMR

s p e c t ru m  o f  t h e  y e l l o w  r e s i d u e  (2g )  o b t a i n e d ,  t a k e n  a t  -40°C ,  i n d i c a t e d

t h e  p r e s e n c e  o f  35% ( Z ) - 3 - a c e t a m i d o - 6 - p e t h y l - 6 - n i t r o c y c l o ^ ^ x a - 2 , 4 - d i e n y l

a c e t a t e  ( 1 0 3 ) ;  and 63% 4 - m e t h y l - 2 - n i t r o a c e t a n i l i d e  (125>.  The m i x t u r e

was ch rom a tog raphed  on a c t i v a t e d  " s i l i c a  g e l  (mesh s i z e  60 -200 ,  75g)

c o n t a i n e d  i n  a ' j a c k e t e d  f i l t e r i n g  f u n n e l  (4xl5cm ) c o o le d  t o  -78  C.

S o lv e n t  used a s  e l u e n t  was c o o l e d ,  i n  a j a c k e t e d  d r o p p i n g  f u n n e l ,  to-

-78°C u n d e r  n i t r o g e n .  A l l  f r a c t i o n s  were c o l l e c t e d ;  i n  f l a s k s  c o o le d  to

-78°C ,  and e v a p o r a t e d  below -4 0 °C .  E l u t i o n  f i r s t  w i t h  60%

e t h e r - p e t r o l e u m  e t h e r  and  w i t h  80% e t h e r - p e t r o l e u m  e t h e r  gave  pu re  125 
' 148 1

mp: 95-96°C ( l i t  96°C);  H-NMR'(2 50MHz, CDCI3 ) :  6  2 .2 2  (3H,  s ,  CH3 ) ,

\  2 :3 2  (3H, s ,  NHCOCH3 ) ,  7 .3 8  (IH ,  dd, J ^ l . 8 5  and 8 . 70Hz, , 5 - H ) , 7 .9 2  (IH ,

d,  J=1 .85Hz ,  3 - H ) ,  8 :5 4  ( IH ,  d ,  J= 8 .70H z ,  6 - H ) ,  10 .12  (IH ,  s ,  ÜH)ppm;
13 ' . '

C-NMR' (62.9MHz, CDCI3 ) :  6 ^ 2 0 .5  (CH3 ) ,  25 .5  (NHCOCH3 ) ,  122.2 f C - 6 ) ,

125 .5  ( C - 3 ) ,  132 .5  ( C - 4 ) ;  133 .5  ( C - 1 ) ,  1^ 6 .4  ( C - 2 ) ,  136 .8  ( C - 5 ^  168.9

(NHCOCH3 ) .  The 90% e t h e r - p e t r o l e u m  e t h e r  f r a c t i o n  c o n t a i n e d  30% o f  125

and 70% o f  d i e n e  103.* ■ - ^

The m i x t u r e  o f  125 and 103 (-^500mg) was r e c h r o m a t o g ra p h e d  on

s i l i c a  g e l  (75g)  under  t h e  same c o n d i t i o n s .  Pure  d i e n e  103 was e l u t e d

w i t h  1 0 0 % e t h e r  f r a c t i o n  and was used f o r  c h a r a c t e r i z a t i o n  w i t h o u t
1

f u r t h e r  p u r i f i c a t i o n .  H-NMR (CDCI3 , 250MHz, - 3 2 ° C ) :  6  1 . 7 8  (3H, s ,  * 
' , '''

CH3 ) ,  1 .95  (3H, s ,  OCOCH3 ) ,  2 .1 0  (3H, s ,  NHCOCH3 ) ,  5462 ( IH ,  dd ,  J = 6 .5 5

and .1.53Hz, 1 -H) ,  6 .0 9  ( IH ,  dd,  J = 1 0 .3 0  and 1 .70Hz,  4 - H ) ,  6 . 4 9  ( IH ,  m,

2 -H) ,  6 .61  (IH,  dd,  J = 10 .30  and 1 .53Hz,  5 -H) ,  7 .64  (IH ,  m, NH)ppm;
13 '  '  ;•

C-NMR (62.9MHz, CpCl 3~32‘’C) : 6  20 .7  (OCOCH3 ) ,  23 .3  (CA3 ) ,  24 .5
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(NHCOCHg). 7 0 . 3  ( C - 1 ) ,  8 7 .7  ( C - 6 ) ,  1 0 2 , 6  ( C - 2 ) ,  122.7 ( C - 4 ) ,  129.1

( C - 5 ) , 134 .3  ( C - 3 ) ,  169 .2  and 170 .0  (OCCOCH3  and NHCOCH3 )ppra.

T ( e )  N i t r a t i o n  o f  2 - c h l o r o - 4 - m e t h y l a n s l o l e  ( 1 1 5 ) :

A n i s o l e  115 ( 7 . 8 g ,  0 .05raq l )  was added t o  a n i t r a t i n g  m ix t u r e

'  p r e p a r e d  from n i t r i c  a c i d  ( 6 . 3 g ,  O . lm o l )  and a c e t i c  a n h y d r i d e  ( 2 5 . 5g,

0 .25m ol)  'ht - 40°C ,  o v e r  a. p e r i o d  o f  2min. A f t e r  s t i r r i n g  f o r  Ih  a t
'  • 1

-40°C t h e  m i x t u r e  was c o o l e d  t o  ^ 7 8 ° C ,  At t h i s  s t a g e  t h e  H-NMR

sp e c t r u m  sWwed t h a t  t h e  c o m p o s i t i o n  was 49% ( Z ) - 4 - c h l o r o - 3 - m e t h o x y -

- 6 ‘- m e t h y l - 6 - n l t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  ( 1 3 0 ) ,  18%
9

2 - c h l o r o - 4 - r a 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  (134)  and 33%

2 - c h l o r o - 4 - m e t h y l - 6 - n i t r o a n i s o l e  ( 1 3 6 ) .  The m i x t u r e  was poured  i n t o
3 _,

e t h e r  (500cm ) a t  -78  C.
3

Ammonium h y d r o x i d e  (7 5cm , l . l m o l )  was s lo w ly  added t o  t h i s

m i x t u r e  and s t i r r i n g  was c o n t i n u e d  f o r  I h .  The e t h e r  l a y e r  was

s e p a r a t e d  and t h e  r e s i d u e  was d i s s o l v e d  i n  w a t ^ ^ ( 2 0 0 cm ) and e x t r a c t e d
3

w i t h  e t h e r  (2xI00cm ) .  The combined e t h e r  s o l u t i o n  was washed w i t h
3 . • ' .

w a t e r  (4xl50cm ) ,  d r i e d  and c o n c e n t r a t e d  on t h e  r o t o v a p o r  a t  15°C t o  t

y i e l d  a h e t e r o g e n o u s  m i x t u r e .  Crude ( Z ) - 4 - c h l o r o - 3 - m e t h o x y - 6 - m e t h y l -
'  - %

- 6 - n i t T o c y c l o h e x a - 2 , 4 - d j ! e n y l  a c e t a t e  130 ( 5 . 2 g ) . w a s  o b t a i n e d  on.

f i l t r a t i o n .  Removal o f  e t h e r  from t h e  f i l t r a t e  gave a y e l l o w  o i l  ( 6 g ) .
1 ;

The H-NMR s p e c t r u m  o f  t h i s  o i l  i n d i c a t e d  t h e  p r e s e n c e  o f . 10.5%

unchanged a n i s o l e  115,  56.5% of  136,  22.3% o f  137,  5.5%

2 - c h l o r o - 4 r 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 h y l  d i m e t h y l  k e t a l  (135)  and

4% d i e n e  130.

P u r e  d i e n e  130 was o b t a i n e d  a s  w h i t e  c r y s t a l s  a f t e r  

r e c r y s t a l l i z a t i o n  from e t h e r - p e t r o l e u m  e t h e r  m ix t u r e  a t  - 20°C .  I t  had 

mp 82°C; IR ( K 3 r ) >  1735 and 1230 (OCOCH3 ) ,  154# and 1360 (NOg), 1235
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2 - 1  1
(OCH3 ) ,  665 (C -C l ) ;  UV.CCHgClg): 2 7 5 . 6nm (e=123 .7  m m o l  );  H-NMR

(250MHz, CDCl;): 6  1 . 8 0  (3H, s ,  CH3 ) ,  1 .97  (3H, s ,  OCOCH3), 3 .68  (3H, s ,

OCH3 ) ,  5 .12  (IH ,  d , J=6 .45H z ,  2 -H) ,  5 .6 0  (IH ,  dd ,  J = 6 .4 5  and 1.85Hz,
1 3

1-H),  6 .73  (IH,  d', J= 1 .85H z ,  5-H)ppm; C-NMR (62.9MHz, CDCI3): 5̂  20.7 

(OCOCH3), 23.5 (CH3), 55.8 (OCH3), 71.2 (C-1), 88.7 (C-6), 91.1 (C-2),
126.2  (C-5), 127.6 ( C - 4 ) ,  152 .4  (C -3 ) , '  169 .6  ( 0 G0 CH3 )ppm; a n a l y s i s :  C 

45.70%, H 4.55%, N 5.22%; ( c a l c u l a t e d  f o r  CioHigNOgCl: C 45.90%, H 

4.62%, N 5.35%). <
( f )  N i t r a t i o n  o f  2 - c h l o r o - p - x : r e s ' o l  ( 1 1 9 ) :

A n i t r a t i n g  m i x t u r e  was p r e p a r e d  from n i t r i c  a c i d  ( 1 .8 9 g ,

0 .0 3m ol)  and a c e t i c  a n h y d r i d e  and c o o l e d  t o  - 4 5 ° C ._  To t h i s  m ix t u r e

c r e s o l  119 ( 1 .4 2 g ,  O.Olraol)  was added and s t i r r e d  f o r  lOmin th e n  c o o le d  
1

t o  - 7 8 “ C". The H-NMR s p e c t r u m  o f  t h i s  m i x t u r e  a t  t h i s  s t a g e  i n d i c a t e d  

t h e  p r e s e n c e  of  58% 2 - c h l o r o - 6 - n i t r o - p - c r e s o l  (137)  and 42% of

2 - c h l o r o - 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  ( 1 3 4 ) .
3

The r e a c t i o n  m i x t u r e  was poured i n t o  e t h e r  (200cm ) a t  -78 C,
3

and n e u t r a l i z e d  w i t h  e x c e s s  NH^OH (35cm , 0 . 5 m o l ) .  A f t e r  s t i r r i n g  t h e
’ o  ̂ fm i x t u r e  f o r  Ih a t  -78  C, t h e  e t h e r  l a y e r  was s e p a r a t e d  and t h e  r e s i d u e

, 3 ■ 3
d i l u t e d  w i t h  w a te r  (100cm ) was e x t r a c t e d  w i t h  c o l d  e t h e r  (2x50cm ) .

3
The combined e t h e r  s o l u t i o n  was washed w i t h  w a t e r  (4x7 5cra ) ,  d r i e d

and f i l t e r e d  t h ro u g h  a j a c k e t e d  f i l t e r i n g  f u n n e l  c o o l e d  to  -78°C .  The
1

e t h e r  was removed ^rom t h e  f i l t r a t e  a t  - 4 0 °C .  The H-NMR spec t rum  of  

t h e  r em a in in g  r e s i d u e  i n d i c a t e d  t h e  p r e s e n c e  of  12% c r e s o l  137 and 8 8 % 

d i e n o n e  134, • ,t
The m i x t u r e  was d i s s o l v e d  i n  80% e t h e r - p e t r o l e u m  e t h e r  

3
( 3 0 :6 0 )  (250cm ) and f i l t e r e d  th r o u g h  b a s i c  a lum ina  (150g)  c o n t a i n e d  in

a j a c k e t e d  f i l t e r i n g  f u n n e l  t o o l e d  t o  -7 8 °C .  The a lu m in a  was washed
3

w i t h  80% e t h e r  -  20% p e t r o l e u m ‘e t h e r  (250cm ) f o l l o w e d  by 100% e t h e r
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3

(250cm ) .  A f t e r  remova l  o f  t h e  e t h e r  a t  -50*C,  t h e  f i l t r a t e  and t h e  

w ash ings  y i e l d e d  p u r e  d i e n o n e  134: H-NMR (250MHz, CDCI3 , - 4 0 ° C ) :  6  2 .04

(3H, s ,  CH3 ) ,  6 .5 2  ( l H , ' d ,  J=10 .1 2H z ,  6 -H ) ,  7 .20  ( IH ,  dd ,  J = 1 0 .1 2  and
13

2.80Hz,  5-H), 7.34 ( IH ,  d ,  J = 2 .8 0 H z ,  3-H)ppm; C-NMR (62.9MHz, CDCI3 , 

-40°C): 6 25.1 (CH3), 84;6 (C-4), 128.4 (C-6), 137.5 (C-3), 142.0
(C-5), 142.2 (C-2), 198.5 (C-l)ppm.
( g )  N i t r a t i o n  of  3 - c h l o r o - 4 - m e t h y l s a n i s o l e  ( 1 1 7 ) : .

Anisol6 ; ,117 (78mg, 0.5mmol) was added to  a n i t r a t i n g  m i x t u r e  

p r e p a r e d  from n i t r i c  a c i d  (63mg, Immol) and a c e t i c  a n h y d r i d e  (510m^, 

5mmol) a t  - 45°C .  A f t e r  3min a t  -45°C a H-NMR sample was wi thd rawn and 

t h e  r e a c t i o n  a t  -40°C i n  t h e  p robe  was f o l lo w e d  by H-NMR. A f t e r  35min 

t h e  r e a c t i o n  was c o m p le te  and t h e r e  was p r e s e n t  26% 3 - c h l o r o - 4 - m e t h y l - 2  

- n i t r o a n i s o l e  ( 1 3 8 ) ,  51% 5 - c h l o r o - 4 - m e t h y l - 2 - n i t r o a n i s o l e  (139)  and 23%

3 - c h l o r o - 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  ( 1 4 0 ) .

S i m i l a r  p r o d u c t  m i x t u r e s  were o b t a i n e d  from d i f f e r e n t  

r e a c t i o n  m i x t u r e s  u s i n g :  ( a )  1 .5  mol p r o p o r t i o n  o f  n i t r i c  ac id '  and 10
k •
mol p r o p o r t i o n  o f  a c e t i c  a n h y d r i d e  a t  -40°C and (b )  2 mol p r o p o r t i o n  of  

n i t r i c  a c i d ,  1 0  mol p r o p o r t i o n  o f  a c e t i c  a n h y d r i d e  t o g e t h e r  w i t h  a Imol 

p r o p o r t i o n  of 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 t  -60°C.

( h )  N i t r a t i o n  of  3 - c h l o r o - p - c r e s o l  ( 1 2 0 ) :

C r e s o l  120 (49Gmg, 3.4mmol) was added d r o p w i s e  ov e r  a p e r i o d

o f  5min t o  a n i t r a t i n g  m i x t u r e  p r e p a r e d  from n i t r i c  a c i d  (270mg,
3

4.28mrool) and CHCI3  (4cm ) a t  - 6 0  C. The m i x t u r e  was s t i r r e d  f o r  30min
1

d u r i n g  which t h e  t e m p e r a t u r e  was a l low e d  t o  r i s e  t o  -40°C .  The H-NMR 

sp e c t ru m  o f  t h e  m i x t u r e  a t  t h i s  s t a g e  i n d i c a t e d  t h e  c o m p o s i t i o n  aSç2 2 %

3 - c h l o r o - 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 l e n o n e  ( 1 4 0 ) ,  25%

3 - c h l o r o - 2 - n i t r o - p - c r e s o l  ( 1 4 1 ) ,  and 53% 5 - c h l o r o - 2 - n i t r o - p - c r e s o l  

( 1 4 1 ) .  I t  w^s t h e n  c o o l e d  t o  -78°C and t r a n s f e r r e d  on to  an a lu lK n a
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( b a s i c ,  30g)  column c o o l e d  t o  -78°C ,  and k e p t  under  a r g o n .  The column
3 3

was e l u t e d  w i t h  e t h e r  (50cm ) f o l l o w e d  by CH2 C I 2  (200cm ) .  The e l u e n t s

were c o l l e c t e d  i n  a r e c e i v i n g  f l a s k  c o o l e d  t o  -78°C ,  and e v a p o r a t e d  a t
1

-50°C t O ' y i e l d  pu re  d i e n o n e  140 (70mg) a s  a c o l o u r l e s s  l i q u i d .  H-NMR 

(250MHz, CDCI3, -50°C): 6 2.01 (3H, s, CH3), 6.50 (IH, dd, J-9.95 and
1.47Hz, 6-H), 6.69 (IH, d, J=1.47Hz, 2-H), 6.95 (IH, d, J=9.95Hz,

135-H)ppm; C-NMR (62.9MHz, CDCl3, -50°C): 6 22.3 (CHg), 87.4 (C-4),
129.1 (C-2), 130.0 (C-6), 141.4 (C-5)t 148.0 (C-3), 181.7 (C-l)ppm; The
d ienone  decomposed t o  an e q u im o la r  m i x t u r e  of  c r e s o l s  141 and 142 a t  0 “C

o v e r  a p e r i o d  of  lOmin. The a lum ina  a f t e r  i s o l a t i o n  of  t h e  d i en o n e  was
3

s t i r r e d  w i th  c o n c e n t r a t e d  HCl a c i d  i n  m e tha no l  ( 1 :9  v / v )  (200cm ) .  The 

f i l t r a t e  was e v a p o r a t e d  to  d r y n e s s  t o  yieTcf a m ix t u r e  of c r e s o l s  1 2 0 ,

141 and 142.

The m i x t u r e  was s e p a r a t e d  by ch rom a tog raphy  on a s i l i c a  g e l  

column (80g)  u s i n g  e t h e r - p e t r o l e u m  e t h e r  m i x t u r e s  as  e l u e n t s .  The 

f r a c t i o n s  e l u t e d  w i t h  5% to  10% e t h e r  s o l u t i o n s  c o n t a i n e d  pu re  c r e s o l  

142. M ix tu re s  of  c r e s o l s  142 and 120 were o b t a i n e d  on e l u t i o n  w i th  20% 

e t h e r  s o l u t i o n s .  Pure  c r e s o l  120 was e l u t e d  i n  l a t e r  20% e t h e r  

f r a c t i o n s .  E l u t i o n  w i t h  40% to  80% e t h e r  s o l u t i o n  gave pu re  c r e s o l  141.  

C r e s o l  142 c r y s t a l l i z e d  from e t h e r - p e t r o l e u m  e t h e r  m i x t u r e s  as  ye l lo w

flakes. It had mp 69-70°C; IR (KBr): 3500 (OH), 1569 and 1320 (NOg); UV
2 - 1  2 _1  1

(CH2 C I 2 ) :  X 361nm ( e=580 m mol ) ,  291nm (e=1167 m mol ); H-NMR

(250MHz, CDClg):5 2.35 (JH, s, CH3), 7,18 (IH, s, 6-H), 7.97 (IH, s,
13 _

3-H),  10 .43  ( IH ,  s ,  exc h an g e s  w i t h  D2 O, OH)ppm; C-NMR (62.9MHz, CDCl^f

6-19.1 (CHg), 120.1 (C-6); 120.4 (C-4), 126.0 (C-3), 128.8 (C-2), 144.2 
( C - 5 ) ,  153.4 (C - l )ppm ;  MS (70ev ,  E l ) ,  m/e ( r e l a t i v e  i n t e n s i t y ) :  1 8 9 ( 1 6 ) ,  

187(48), 157(20), 129(23), 90(16), 77(100); exact mass: found 187.003
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35 ' .(calculated for C^H^NO, Cl 187.003).

C r e s o l  141 was o b t a i n e d  as  brown c r y s t a l s :  rap 68 .5°C;  IR

(KBr) 3360 (OH), 1530 and 1390 (NOg); UV (CHgCl;,): 1 365nm (c=219
2 - 1  2 - 1 1  ™ ^  

m mol ) ,  286nm ( e=403 m mol ); H-NMR (250MHz, CDCl3 ) : 5  2 .3 7  (3H, s ,

CH]), 6.97 (IH, d, j=8.70Hz, 6-H), 7.33 (IH, d, J=8.70Hz, 5-H), 8.80
i 3(IH, brs, OH)ppm; G-NMR (62.9MHz, CDCl]):^. 18.9 (CH]), 116.1 (C-6),

126.7 (C-3), 129.5 (C-4), 134.7 (C-2 and C-5), 15^.0 (C-l)ppm; MS (70ev,
El), m/e ( r e l a t i v e  i n t e n s i t y ) : 189(14), 1 8 7 ( 4 1 ) ,  157(17), 105(13),

3593(10), 7 7 ( 1 0 0 ) ;  e x a c t  mass: found 187.003 ( c a l c u l a t e d  f o r  C^HgNO 3 CI: 

187.003).
The c o m p o s i t i o n  of  t h e  r e a c t i o n  m i x t u r e  p r i o r  t o

p
chrom atography  was d e t e r m i n e d  from a s e p a r a t e  r e a c t i o n  u s i n g  c r e s o l  1 2 0

3
(71mg, 0.3mmol) and n i t r i c  a c i d  (47.5mg,  0.73mmol)  in  CDCl] (0 .5cm ) .

The H-NMR spe c t rum  o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  

39% d iengne  140, 32% c r e s o l  141 and 29% c r e s o l  142.

( i )  N i t r a t i o n  o f  2 - b r o m o - 4 - m e t h y l a n i s o l e  ( 1 1 4 ) :

A n i s o l e  114 ( 8 g,  0.05mol) was added ov e r  a p e r i o d  o f  2min to

a n i t r a t i n g  m i x t u r e  p r e p a r e d  w i t h  n i t r i c  a c i d  ( 7 .5 6 g ,  0 .12m ol)  and
1

a c e t i c  a n h y d r i d e  (204g ,  0 .2m ol )  a t  -40°C.  The H-NMR s p e c t ru m  of  t h e  

r e a c t i o n  m ix t u r e  i n d i c a t e d  t h e  p r e s e n c e  o f  30%
" Z - 4 - b r o m o - 2 - m e t h o x y - 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

(146), 27% 2 - b r o m o - 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  (148) and 43%
2 - b r o m o - 4 - m e t h y l - 6 - n i t r o a n i s o l e  ( 1 4 7 ) .  The m i x t u r e  was s t i r r e d  f o r

40min, c o o le d  t o  -78°C and poured i n t o  e t h e r  (450cm ) a t  -78*C.
1

The H-NMR spe c t rum  o f  t ^ e  c ru d e  m i x t u r e  ( 8 . 6 g) a f t e r  low t e m p e r a t u r e  

work up w i t h  NH^OH i n d i c a t e d  t h e  p r e s e n c e  of  16%

2 - b r o m o - 6 - n i t r o - p - c r e s o l  149, 38% ( Z ) - 4 - b r o m o - 3 - m e t h o x y - 6 —m e t h y l -
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6 - n f 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  (146)  and 46% a n i s o l e  147.  '
'î

C r y s t a l l i z a t i o n  of  t h e  m i x t u r e  from e t h e r - p e t r o l e u m  e t h e r  

m ix tu re  y i e l d e d  pure  d i e n e  146 ( 1 . 0 5 g )  as  p a l e  ye l lo w  c r y s t a l s ,  mp:

85°C; IR (KBr): 1749 (OCOCH3), 1550 and 13%) (NOg); ^  (CHgClg): 280.5nm
2 - 1  2 - 1  1 

(e=232 m mol ) ,  2 3 5 . 6nm ( e=288 m mol );  H-NMR (250MHz, CDCl 3 ) : 6  .1 .80

(3H, s, CH3), 1.98 (3K, s, OCOCH3), 3.67 (3H, s, OCH3), 5.09 (IH^d, 
J=6.62Hz, 2-H), 5.59 (IH, dd, J=6.62 and 1.91Hz, 1-H), 6.99 (IH, d,

i  3J=1.91Uz, 5-H)ppm; C-NMR (62.9MHz, CDCl3): (L 20.7 (OCOCH^), 23.2 
(CH3), 55.8 (OCH3&, 71.1 (C-1), 89.3 (C-6), 90.5 (C-2), 117.3 (C-4),
130.4 (C-5), 152.5 (C-3), 169.6 (0C0CH3)ppm; Analysis: C 39.20%, H 
3.70%, N 4.69%; (calculated for CigHigNOsBr C 39.23%, H 3.95%, N 
4.57%).
( j )  N i t r a t i o n  o f  4 - m e t b y 1 - 2 - n i t r o a n i s o l e  (116)  i n  t h e  p r e s e n c e  of  

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 m i x t u r e  o f  a n i s o l e  116 ( 4 . 4 g ,  0 .028m ol)  and a c e t i c  , - 

a n h y d r i d e  (7g ,  0 .068m ol)  was added t o  a n i t r a t i n g  m ix t u r e  p r e p a r e d  from 

n i t r i c  a c i d  ( 8 . 8 g,  0 . 1 4 m o l ) ,  a c e t i c  a n h y d r i d e  (35g ,  0 .34m ol)  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  (5.88g*, 0 .028m ol)  a t  -20°C.  The m i x t u r e  was

s t i r r e d  f o r  30min, c o o le d  t o  -78®C and poured  i n t o  a m i x t u r e  o f  aqueous
3 3

sodium b i c a r b o n a t e  (160g ,  2mol i n  750cm ) and e t h e r  (1dm ) .  The m i x t u r e

was s t i r r e d  f o r  2h (pH=8 ) and t h e  e t h e r  l a y e r  was s e p a r a t e d .  The
3

aqueous  l a y e r  was e x t r a c t e d  w i t h  e t h e r  (2x500cm ) .  The combined e t h e r
3

s o l u t i o n  was washed w i t h  s a t u r a t e d  b r i n e  (4x500cm ) ,  d r i e d  and th e n

e v a p o r a t e d  to  d r y n e s s  on t h e  r o t o r v a p o r  a t  ambient  t e m p e r a t u r e .  The
1
H-NMR spe c t rum  o f  t h e  ye l lo w  r e s i d u e  ( 5 . 5 g )  i n d i c a t e d  t h a t  iC was 8 8 % 

of a m i x t u r e  o f  d i e n e s  and 12% 4—m e t h y l - 2 , 6 - d i n i t r o a n i s o l e  ( 1 5 5 ) .

The r e s i d u e  was t r i t u r a t e d  w i t h  e t h e r  (250cm ) .  The r e s i d u e  

( l . l g )  o b t a i n e d  on f i l t r a t i o n  c o n t a i n e d  80% ( Z ) - 3 - r a e t h o x y - 6 - m e t h y l -
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2 , 6 - d i n l c 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  (151)  and 20% o f  t h e  (E)  i som er  

( 1 5 2 ) .  ' 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  of  t h e  r e s i d u e  from CH2 C l 2 a t  -20°C 

gave L52 ( 8 8 mg) a s  t h e  f i r s t  c r o p ,  f o l l o w e d  by a m i x t u r e  o f  18%. 152 ,  and 

82% 151 in  t h e  second c ro p  (200mg).  Pure  d i e n e  151 (200mg) was o b t a i n e d '  

i n  t h e  t h i r d  c r o p .

C r y s t a l l i z a t i o n  from t h e  f i l t r a t e  gave pu re  d i e n e  151 

(5Q0mg). Only m i x t u r e s  were o b t a i n e d  o n * f u r t h e r  c r y s t a l l i z a t i o n  from 

t h e  mother  l i q u o r  and t h e  r e m a in i n g  m i x t u r r e  was t h e r e f o r e  

c h rom a tographed  on a s i l i c a  g e l  (125g)  column a t  -4 0 °C .  M ix tu r e s  (10 ,

20, 25, 30, 40,  50, 75 and 100)% o f  e t h e r  and p e t r o l e u m  e t h e r  were used 

as  e l u e n t s .  Pure l - m e t h o x y - 4 - m e t h y l - 2 , 4 , 6 - t r i n i t r o c y c l o h e x - 2 -  

- e n y l - 1 , 5 - d i a c e t a t C e  (153)  was o b t a i n e d  i n  t h e  10% e t h e r  f r a c t i o n .

A n is o le  155 was o b t a i n e d  in t h e  20-25% e t h e r  f r a c t i o n s .  Pure. 

( Z ) - 3 - m e t h o x y - 6 - 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 y l  a c e t a t e  (154)  was 

o b t a i n e d  a f t e r  c r y s t a l l i z a t i o n  of  t h e  r e s i d u e  from the  30% e t h e r  

f r a c t i o n s .  L a t e r  f r a c t i o n s  c o n t a i n e d  m a in ly  m i x t u r e s  o f  a n i s o l e  155 and

4 - 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  d i m e th y l  k e t a l  (156) which 

co u ld  no t  be s e p a r a t e d .  A l l  d i e n e s  were ^ j u r l f i e d  by r e c r y s t a l l i z a t i o n  

from e t h e r - p e t r o l e u m  e t h e r  m i x t u r e s  a t  - 2 0 °C .  Diene 152 had mp I38°C;

IR (KBr): 1755 (OCOCH3), 1586 and 1565 (NOg), 1210 (OCH3); UV (CHgCl?):
2 _ i 1

^max 336-4"™ (e-800 m mol ); H-NMR (250MHz, CDCl3): 5 1.79 (3H, s,
CH3), 2.10 (3H, s, OCOCH3), 4.04 (3H, s, OCH3), 6.36 (IH, dd, J=10.20
and 1.61Hz, 5-H),  6 .71  (IH ,  d,  J=10 .2 0Hz ,  4 -H ) ,  7 .04  ( l H , . d ,  J=1 .6 1Hz ,

13. '1-H)ppm; C-NMR (62.9MHz, CDCI3): 6_ 20.5 (OCOCH3), 21.8 (CH3), 58.1
(OCH3), 68.2 (C-1), 86.3 (C-6), 122.4 (C-4), 124.3 (C-2), 135.6 (C-5),^,
156.5 ( C - 3 ) ,  169.2 (OC^ULMgjppm; A n a l y s i s :  C 43.93%, H 4.23%, N I p . 09%; 

(calculated for CioHig^zO?: C 44.12%, H 4.44%, N 10.29%).
D iene  151 had mp 112-4°C;  UV (CH2 CI 2 ) :  3 3 5 . 6 nm (c= 8 i2
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m^mol ) ,  2 3 8 . 9nm (e=239 m mol )■; IR (KBr) : .  1755 (OCOCH3 ) ,  1586 and
i '1565 (NOg), 1210 (OCHg); HHNMR (250MHz, CDCI3): 6 1.88 (3B, s, CH3),

1.97 (3H, s, OCOCH3), 4.03 (3H, g, OCH3), 6.47 (IH, d, J=10.60HZ, 4-H),
6 .57  (IH, d,  J=2 .0 6Hz ,  1 -H) ,  7 .09  (IH ,  dd ,  J = 1 0 .6 0  and 2 .06Hz,  5-H)ppm;
13 -C-NMR (62.9MHz, CDCl3): 6_ 20.4 (OCOCH^), 22.8 (CH3), 58.0 (OCH3), .
70.4 (C-1), 88.9 (C-6), 117.2 (C-4), 123.7 (C-2), 138,3 (C-5),155.9 
(C-3), 168.4 (OCOCHs)ppm; Analysis: C 44.11%, H 4.10%, K 10.02% 
(calculated for CigHigNgO?, C 44.12%, H 4.44%, N 10.29%).

Compound 153 had mp 134°C; UV (CH2 C I 2 ) :  2 4 4 . 3nm (e=257
2 -1m mol ); IR (KBr) 1790 and 1755 (OCOCH3), 1545 and 1560 (NOg), 1190

OCH3); 'H-NMR (250MHz, CDCl3): 5 1.88 (3H, s, CH3), 2.07 (3H, s,
'

OCOCH3), 2.21 (3&, ë, C,-0C0CH3), 3.66 (3H, s, OCH3), 5.72 (IH, d,
Jadl.BOHz, 6-H), 6.33 (IH, d, J=11.8Hz, 5-H), 6.96 (IH, s, 3-H)ppm;
13 C-NMR (62.9MHz, CDCl3̂ : 20.1 (OCOCH3), 20.9 (OCOCH3), 22.2 (CH3),
53.4 (OCH3), 68.0 (C-5), 87.3 (C-4),/%7.6 (C-6), 95.1 (C-1), 130.1
(C-3), 148.5 (C-2), 168.1 (OCOCH3), 168.7 (OCOCH3)ppm; Analysis:
C 37.95%, H 3.87%, N 10.70%; (calculated for CigHigNgOii, C 38^20%, H 
4.00%, N 11.10%).

Diene 154 had mp: 99-100°C;  UV (CH2 C I 2 ) :  2 4 8 . 9nm ( e=204
2 _1 l

m mol ); IR (KBr):  1745 and 1010 (OCOCH3), 1545. and 1^360 (NO2), 1060
(OCH3); ^H-NMR (250MHz, CDCl3): 6 1.88 (3H, s, CH3), 1.95 (3H, s,
OCOCH3), 3.71 (3H, s, OCH3), 5.27 (IH, d, J=6.70Hz, 2-H), 5.64 (IH, dd,

l '3
J = 6 .7 0  and 2.02Hz, 1-H;, 7 .29  (IH, d, J=2 .02Hz ,  5-H)ppm; C-NMR 
(62.9MHz, CDCI3): 6. 20.6 (OCOcW^^, 22.5,(CH3), 56.1 (OCH3), 70.7 (C-1),
8 7 . 5 (C-6), 93 .5  (C-2), 127.3  ( C - 5 ) ,  145 .4  (C-4), 149.3  (C-3), 169.4

A
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(OCOCHg)ppm; A n a l y s i s :  C 4 4 . 1 2 % ,  H 4 . 4 4 % ,  Ü 1 0 . 2 0 % ;  ( c a l c u l a t e d  f o r  >

C 44.12%, H 4.44%, N 10.20%). , ,
1 *4 6  "  1

■The a n i s o l e  155 had mp 122 ( l i t  122 °C);  H-NMR

( 2 5 0 î l S * ,  CDCl 3 ) : 5 2 . 4 8  ( 3 H ,  s ,  CH 3 ) ,  4 . 0 4  ( 3 H ,  s ,  OCH3 ) ,  7 . 8 5  ( 2 H ,  s ,
13 /3-H and 5-H)ppm; C-NMR (62.9MHz, CDCl3): 6_ 20.3 (CH3), 64.5 (OCH3), '

129.2  (C-3 ami C - 5 ) ,  134 .9  (C-4), 144.8 (C-2 and C- 6 ) ,  145.1 ( C - l )ppm .

( k )  N i t r a t i o n  o f  4 - m e t h y l - 2 - n i t r o  a n i s o l e  (116 )  a t  0°C i n  t)ie a b s e n c e  o f

t r i f l u o r o a c e t i c  a n h y d r i d e :
*

A n i s o l e  116 ( 8 . 3 5 g ,  0 .05m ol)  was added d ro p w ise  o v e r  2min to  

a n i t r a t i n g  m ix tu re ^  p r e p a r e d  from n i t r i c  a c i d  ( 9 . 4 5 g ,  O. lSmol)  and 

a c e t i c  a n h y d r i d e  ( 5 I g , ■ 0 . 5 m o l ) , a t  - 4 0 ' C .  The r e a c t i o n  m i x t u r e  was %

warmed to  0°C and s t i r r e d  on an i c e  b a t h  f o r  I h ,  t h e n  poured  i n t o  c o l d

e t h e r  (500cm , - 7 8 ° C ) .  The p r e c i p i t a t e  which formed was f i l t e r e d  o f f  i n

a j a c k e t e d  f i l t e r i n g  f u n n e l  ( - 7 8 ° C ) .  The r e s i d u e  was d i s s o l v e d  i n
3 3

CH2 C I 2  ( ^O c m  ) and washed w i t h  10% aqueous  NaHC0 3  (3xl50cm ) .  T h i s

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

c r y s t a l l i z a t i o n  from e t h e r - p e t r o l e u m  e t h e r  m i x t u r e  a t  -20*C y i e l d e d  p u r e

d i e n e  151 ( 3 . 5 g ) .
3

The o r i g i n a l  f i l t r a t e  was p l a c e d  i n  a 2dm t h r e e  necked  round

bot tom  f l a s k  f i t t e d  w i t h  a m e c h a n ic a l  s t i r s r e r  and c o o le d  t o  -78°C .
3

Ammonium h y d r o x id e  (200cm , 3mol)  was s l o w l y  added and t h e  m i x t u r e  was

s t i r r e d  f o r  2 h. The o r g a n i c ' l a y e r  was d e c a n t e d ,  washed w i t h  w a t e r
3 . /

(3x250cm. ) ,  d r i e d  and  e v a p o r a t e d  to  d r y n e s s ,  t o  y i e l d  a y e l lo w  r e s i d u e
1

( 2 . 0 5 g ) .  The H-NMR s p e c t r u m  of  t h i s  m i x t u r e  i n d i c a t e d  th e  p r e s e n c e  of  

75% d i e n e  154 and 25% a n i s o l e  155.  C r y s t a l l i z a t i o n  from e t h e r - p e t r o l e u m  

e t h e r  m ix t u r e  gave p u r e  d i e n e  154 (550mg) .  The ammonia s o l u t i o n  a f t e r  

s e p a r a t i o n  o f  t h e  o r g a n i c  l a y e r  was d i l u t e d  w i t h  w a t e r  (250cm ) and
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e x t r a c t e d  w i t h  e t h e r  (2x250cm ) .  The e t h e r  l a y e r  was washed w i t h
3

s a t u r a t e d  b r i n e  ( 2 x 2 0 0 c t h  ) ,  d r i e d  and e v a p o r a t e d  t o  d r y n e s s  t o  y i e l d  a

brown r e s i d u e  ( 3 g ) . The H-NMR spec t rum  of  t h i s  m i x t u r e  i n d i c a t e d  t h e

c o m p o s i t i o n  as  75% a n i s o l e  155 and 25% d i e n e  154.

(1 )  N i t r a t i o n  o f  4 - m e t h y l - 3 - n i t r o a n i s o l e  ( 1 1 8 ) :

A n i s o l e  118 ( l . I 6 9 m g ,  7mmol) was added t o  a n i t r a t i n g  m i x t u r e

p r e p a r e d  from n i t r i c  a c i d  ( 2 .2 0 5 g ,  35mmol), a c e t i c  a n h y d r i d e  (7g,

70mmol) and t r i f l u r o a c e t i c  a n h y d r i d e  ( 2 . 9 4 g ,  14mmol), a t  - 40°C .  The

r e s u l t i n g  s l u r r y  was s t i r r e d  f o r  30min a t  -40°C and th e n  poured  i n t o

e t h e r  a t  -78°C.  The H-NMR spec t rum  erf t h e  red  s o l i d  r e s i d u e  ( 1 . 3 8 g )

a f t e r  NĤ OH work up i n d i c a t e d  t h e  p r e s e n c e  of  29% 4 - m e t h y l - 2 , 5 - d i n i t r o

a n i s o l e  (158)  and 71% of  4 - m e t h y l - 2 , 3 - d i n i t r o ^ a n i s o l e  ( 1 5 7 ) .

C r y s t a l l i z a t i o n  of  t h e  r e s i d u e  from e t h e r - p e t r o l e u m  e t h e r  m ix t u r e  gave

a n i s o l e  157 (300m g) , which was p u r i f i e d  by r e c r y s t a l l i z a t i o n .  I t  had 
1 4 9  1

mp: 132°C (lit 132-133°C); H-NMR (250MHz, CDCl3 ) : 5  7.17 ( IH ,  d,
13

J=8 .80Hz ,  6 -H ) ,  7 .4 3  ( IH ,  d , J= 8 .80H z ,  5-H)ppm; C-NMR (62.9MHz,

CDCl]): 6-17.2 (CH3), 57.1 (OCH3), 115.9 (C-6), 122.6 (C-4), 134.5 (C-5
and C - 2 ) ,  143.3 ( C - 3 ) ,  150 .0  (C-l)ppm. ^

The r e m a i n i n g  r e s i d u e  was s e p a r a t e d  by ch rom a tog raphy  on a

s i l i c a  g e l  co lumn.  A n i s o l e  157 was e l u t e d  w i t h  10% e t h e r  -  90%

p e t ro l eu m  e t h e r  m i x t u r e s ,  and t h e  a n i s o l e  158 e l u t e d  w i th  60% e t h e r  -

40% p e t r o l e u m  e t h e r  m i x t u r e s .  A f t e r  c r y s t a l l i z a t i o n  pure- a n i s o l e  158
1 4 9  1

was o b t a i n e d  as  p a l e  y e l l o w  f l a k e s ,  mp: 122°C ( l i t  123-124 C); H-NMR 

(250MHz, CDCI3 ) ;  Ô 2 .5 8  (3H, s ,  CH3 ) ,  4 .03  (3H, s ,  OCH3 ) ,  7 .6 8  (IH ,  s .



230.
f-  13

6 -H ) ,  7 .79  (LH, s ,  3-H)ppm; C-NMR (62.9MHz,  CDCI3 ) :  g .  19 .4  (CH3 ) ,

5 7 .3  (OCH3 ) ,  l l o ' . 2  ( C - 6 ) ,  125 .8  ( C - 4 ) ,  129 .3  ( C - 3 ) ,  141.7 ( C - 2 ) ,  151 .2

( C - 1 ) ,  161 .3  (C-5)ppm-. '

O t h e r  a t t e m p t s  were made t o  o b t a i n  d i e n e  i n t e r m e d i a t e s  f rom

r e a c t i o n  o f  40,  w i th  l i t t l e  s u c c e s s ,  i When a m i x t u r e  o f  CDCl3  and a c e t i c

a n h y d r i d e  was used  as  a s o l v e n t ,  s o l i d  p r o d u c t s  s e p a r a t e d  o u t  f rom th e

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

-78®C a f t e r  p o u r in g  i n t o  c o ld  50% e t h e r - p e t r o l e u n <  e t h e r  m i x t u r e .  The

H-NMR spec t rum  o f  t h e  r e s i d u e  i n d i c a t e d  t h e  p r e s e n c e  o f  a r o m a t i c
1

p r o d u c t s  and no d i e n e s .  p i e  H-NMR s p e c t r u m  of  t h e  r e s i d u e ,  o b t a i n e d

a f t e r  removing the.  s o l v e n t  f rom t h e  f i l t r a t e  a t  -40°C,  i n d i c a t e d  t h a t  i t

was a m i x t u r e  o f  a n i s o l e  157 and 158 t o g e t h e r  w i t h  ~10% 3-m ethoxy—

- 6 - m e t h y l - 5 , 6 - d i n i t r o c y c  l o h e x a - 2 , 4 - ( f i e n y l  a c e t a t e  159 [ H-NMR (90MHz,

AC2 O, lock  2 . 1 5 ,  - 4 5 ° C ) :  6  5 .32  (IH ,  dd ,  2 -H) ,  5 .58  (IH, d, 1 -H) ,  7 .13

(IH,  d, 4 -H ) ,  2 “ 6 Hz , J  2  i|“ t*5Hz] and some 4 - m e t h y l - 3 , 4 -
’  ’  1

- d i n i t r o c y c l o h e x a - 2 , 5 - d i e n o n e  (160)  [ H-NMR (90MHz , kc^O,  l o c k  2 . 1 5 ,

- 4 5 ° C ) :  6  6 . 5 0  ( IH ,  dd,  6 - H ) ,  7 .07  (IH ,  d,  5 -H ) ,  7 .42  ( IH ,  d , 2-H)ppm,

J 2  0 ^^Hz, J 3  g=10Hz]«
\

The pe a ks  c o r r e s p o n d i n g  to  t h e  d i e n e  159 and d i e n o n e  160 

d i s a p p e a r e d  on r a i s t i n g  t h e  t e m p e r a t u r e  o f  t h e  p robe  to  -3 0 °C .  A t tem p ts  

t o  i s o l a t e  t h e  d i e n e s  a f t e r  low t e m p e r a t u r e  work up of t h e  f i l t r a t e  w i th  

NH^QH'also f a i l e d * i n  r e p e a t e d  e x p é r i m e n t s .

7 . 5  Large  S c a l e  I s o m e r i z a t i o n  o f  D ienes  l e a d i n g  to  C h a r a c t e r i z a t i o n  of
&

New D ie n e s :

( a )  ( Z ) - 3 - c h l o r o - 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  ( 1 0 0 ) :
3

A s o l u t i o n  o f  d i e n e  100 ( lO g ,  43mmol) i n  CgHg (25cm ) was
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h e a t e d  i n  a w a t e r  b a t h  thermosta t^ed  a t  76*C f o r  2h.  Removal o f  CgHg o n '

t h e  r o t o v a p o r  a t  25” C y i e l d e d ^ a  r e d d i s h  brown o i l .  The H-NMR spe c t rum

of  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  11% a c e t a t e  186,  75% o f  a
^  . 

m i x t u r e  of  ( E ) -  and ( Z ) - 5 - c h l o r o - 2 - 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  (18Q and 187 r e s p e c t i v e l y )  and

( E ) - 3 - c h l o r o - 6 - m e t h y l - 6 ^ i t r o c y c l o h ^ x a - 2 , 4 - d i e n y l  a c e t a t e  ( 1 9 8 ) ,  a lo n g  

w i t h  14% o f  u n r e a c t e d  d i e n e  100 .

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  from an  e t h e r - p e n t a n e  ( 1 : 1 )  

m i x t u r e  a t  -20°C f i r s t  y i e l d e d  d i e n e  188 ( 1 . 2 g ) .  F u r t h e r  

c r y s t a l l i z a t i o n  o f  t h e  m o the r  l i q u o r  f rom an e t h e r - p e n t a n e  ( 1 : 2 . 5 ) 

s o l u t i o n  y i e l d e d  a m i x t u r e s  o f  d i e n e s  188 and 187 ( 1 : 3 ,  2 . 4 g )  a s  second 

c r o p .  Three  more c r o p s  o f  d i e n e  188 ( l . l g )  were o b t a i n e d  from t h e
t

m othe r  l i q u o r  s o l u t i o n  i n  e t h e r - p e n t a n e  ( 1 : 4 ,  - 2 0 ° C ) .

R e c r y s t a l l i z a t i o n  o f  t h e  f i r s t  c r o p  ( I g )  from e t h e r - p e n t a n e

( 1 : 2 ,  -20°C)  gave pure  d i e n e 188 ( 0 . 9 1 g )  as  c o l o r l e s s  c r y s t a l s :  mp:

75-77°C;  IR (KBr) 1740 and 1220 (OCOCH3 ) ,  1550 and 1380 (NOg); uv
2 - 1 1

(Cq^OH) 283nm ( e - 2 1 9  m m o l  ) ;  H-NMR (250MHz, CDCl3) : 5  1 .8 5  (3H,

d ,  J=1 .45H z ,  CH3 ) ,  2 .1 5  (3H, s ,  OCOCH3 ) ,  5 .15  ( IH ,  d , J= 3 .3 1 H z ,  6 -H ) ,

5 .9 4  (IH ,  dq ,  J = 6 .4 3  and 1.45Hz ,  3 -H ) ,  5 .9 6  (IH ,  d ,  J = 3 .3 1 H z ,  H - 1 ) ,  6 .44
13

( IH ,  d, J=6 .43Hz ,  4-H)ppm. C-NMR (62.9MHz, CDCI3 , -20°C )6_  19 .9  .. 

(CH3 ) ,  20.7  (OCOCH3 ) ,  7 0 .7  ( C - 1 ) ,  8 8 . 8  ( C - 6 ) ,  120 .7  ( C - 5 ) ,  12 2 .0  ( C - 3 ) ,  

1 2 7 . 9 . ( C - 4 ) ,  131.9.. ( C - 2 ) ,  169 .8  ÿ C 0 CH3 )ppm; A n a l y s i s  C 46.80%, rf 

4 .26% , .  N 6.07% ( C a l c u l a t e d  f o r  CgHigNO^Cl, C 46.67%, H 4.35%, N 6 .05%).

P u r e  d i e n e  187 ( 1 . 4 g )  was o b t a i n e d  from r e c r y s t a l l i z a t i o n  of  

t h e  s e c o n d . c r o p  as  c o l o r l e s s  c r y s t a l s :  mp 78“ C; IR
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(KBr) 1745 and 1225 (OCOCH3), 1560 and 1360 (NOg); UV (CH3OH) V
281.4nm (e-240 m^gol"^); ^H-NMR (250MHz, CDCI3): Ô 1.84 (3H, br dd,
1=1.86 aridr-1.5H«, CH3), 2.19 (3H, s, OCOCH3), 5.26 (IH, d, J=8.74Hz,
6-H), 5.85 (IH, ddq, 1=6.22, 2.46, 1.86 Hz, 3-H), 5.91 (IH, ddq, 1=8.74,

'  132.46 and ~1.5Hz, 1-H), 6.46 (IH, d, l=6.22Hz, H-4)ppm; C-NMR (62:9MHz,
* , ^

CDCI3); gg 17.8 (6-CH3), 20.5 (OCOCH3),. 71.0 (C-l)‘, 86.5 (C-6), llft'O
(C-3), 122.1 (C-5), 129.9 (C-4), 134.8 (C-2), 169.8 (0C0CH3)ppm; j
Analysis C 46.51%, H 4.38%, N 6.09%-(calculated for CgH.^O^NCl C 46767%,
H 4.35%, N 6.05%). '

1 '  -  '  '  'The H-NMR of tne«reaction mixture after crystallization of
dienes 187 and 188 indicated diene 189 was enriched to about 10%. For
isolation of diene 189, the number of components in the mixture was
reduced by selectively aromatizing dienĝ s *,187 and 188. A solution of

3’the mixture (2.5g) in ether (100cm ) was stirred with 5% aqueous ammonia 
(10cm ) in an ice bath for‘15min. The ether layer was separated, washed 
with saturated brine (2x25c# ) and dried. Removal of the eAe^'on the 
rotovapor at 15°C yielded a reddish oil (2.25g). The -̂H-NMR of the oil 
indicated the presence of 10% diene 189, 30% diene 100 and 60% mixture 
of toluene 122 and acetate 186, along with traces of , '
dinitrochlorotoluene.

'  , »-
The mixture was separated by column, chromatography on silica 

gel (650g) at -40°C Using mixtures of ether-petroleum ether as eluent. 
Elution up to .3% ether gave toluène 122 as the principle product. The 
6% ether fractions (4L) gave mixtures, of toluene 122 and the acetate 
186. ■ •

The 10% ether-petroleum et^^r fractions gave mixtures 
containing diene 189 as the principle component (<95%)^ Attempts to 
crystallize did not succeed, so diene 189 was characterized
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m i x t u r e .  I t  hâd H-NMR (250MHz, CDCI3 , - 2 0 °C ) :Ô  1 .7 2  (3H, s ,  6 -CH3 ) ,

233.

2 .08  (3H, s ,  OCOCHoX, 5 .9 2  ( IH ,  dd, J = 3 .9 9  gnd 1.73Hz,  2-H ) ,  5 .9 6  ( IH ,

* d,  J=9 .93Hz ,  5 -H ) ,  6 .07  ( IH ,  dd, J = 9 .9 3  and 1.73Hz,  4 - H ) , 6 .2 6  ( IH ,  d ,
; . ' * *13 '

• J f c 3 . 9 9 H z ,  1 - H ) p p m ;  C-NMR ( 6 2 . 9 M H z /  C D C I 3 , - 2 0 * C ) ,  6 ^ :  1 9 . 5  (OCOCH3 ) ,

‘ 2 0 . 7  ( 5 - 0 8 3 ) ^  128 .4  and 128 .7  (C-4 and C - 5 ) ,  134 .1  ( C - 3 ) , 169 .5

(ÙC^OCHgJfpm;

(b) (Z)-3-bromo-6-roethyJL-6-nitrocyclohexa-2,4-dienyl  a ce ta te  ( 1 0 1 ) :
/  - 3

„ , A s o l u t i o n  o f  d i e n e  101 (10g ,  36mmol) i n  CgHg (20cm ) was
' * ' , ■ ■ ' 

h e a t e d  i n  a w a t e r  b a t h  t h e r m o s t a t t e d  a t  74®C f o r  I h .  Removal o f  CgHg on
. ’ . - 1 

t h e  r o t o v a p o r  a t  25°C y i e l d e d  a r e d d i s h  brown o i l .  The H-NMR spec t rum

oT the  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  o f  74% o f  à m i x t u r e  o f  ( E ) -  and

(ZJ - 5 - b r o m ô - 2 - 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  (191)  and
i *

(190)  r e s p e c t i v e l y  a n d • ( E ) - 3 - b r o m o - 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 . ( 1 9 2 )  w i t h  t r a c e s  of  t o l u e n e  124, a c e t a t e  193 and 26% of

u n r e a c t e d  d i e n e  1 0 1 .

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  from e t h e r - p e m t a n e  ( 1 : 1 ,  -20  C)

gave d i e n e  190 ( 2 . 5 6 g )  i n  t h e  f i r s t  two c r o p s .  The t h i r d  c r o p  ( 0 . 9 6 g )

from t h e  m o the 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  d i e n e s  191 and 190 ( 1 : 1 ) .

F u r t h e r  c r y s t a l l i z a t i o n  from e t h e r - p e n t a n e  ( 1 : 2 )  s o l u t i o n  y i e l d e d  a

m i x t u r e  of  d i e n e  191 (95%) and diene.190 a s  t h e  f o u r t h  c r o p  (700mg).

F i n a l l y  from a ( 1 : 3 )  m i x t u r e  o f  e t h e r - p e t r o l e u m  e t h e r '  ( 3 0 : 6 0 ) ,  d i e n e

190 was o b t a i n e d  a s  t h e  f i f t h  c ro p  (600mg).

R e c r y s t a l l i z a t i o n  of  t h e  f i r s t  c r o p  (300mg) f rom

e t h e r - p e t r o l e u m  e t h e r  ( 1 : 1 )  gave  pu re  d i e n e  190 (240mg) a s  p a l e  y e l l o w

c r y s t a l s :  mp 93-5°C;  IR:  (KB&) 1735 and 1230 (OCOCH3 ) ,  1560 and 1370
2 - 1 1

(NOg); UV (C H g C lg ) : ^  2SQ. nm ( e = 7 2 t m m o l  );  H-NMR (250MHz,mpx , . • ■
'•GDCI3 ) ,  6 : 1 .82  (3H, b r  dd ,  J - 1 . 6 3  and I'.OOHz, CH^), 2:17  (3H, s ,  

OCOCH3 T, 5 .3 5  ( IH ,  d ,  J= 8 .7H z ,  6 -,H)* 5 .79  ( IH ,  dd ,  q ,  J = 6 . 2 5 ,  2 .6 5  and 

l ?63H z , 3-H)I  5 .91  ( IH ,  ddq ,  J = 8 . 7 ,  2 .6 5  and l .OOHz, 1 -H),  6 .6 9  (IH ,  d .
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13 'J=6.25Hz, 4-H)ppm; C-NMR (62.9MHz, CDCI3) 6 : 18.0 (CH3), 20.5

(OCOCH3), 70.9 (C-i), 87.5 (C-6), 109.5 (C-5),'U9.5 (C-3), 134.1 CC-4),
♦ *  ^

135.1 (C-2), 169.8 (0C0CH3)ppm; Analysis C 39.08%, H 3.67%, N 5.07%
(Calculated for CgHigNO^Br, C 39.15%,- H 3.65%, -N 5.07%).

% *
Recrystallization of the fourth crop (5dOmg) from '

ether-petroleum ether mixture (1:1) at -20°C gave pure diene 191 as pale
I

yellow crystals (420mg) mp: 63-64°C; IR^(KBr) 1745 and .1210 (OCOCH3),
2 - 1  I1558 and 1360 (NOg); UV (CH2Cl2):2gQ nm (e=820 m mol- ); H-NMR" 

(250MHz, CDCI3): 6 1.83 (3H, d, J=1.04Hz,' CH3), 2.15 (3H, s, OCOCH3), 
5.24 (IH, d, J=3.47Hz, 6-H), 5.86 (IH, dq, J=6.32 and 1.04Hz, 3-̂ H), 5.93

r 13(IH, d, J=3.47Hz, 1-H), 6.66 (IH, d, J=6.32Hz, 4-H)ppm; C-NMR 
(62.9MHz, CDCI3) : 6g 19.9 (CH3), 20.7 (OCOCH3), 70.8 (C-1), 90.1 
(C-6), 109.1 (C-5), 122.4 (C-3), 132.2 (C-4) , 132.5 (C-2), 169.8 
(0C0CH3)ppm; Analysis C 39.3%, H 3.54%, N 5.18% (Calculated for
CgHigNO^Br, C 39.15%, H 3.65%, N 5.07%).

1 - The H-NMR spectrum of the mother liquor at this stage
indicated the -presence of 37% dienes 190 and 191, 3^% diene 101, 5%
diene 192 and 21% acetate 193 and toluene 124. In order to isolate
diene 192, dienes 190 and 191 were selectively aromatized. A solution

3of the reaction mixture (2g) in ether (10cm ) was stirred in an ice bath
3with ammonium hydroxide (5cm , 58%) for 15min. The mixture was diluted 

3 3with ether (80cm ), washed with cold brine (4x20cm ) and dried over
1anhydrous magnesium sulfate. H-NMR of the residual oil, obtained after 

removal of solvent at 15°C, indicated the presence of 37% toluene 124, 
21% acetate 193, 37% diene 101 and 5% diene 192.

The mixture (1.3g) waa separated by^column chromatography on
’
silica gel (180g) using a mixture of ether-petroleum ether (30:60) as 
eluent at -40°C. Initial fractions with 3% ether gave toluene 124.
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M ix tu r e s  o f  a c e t a t e  193,  t o l u e n e  124 -and d i e n e  101 were e l u t e d  n e x t  w i t h

6 % e t h e r .
'  '  ,  y  -  '

• : F u r t h e r  e l u t i o n  w i t h  10% etfher gave  m i x t u r e s  c o n t a i n i n g  d i e n e  ^

192 (95%) and t o l u e n e  124 (5%)*^ Diene  192 c o u ld  not  be, c r y s t a l l i z e d

from m i x t u r e s  o f  e t h e r - p e t r o l e u m  e t h e r  s o l u t i o n s ,  and was c h a r a c t e r i z e d
1 '  " in s o l u t i o n .  H-NMR (250MHz, CDCI3 ) :  6 1.74 (3H, s, CH3 ) ,  2.13 (3H,  s,

13
OCOCH3 ) ,  5.94 ( IH,  m, 2-H),  6 .2 3  (3H, m, 1-H, 4-H and 5-H )ppm; .C-NMR 
(62.9MHz, Cbci3 , - 1 5 ° C ) :  6  19 :2  (CH3 - 6 ) ,  19 .6  (OCOCH3 ) ,  70 .8  ( C - 1 ) ,

8 7 .0  (C-6),.117.1 ( C - 3 ) ,  126 .5  ( C - 2 ) ,  127.2 ( C - 4 ) ,  lZ'9' .l  (C-5), 169.5 
(OCOCH3 ) .

( c )  ( Z ) - 3 - m e t h o x y - 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  ( 1 0 2 ) :
3

A s o l u t i o n  of  d i e n e  102 (5g ,  22mmol) in  C^Hg (50cm ) was

h e a t e d  f o r  4h i n  a w a t e r  b a t h  t h e r m o s t a t t e d  a t  - 78°C .  Removal of
I .

s o l v e n t  on t h e  r o t o v a p o r  y i e l d e d  a d a r k  r ed  o i l .  The- H-NMR o f  t h i s  o i l  

i n d i c a t e d  t h e  p r e s e n c e  o f  48% o f  ( E ) -  ( Z ) - 5 - m e t h o x y - 2 - 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  (195)  and (194)  ■ . -

( E ) - 3 - m e t h o x y - 6 - m e t h y l - C -  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  ( 1 9 6 ) ,  15% 

o f  5 - m e t h o x y - o - c r e s y l  a c e t a t e  (197)  and 37% u n r e a c t e d  d i e n e  102.  .(

C r y s t a l l i z a t i o n  from e t h e r - p e t r o l e u m  e t h e r  m i x t u r e  ( 1 : 1 )  a t  

-20°C gave  a s i n g l e  c ro p  of  d i e n e  102 ( 0 . 4 5 g ) .

The r e a c t i o n  m i x t u r e  ( 3 . 5g) was s e p a r a t e d  by column 

ch ro m a to g ra p h y  on s i l i c a  g e l  (325g)  u s i n g  m i x t u r e s  o f  p e t r o l e u m  e t h e r  

( 3 0 :6 0 )  and e t h e r  as  e l u e n t  a t  -40°G .

The 6 % e t h e r  f r a c t i o n s  c o n t a i n e d  p r e d o m i n a n t ly  

168. The f i r s t  f r a c t i o n  w i t h  12% e t h e r  c o n t a i n e d  a c e t a t e  197 as  a r ed  

o i l :  IR ( n e a t ) :  1755 (OCOCH3 ) ,  1210 and 1030 (Ar-OMe); ^H-NMR (250MHz, 

CDCI3 ) :  6  2 .0 9  (3H, s ,  OCOCH3 ) ,  2 . 3 0  (3H, s ,  CH3), 3 .7 6  (3H, s ,  OCH3 ) ,  ■
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6 .5 8  (1-H, d ,  J=2 .60Hz,  6 -H ) ,  6 .71  (IH ,  dd ,  J= 8 .4 0  and 2 .60Hz ,  4 - H ) ,  7 .1 1
13

( IH ,  d, J= 8 .40H z ,  3-H)ppm; C-NMR (62.9MHz, CDCI3 ) :  6 ^ 1 5 .3  (CHg),

2 0 .8  (OCOGH3 ) ,  55.5 (OCH3 ) ,  107 .9  ( C - 6 ) ,  111.9 ( C - 4 ) ,  121 .9  (C-2), 131.3

( C - 3 ) ,  149 .9  ( C - 1 ) ,  158.7 ( C - 5 ) ,  16 9 .0  (OCOCH3 );  MS (7 0 ev )  1 8 0 ( 1 3 ) ,

1 3 8 ( 1 0 0 ) ,  1 3 7 ( 3 9 ) ,  1 0 9 ( 1 8 ) ,  1 0 7 ( 2 5 ) ,  7 9 ( 2 5 ) ,  78(28), 7 7 ( 5 7 ) ;  A n a l y s i s  C,

64.06%, H 6.56%; ( c a l c u l a t e d  f o r  C j q H j 2 0 3 > C 64.05%, H '6 .7 0 % ) .

The s u b s e q u e n t  f r a c t i o n  c o n t a i n e d  a m i x t u r e  (400mg) of  30%

a c e t a t e  197,  50% d i e n e  194 and 20% u n r e a c t e d  d i e n e  102. The m i x t u r e

c o u l d  n o t  be f u r t h e r  s e p a r a t e d  by ch rom a tography  over  s i l i c a  g e l  u s i n g

8 % e t h e r - p e t r o l e u m  e t h e r  m i x t u r e  a s  e l u e n t  a t  -40°C.  Diene 194 was
1

c h a r a c t e r i z e d  i n  s o l u t i o n  by NMR: H-NMR>(250MHz, CDCI3 ) 5: 1 .7 8  (3H, br

d ,  J=1 .7 0Hz ,  CH3 ) ,  2 .17  (3H, s ,  OCOCH3), 3 ,64  (3H, s ,  OCH3 ) ,  5 .14  (IH ,  

d,  J= 8 .50H z ,  4 -H) ,  5 .36  ( IH ,  d ,  J= 6 .80H z ,  6 -H ) ,  5 .82  (2H, m, 1-H and

3-H)ppm. The c he m ic a l  s h i f t s  o f  H-1 and H-3 were o b t a i n e d  a f t e r  

i r r a d i a t i o n  o f  t h e  s i g n a l  a t  1.78ppm which l e d  t o  t h e  c o l l a p s e  of  t h e  

m u l t i p l e t  a t  5 .28  t o  a s e t  of  o v e r l a p p i n g  d o u b l e t s  5 .83  ( IH ,  1-H) and 

5 .8 1 ’ ( I H , , 3 - H ) ;  ^^C-NMR (62.9MHz, CDCI3 ) :  6̂  16.4 (CH3, OCOCH3 ) ,  54.63  

(OMe), 70 .2  (C-1), 8 3 .4  ( C - 6 ) ,  99 .1  (C-4) ' ,  117 .8  ( C - 3 ) ,  125 .6  (C-2),'
148 .3  ( C - 5 ) ,  169 .1  (OCOCHg)ppm.

F u r t h e r  e l u t i o n  w i t h  12% e t h e r - p e t r o l e u m  e t h e r  m i x t u r e  gave  a 

m i x t u r e  of  50% d i e n e  195,  20% k q ^ ^ l  225 ,  20% a n i s o l e  116 and 10% 

u n r e a c t e d  d i e n e  103.

The 35% e t h e r  f r a c t i o n  c o n t a i n e d  95% d i e n e  195 which was 

c h a r a c t e r i z e d  w i t h o u t  f u f ( h e 3  p u r i f i c a t i o n .  H-NMR (250MHz, CDCl3 ) : 6

1 .79  (3H, b r  d, J=1 .05Hz ,  CH3), 2 . 1 2  (3H, s ,  OCOCH3 ) ,  3 .67  (3H, s ,

OCH3 ) ,  5 .09  (IH ,  d, J=4 .32Hz ,  6 - H ) ,  5 .29  (IH ,  d , J=6 .57Hz ,  4 -H ) ,  5 .89  

( IH ,  dq, J-6.57 and 1.05Hz, 3 - H ) ,  5 .94  (IV, d,  J= 4 .32H z ,  1-H)ppm.
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f t r a d i a c i o n  of t h e  s i g n a l  a t  I .79ppm reduced  t h e  s i g n a l  a t  5 .89  to  a
13

d o u b l e t  ( J = 6 .5 2 H z ) .  C-NMR (62.9MHz, CDCI3 ) :  6 g 19 .31  (CH3 ) ,  20 .53  

(OCOCH3 ) ,  55.7 (OCH3 ) ,  71 .9 6  ( C - 1 ) ,  87.1  ( C - 6 )., 97 .9  ( C - 4 ) ,  122 .1  ( C - 3 ) ,
V  , •  A

• 124 .8  ( C - 2 ) ,  147 .9  (C-5), 169 .9  (0C0CH3)ppm.
The 100% e t h e r  f r a c t i o n  gave a m i x t u r e  (90mg) of  *20% c r e s o l  

168 and 80% d i e n é  196 which  was c h a r a c t e r i z e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .  ^H-NMR (250MHz, CDCI3 , - 1 5 ° C ) : 6  1.72 (3H, s ,  CH3 ) ,  2 .15

(3H, s ,  OCOCH3 ) ,  3 .61  (3H, s ,  OCH3 ) ,  4 .79  (IH ,  d, J=5.65H%, 2 - H ) ,  5 .17

(IH, d, J=5 .65Hz,  1 -H ) ,  5 .5 7  ( IH ,  d ,  J=10 .1Hz ,  4 -H ) ,  6 .1 2  ( IH ,  d,
13 .

J=10 .1Hz ,  5-H)ppm; C-NMR (62.9MHz, CDCI3 ) :  ( C - 1 ) ,  8 7 . 3  ( C - 6 ) ,

99.1 ( C -2 ) ,  119.0 ( C - 4 ) ,  124 .3  ( C - 5 ) ,  1 5 6 . 4 » (C -3 ) ,  169 .7  (0C0CH3)ppm.

(d)  ( Z ) - 3 - A c e t a m i d o - 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  ( 1 0 3 ) :

A s o l u t i o n  o f  d i e n e  103 in  CDCI3 was h e a t e d  f o r  30min i n  t h e
1 " T

NMR probe  ( P e r k i n  Elmer R-32)  a t  35 C. The H-NMR s p e c t r u m  o f  t h e

m ix tu re  i n d i c a t e d  th e  c o m p o s i t i o n  as  11% of  4 - m e t h y l a c e t a n i l i d e  (113)

2 2 % of 4 - m e t h y l - 2 - n i t r o a c e t a n i l i d e {123, 23%

( Z ) “ 5 - a c e t a m i d o - 2 - 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  (198)  a lo n g

w i t h  44% u n r e a c t e d  d i e n e  103.  Diene  198 was c h a r a c t e r i z e d  i n  s o l u t i o n .
1 ,
H-NMR (250MHz, CDCI3 ) :  6  1 .8 6  (3H, d,  J= 1 .57H z ,  CH3 ) ,  2 .0 8  and 2 .09  

(3H, s ,  NHCOCH3- a n d  OCOCH3 ) ,  5 .51  (IH ,  dd, J = 2 .0 5  and 1 .04H z ,  6 - H ) ,  5 .91 

(IH, dd', J=2 .05Hz ,  l -H f^  6 .1 3  ( IH ,  dq,  J = 6 .73  and 1 .5 7Hz ,  3 -H ) ,  6 .49  

(IH,  dd, J=6 .73  and l ‘.D4Hz, 4 - H ) .
t

On h e a t i n g  t h e  r e a c t i o n  m ix t u r e  f o r  a f u r t h e r  lOmin a t  60°C,

t h e  d i e n e s  198 and 103 p a r t i a l l y  decomposed.  A f t e r  Ih  a t  60°C,  t h e  
1
H-NMR spgctrum  b f  t h e  m i x t u r e  c o n t a i n e d  32% a c e t a n i l i d e  113,  35%

n i t r o a c e t a n i l i d e  1"25 and 1 2 % 4—m e t h y l - 2 , 6 - d i n i t r o a c e t a n i l i d e  199.  
s '



2 3 8 .
1
H-NMR (250MHz, CDCI3 ) :  6  2 .3 6  (3H, s,.NHCOCH3), 2 .3 8  (3H, s ,  OCOCH3 ) ,

8 ,07  (2H, ; s ,  3-H and 5-H);  GCMS c o n f i rm e d  Che p r e s e n c e  o f  t h e s e  *

^compounds, 113 (m/e 1 4 9 ) ,  125 (m/e 194) and 199 (m/e 2 3 9 ) .

( e )  ( Z ) - 3 - B r o m o - 6 - m e t h y l - 6 - n i t r o ç y c l o h e x a - 2 , 4 - d i e n y l  c h l o r i d e  ( 2 0 0 ) :

A s o l u t i o n  o f  d i e n e  200 (195mg, 0 .77  mmol) in  CgDg was h e a t e d  
'  * i  i 1 1  ,  :

f o r  2h i n  a w a t e r  b a t h  t h e r m o s t a t t e d  a t  75°C.  The H-NMR spe c t rum  of

t h e  m ix tu re  i n d i c a t e d  t h e  p r e s e n c e  of  50%

( E ) - 5 - b r o m o - 2 - 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  c h l o r i d e  (206) and 50% 

of  a  m ix t u r e  of  a r o m a t i c  compounds i n c l u d i n g  4 - b ro m o to l u e n e  (110)  and

4 - b r o m o - 2 - c h l o r o t o l u e n e  (207"). A t t em p ts  to  c r y s t a l l i z e  d i e n e  206 from 

m ix t u re s  of é t h e r  and p e n ta n e  a f t e r  removal  of  CgDg f a i l e d .  F i l t r a t i o n  

o f  a r e p r e s e n t a t i v e  sample  t h ro u g h  s i l i c a  g e l  a t  -20°C w i t h  e t h e r  l e d  t o  

d e c o m p o s i t i o n  o f  a m ajo r  p o r t i o n  o f  t h e  d i e n e  * 7b t o  t o l u e n e  124.

However a r o m a t i c  compounds c o u ld  be p a r t i a l l y  removed from t h e  m i x t u r e  

on th e  vacuum pump a t  ambien t  t e m p e r a t u r e  and d i e n e  206 was
1

c h a r a c t e r i z e d  i n  t h e  m i x t u r e  c o n t a i n i n g  ~80% -d iene .  Tt had H-NMR

(250MHz, CDCI3 ) 6 : 1 .96  (3H, d , J=1 .20Hz,  CH3 ) ,  4 .9 6  (IH ,  d ,  J=1 .79Hz ,

1 -H) ,  5 .28  ( IH ,  d,  J= 1 .79H z ,  6 - H ) ,  5 .88  (IH ,  dq ,  1=1 .20  and b .3 8H z ,

3 -H ) ,  6 .81  (IH ,  d ,  J= 6 .38H z ,  4-H)ppm. I r r a d i a t i o n  of  t h e  s i g n a l  a t
1 3

1 . 96ppm reduced  t h e  s i g n a l  a t  5 . 8 8 ppm to  a d o u b l e t  ( J= 6 .3 8 H z) ;  C-NMR 

(62.9MHz, CDCI3 ) 6g: 20.1 (CH3), 56.7 (C-1), 91 .1  (C-6),109.1 ( C - 5 ) ,  

A 22 .2  ( C - 3 ) ,  127.3 ( C - 2 ) ,  132 .7  (C-4)ppm.-
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( f )  ( Z ) - 3 - c h l o r o - 6 - m e t h y l - 6 - n l t r o c y c l o h e x a - 2 , 4 - d l e n y l  c h l o r i d e  ( 2 0 1 ) :

A s o l u t i o n  of  d i e n e  201 (300mg, 1 .2  mmol) i n  CgDg was h e a t e d

f o r  2h i n  a w a t e r  b a t h  t h e r m o s t a t t e d  a t  75°C,  t o  y i e l d  a m i x t u r e  of  52%

( E ) - 5 - c h l o r o - 2 - 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  c h l o r i d e  (208)  a l o n g  j

w i t h  9% u n r e a c t e d  d i e n e  lOi and ^9% of a m i x t u r e  of  2 , 4 - d i c h l o r o t o l u e n e

(209)  and 4 - c h l o r o t o l u e n e  ( 1 1 1 ) .  On k e e p in g  t h e  r e a c t i o n  m ix t u r e  on t h e

vacuum pump f o r  1 2 h,  t h e  a r o m a t i c  compounds were p a r t i a l l y  removed and
i

jdiene 208,  e n r i c h e d  t o  -90%, was c h a r a c t e r i z e d  i n  s o l u t i o n .  H-NMR

(250MHz, CDCl3):5 1.95 (3H, d, J-1.47Hz, CH^), 4.96 (IH, d, J=1.84Hz, 
1-H), 5.14 (IH, d, J=1.84Hz, 6-H), 5.91 (IH, dq, J=6.30 and 1.47Hz,
3-H) ,  6 .4 0  (IH ,  d ,  J=6 .30Hz ,  4-H)ppm. On i r r a d i a t i n g  the  d o u b l e t  a t

1 . 9 5 p p m , t h e  s i g n a l  a t  5.91ppm c o l l a p s e d  to  a d o u b l e t  ( J=6 .3H z) ;
13 C-NMR (62.9MHz, CDCI3): 6 19.9 (CH3), 56.3 (C-1), 89.1 (C-6), 120.8
(C-5), 121.5f(C-3), 128.4 (C-4), 133.9 (C-2)ppm.
( g )  ( Z ) - 3 - b r o m o - 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  m e thy l  e t h e r  

(2 0 3 ) :
3

A s o l u t i o n  o f  d i e n e  203 (60mg, 0 .24  mmol) i n  CDCI3 (1cm ) was
- I

k e p t  a t  am b ien t  t e m p e r a t u r e , '  A f t e r  IBh, t h e  H-NMR spec t rum i n d i c a t e d  

• the p r e s e n c e  of 44% ( E ) - 5 - b r o m o - 2 - r a 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  

m ethy l  e t h e r  (211) and 56.5% u n r e a c t e d  d i e n e  203.  There  was no change  

in  t h e  c o m p o s i t i o n  on f u r t h e r  h e a t i n g  of  t h e  m i x t u r e  f o r  2 h i n  a w a te r  

b a t h  t h e r m o s t a t e d  t o  40°C.  A f t e r  7h a t  55°C t h e  c o m p o s i t i o n  was 55% of  

d i e n e  2 1 i and  45% o f  a m i x t u r e  o f  t o l u e n e  124 and 5 - b ro m o -o - c re s o x y  

m ethy l  e t h e r  214 .  Diene 210 cou ld  no t  be s e p a r a t e d  by c r y s t a l l i z a t i o n



240.
1

and was characterized in solution. H-NMR {250MHz, CDClg):^ 1.90 (3H,

d, J=1.00Hz, CH3 ), 3.48 (3H, s, OCH3 ), 4.16 (IH, d, J=2.4Hz, 1-H), 5.24

(IH, d, J=2.40Hz, 6-H), 5.75 (IH, dq, J=6.20.and l.OOHz, 3-H), 6.58 (IH,
d, J=6 .20Hz,  4-H)ppm. On i r r a d i a t i n g  t h e  c e p t r e  of  t h e  d o u b l e t  a t  

-
1.90ppm, t h e n  s i g n a l , a t  5 . 7 5 p p m 'c o l l a p s e d  to  a d o u b l e t  ( J= 6 .2 0 H z ) ;
13 ' '  '
C-NMR (62.9MHz, CDCI3): 6 19.2 (CH3), 55.7 (OCH3), 79.9 <C-1), 89.8 '

(C-6), 112.6 (C-5), 120.3 (C-3), 131.9 (C-4), 137.7 (C-2)ppm.
(h )  ( Z ) - 3 - c h l o r o - 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  m e th y l  e t h e r  

( 2 0 2 ):

A s o l u t i o n  o f  d i e n e  202 (20mg, 0 .0 8  mmol) i n  CDCl3 (0 .5cm  )
1

was h e a t e d  f o r  4h i n  a w a t e r  b a t h  t h e r m o s t a t t e d  a t  50°C. The H-NMR of 

t h e  m ix t u r e  i n d i c a t e d  p r e s e n c e  o f  61%

( E ) - 5 - c h l o r o - 2 - 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  m ethy l  e t h e r  ( 2 l 0 ) ,

a long  w i t h  40% u n r e a c t e d  d i e n e  202 and t r a c e s  of  a r o m a t i c s .
1 .

Diene 210 was c h a r a c t e r i z e d  in  A b l u t i o n .  H-NMR (90MHz, 

CDCl3):6 1.9 (3H, d, J=1.75Hz, CH3), 3.A3 (3H, s, OCH3), 4.23 (IH, d, 
J=2.50Hz, 1-H), 5.19 (IH, d, J=2.50Hz, 6-H), 5.87 (IH, dq, J-6.00 and 
1.70Hz, 3-H), 6i48 (IH, d, J=6.00Hz, 4-H).
( i )  ( Z ) - 3 - B r o m o - 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 l  ( 2 0 5 ) :

A s o l u t i o n  o f  d i e n e  205 (75%) and c r e s o l  215 (25%) in  CDCl3 

was k e p t  a t  ambien t  t e m p e r a t u r e  and t h e  H-NMR was r e c o r d e d  a t  r e g u l a r  

i n t e r v a l s .  A f t e r  1 8 . 5h t h e r e  was a m i x t u r e  o f  35% d i e n e  205 and 40% 

( Z ) - 5 - b r o m o - 2 - 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 l  (214)  a lo n g  w i t h  25% 

c r e s o l  215 .  At t h i s  s t a g e  t h e  d i e n e  214 was c h a r a c t e r i z e d  by H-NMR 

(250MHz, CDClg):^ 1.91 (3H, dd ,  J=1 .77  and 1 .5 0H z ,  CH3 ) ,  3 . 0  ( IH ,  b r  m, ' 

OH), 4.90 (IH, m, 1-H), 5.10 (IH, d, J-7.40Hz, 6-H), 5.68'(IH, ddq, 
J = 6 .1 0 ,  2 .5 8  and 1.50Hz,  3-H) , '  6 . 6 0  (IH ,  d ,  J=6 .10H z ,  4-H)ppm« On 

i r r a d i a t i o n  o f  t h e  s i g n a l  a t  1 .91ppm, t h e  s i g n a l  a t  5.68ppm r ed u c e d  t o

■ J  '  ■■ '



,  - ' r  - 241,

dd ( J = 6 . 1 0  and 2 .58H z) .  - On i r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  4 .90ppm, 

t h e  s i g n a l  a t  5 . lOppm r ed u c e d  t o  a s i n g l e t ,  t h e  m u l t i p l e t  ,at  5.68ppm 

c o l l a p s e d  t o  a dq ( J = 6 .1 0  and 1.50Hz)  and t h e  dd a t  1.9ppm c o l l a p s e d  t o  

a d ( J = 1 .7 7 H z ) .

The r e a c t i o n  m ix t u r e  was k e p t  a t  ambient  t e m p e r a t ù r e  a n d '
1

H-NMR s p e c t r u m  r e c o r d e d  o v e r  a p e r i o d  o f  7 days  i n d i c a t e d  no change  in

t h e  r a t i o  o f  d i e n e s ,  bu t  a r o m a t i z a t i o n  t o  t o l u e n e  124 and c r e s o l  215 had

i n c r e a s e d .

( j )  ( 2 ) - 3 - C h l o r o - 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 l  ( 2 0 4 ) :

A s o l u t i o n  o f  d i e n e  204 (20mg, 0 . 0 9  mmol) i n  CDClg (0 .5cm )

was k e p t  i n  t h e  p robe  o f  t h e  NMR ( B ru k e r  WM-25Q) i n s t r u m e n t  a t ^ 5 " C  and

t h e  s p e c t r u m  was r e c o r d e d  a t  r e g u l a r  i n t e r v a l s .  A f t e r  21h t h e r e  was 

45 % ( Z ) - 5 - c f v I o r o - 2 - 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 l  (212)  a l o n g  w i th

55% U n r e a c t e d  d i e n e  204 and t r a c e s  of  c r e s o l  213.  Diene 212 Whs
1

c h a r a c t e r i z e d  i n  s o l u t i o n :  H-NMR (250MHz, CDCl3 ) ; 6  1 .8 7  (3H, b r  dd,

CHj)-, 2 . 8 0  (IH ,  b r  s ,  OH), 4^84 (IH ,  m, Ht I ) ,  4 .95  ( IH ,  d , J= 7 .40H z ,

H- 6 ) , 5 .61  (IH,  ddq ,  J = 6 . 2 0 ,  2 . 5 0  and 1.64Hz,  H - 3 ) , 6 .31  (IH,  d, 

J= 6 .20H z ,  H-4)ppm. I r r a d i a t i o n  of t h e  s i g n a l  a t  1 . 8 7 ppm led  to  t h e  

c o l l a p s e  o f  t h e  m u l t i p l e t  a t  5 .6 lppm to  a dd ( J= 6 .2 6  and 2 .5 0 H z ) .

S i m i l a r  i r r a d i a t i o n  of  t h e  s i g n a l  a t  4.84ppm led  to  t h e  c o l l a p s e  of  'm' 

a t  5.61ppm to  a dq ( J = 6 ^ 6  and 1.64Hz) and r ed u c e d  dd a t  1.87ppm t o  a d 

• ( J = 1 . 6 4 " *
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7 .6  K i n e t i c  S t u d i e s  on t h e  Thermal  R e a c t i o n s  of  D ie n e s :
3

S o l u t i o n s  o f  t h e  d i e n e s  i n  CDCI3 (0 .5cm ) were h e a t e d  i n  a

w a t e r  b a t h ,  t h e r m o s t a t t e d  a t  5 8 .5 °C .  .The . r e a c t i o n s  were m o n i to re d  by 
1

FT- H-NMR s p e c t r o s c o p y  on WM-250 (250MHz). '  The c o m p o s i t i o n s  of  t h e

m i x t u r e s  were o b t a i n e d  by i n t e g r a t i o n  o f  t h e  d i e n e  r e g i o n  (S . lppm  to

5.5ppm and 5 . 7 ppm t o  <C7.0ppm) and t h e  m ethy l  r e g i o n  ( 1 . 5ppm t o  2.6ppm)

from e x p a n d e d ' p l o t s -  Dur ing  t h e  t im e  p e r i o d  the  d i e n e  s o l u t i o n s  were

no t  b e in g  h e a t e d  t h e  s o l u t i o n s  were s t o r e d  i n  an. i c e  b a t h .

[As an  a i d  t o  u n d e r s t a n d i n g  t h e  t a b l e s ,  t h e  f o l l o w i n g  symbols  have been

u se d ;  . _&
ZS= (Z)  d i a s t e r e o m e r  o f  8 - v - 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  

d e r i v a t i v e s ;

ES= (E)  d i a s t e r e o m e r  o f  above  diene .

Z I -  (Z)  i somer  of  5 - X - 2 - m e t h y l - 6 - n i r t o c y c l o h e x a - 2 , 4 - d i e n y l  d e r i v a t i v e s  

EI= (E) d i a s t e r e o m e r  o f  above  d i e n e  

''CS= 5 - X - o - c r e s y l  a c e t a t e s  

3N= 4-X“ 3 - n i t r o t o l u e n e ]

The r a t e  c o n s t a n t s ,  computed from the  e q u i l i b r i u m  c o n s t a n t s  

^^eqm ” k ^ / k _ ^ )  and t h e  s l o p e s  (k^ + k _ ^ ) ,  o b t a i n e d  from t h e  g r a p h s  a r e  

shown in  c h a p t e r  I I I .  A. s t a n d a r d  l i n e a r  r e g r e s s i o n  programme was used 

to  o b t a i n  t h e  b e s t  f i t  s t r a i g h t  l i n e  u s i n g  t h e  mehtod of  l e a s t  s q u a r e s .  

The r e p o r t e d  r a t e  c o n s t a n t s  a r e  e s t i m a t e d  a s  r e l i a b l e  t o  +10% as 

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

c o n c e n t r a t i o n s  and s a m p l ing  t i m e s .  T h i s  e r r o r  e s t i m a t e  i s  i n d i c a t i v e  of  

t h e  i n h e r e n t  e r r o r s  i n  t h e  NMR t e c h n i q u e  and the  t ime m ea su rem e n ts .
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Table' 7.1 Isomerization.of diene 100 in the presence of p-cresol

Time % 100 % 187
(mins) (ZS) (ZI)

2 0 94.4 5 .6
40 88.8 11.1
60 8 5 .8  - *114.2
90 82 .5 17 .5

120 75 .0 25.0
150 71 .8 28.1
180 67.2 32.8
240 61.1 38.8
305 55.0 45.0
455 44.0 56.0
995 31 .8 68.2

1475 28 .7 71.3
1895 28.7 71.3

T a b le  7 . 2 :  I s o m e r i z a t i o n  of  d i e n e  187 i n  t h e  p r e s e n c e  of  p - c r e s o l

Time
(mins)

% 187 
(ZI)

% 100 
(ZS)

30 98.0 2 . 0

60 95 .7 4 .3
90 93 .4 6 . 6

120 ” 90 .9 9.1
150 88 .5 11 .5
180 86.9 13.1
2 1 0 86.2 13 .8
240 85 .5 14.5
300 8 1 .3 18.7
380 78 .3 21.7

920 71.4 2 8 .6
1340 71.4 28 .6
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Table 7.3 Reaction of diene 188 in the presence of p-cresol

Time % 188 % 189 % 1 0 0 % 187 % 186 % p - c r e s o l
(mins) ( E l ) (ES). ( Z S ) ' - ( Z I ) (CA) re m a in in g  '

2 0 90 .9 7.7  . — - 1.4 9 4 .6
40 8 4 .3 1 1 . 0 - - 4 .6 6 6 . 6

60 ' 8 2 .6 10 .3 - - 7 .0 4 4 .2

90 7 7 .5 15 .5 - - 7 .3 3 8 .0
1 2 0 7 6 .9 . 1 2 . 3 ' - - 1 0 . 8 23^2
150 7 2 .4 16.4 - 1 1 . 2 4 . 8
180 71 .2 15.7 - - 13.7 0

240 6 0 .0 6 .3 2 .9 4 . 6 26 .1

Table  7 . 4  I s o m e r i z a t i o n  o f  d i e n e  101 i n  p r e s e n c e  of  p - c r e s o l

Time % 1 0 1 % 190
(mins) (ZS) ( Z I )

2 0 9 2 .8 7 .1
'> 40 8 8 .4 1 1 . 6  •

60 ' 8 3 .3 1 6 .6  ,
90 78 .8 2 1 . 2

1 2 0 72 .7 2 7 .3
150 6 2 .5 3 7 .5
1 8 0 * 59 .2 4 0 . 8
240 56 .7 4 3 .3
305 4 7 .6 5 2 .4
455 36 .2 6 3 .8
995 3 2 .8 6 7 .2

1475 25 .7 7 4 .2
1895 25 .7 7 4 .3
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Table 7.5: Isomerization of diene 190 in the presence of p-cresol

Time
(mins )

% 190 
- ( Z I )

% 1 0 1  

(ZS)

1 0 • t

30 97.1 2 .9
60 9 6 . 8  , . 3 . 2
90 93 .6 6 . 4

1 2 0 90 .0 1 0 . 0

150 89 .3 10 .7
180 86 ;9 13 .1
2 1 0 8 5 .0  • 1 5 .0
240 8 4 .0 1 6 .0
300 81 .0 1 9 .0
380 79 .0 2 1 . 0

920 76 .9 23 .1
1340 74 .3 25 .7

T a b le  7 . 6 :  I s o m e r i z a t i o n  o f  d i e n e  100

9̂

Time (min) % 1 0 0 % 187 % 188 % 189 % 186

(ZS) ( Z I ) ( E l ) (ES) (CA)

2 0 93 .5 3 . 6 2 . 8 - -

40 85 .7 7 .8 5 .8  . 0 . 6 -

60 80 .8 1 0 . 8 7 ,2 1 . 2 -

90 69 .5 16 .8 1 0 . 8 2 .9 -

1 2 0 60.4 2 0 . 1 14.7 4 / 7 /

150 4 8 ,5 . 2 3 .2 18 .8 A ^ ^ 2 . 9

180 38 .3 • 31 .4 20 .3  - ' 5 , 9 4 ;1

240 3 6 .3 ' 3 1 . 5 21 .7 5..0 5 .4

305 25 .9 32 .1
•

25 .9 8 . 8 6 . 2

455 18 .6 j 3 3 . 8 28 .8 ,7 .0 1 1 . 8

995 . 8 . 2  ^ /  3 0 .6
c-i-'

23 .5 ,  - 6 . 1 3 1 .6
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T a b l e  7 . 7  I s o m e r i z a t i o n  o f  d i e n e  188

246. A-

Time % 188 % 1 0 0 . % 189 % 187 % 186
(mins)- ( E l ) (ZS) (ES) T. ( Z l ) (CA)

>
2 0 8 8 . 0 ' 1 .3 7 .0 . 1 .3 —

40 8 1 . ^ 2 .7 10.9 * 2 .7 1 ^
60- . 73 .5 3 .9 12.9" 3 .9 5%
90 7 3 .3  ■ 11.7 3 .9

%.
< 3 \ 1

1 2 0 6 7 .0 ^ 6 ^  . 1 0 . 0 6.7 9 . 6 '
180 59 .3 7 . 6 14 .4 9 .3 1 6 .9  1
240 51 .0 7.4 ' 9 . 0 13.3 . 19.1
305 ■%4.y 8 . 0 - ■ 10 .5 . 16.7 20 .5
455 - 3 7 .6 9 . 6 . 1 1 . 2 1 2 . 8  ' 2 8 .8  •=
r' '■ »

-------4------

T a b l e  7 . 8  I s o m e r i z a t i o n  of .  d i e n e  101
t.

4
-Time
(.mins)

% 1 0 1  

. (ZS)

% 190 

,  ( Z I )  ■

% 191 
( E l )

l  192 ' 
(ES)

% 193 
(CA)

' 2 0 8 4 .6 . 1 2 . 0 3.4 -

. 40 8 0 .2 1 4 .6 5.1 -

60 72 .2 18 .8 ■ , 9 ' 0 ' - -  ,

90 . 6 9 .4  ■ ' 2 0 .4 1 0 . 2 - _  :

1 2 0 53 .1  ' 2 6 .5 17 .7  . - -

ISO -4 6 .0 3 0 J g f 2 3 .0 - “

180 38 .5 3 6 .5 23 .0 1 .9 -

, i 4 0 28 .4 3 6 .1 • 24 .5 4 .5 6 . 4
““ 305 19 .4 , , 4 0 , 0 . . 2 3 . 8 6 . 6 . "9 .3

455 14;  4^ . 3 5 . 5 2 6 . 0 ' 7 . 6 16 .3
995 1 0 . 8 2 8 . 4 17 .6 5 .4 37 .8

% -----1 -

%
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T a b le  7 . 9  I s o m e r i z a t i q n .  o f  d i e n e  191-

247.

Time
(mine)

% 191 
( E l )

'% 190 
(ZI)

.% 192 
(ES)

% 101 
; ( z so

% 193 
(CA)

2 0 87 .0 — , ■ 11 .3 1 . 6 -
40 7 4 .3 4 .9 13.3 2 . 5 4 .2
60 69 S 5.1 16 .9 3 .4  - • 5 .1
90 6 8 .9 6 .7 11 .9 5 . 4 8 . 0  ■

1 2 0 6 3 .0 8 . 0 1 1 . 8 . 5 . 0 a . i
.. ^50 , 5 8 . 3  , 8 . 3 11.8 6 .4 ' 15.0

180 55 .9 1 1 . 8 9 .3 . 5 .9 17.,2
240 4 8 .9  ' 12 .7  : 8 .5 6 .4 23 .4
305 4 0 .2 14.1 6 . 6 5 .8 33 .2
453 28 .1 17 .6 10.7 '  9 . 8 33 .7

T a b le  7 . 1 0 :  I s o m e r i z a t i o n  o f  d i e n e  204 a t^ 25°C

\
Time

(mins )
2 0 4 '  

4<ZS) .
% 2 1 2  

( Z I )

■ ^ 3 8 6 . 0  * 1 3 .9  ,

* 4 81 .5 18 .5

 ̂ 5 78.*3 21.7
6 4  27'5
7 6 9 .4 3 0 .6

» ; " 8 64 .4 35 .5
9 6 2 .3 , 3 7 . 7

lO'j 60 .1 3 9 .9
■ 1 1 59.6  ̂ J: 4 0 .4

1 2 57 .8 4 2 .2
13 5 6 .6 ^ 4 3 .4
14 "L 5 6 t l  ■ ' 4 3 . 9  ■

% 2 1 54 .5 4 5 .5  '

■ 'i
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1 ,J  Sm all  S c a l e  I s o m e r i z a t i o n  R e a c t i o n s  f o l l o w e d  on t h e  R-32 (90ftHz) NMR 

S p e c t r o m e t e r  : «  - .

The s o l u t i o n s  o f  t h e  d i e n e s  (~0.1mmol)  i n  t h e  m en t io n e d  .

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

temperature and, the reactions were monitored by H-NMR spectroscopy on

t h e  R32 (90MHz) NMR s p e c t r o m e t e r  , a t  r e g u l a r  i n t e r n a l s .  The

c o m p o s i t i o n  o f  t h e  r e a c t i o n  m i x t u r e s  when amounts  of  d i e n e s  were a t

t h e i r  maximum-values  o r  when, i n  t h e  c a s e  o f  a v e ry  f a s t  r e a c t i o n .

Complete aromatization had occurred are given in tabular form.

- "
( a )  R e a c t i o n s  of  ( Z ) - 3 - c h l o r o - 6 - m e t h y l - 6 - n i t r o c y c l o b e x a - 2 , 4 - d i e n y l  

a c e t a t e  (100)  (ZS) ;

The r e s u l t s  f rom t h e  i s o m e r i z a t i o n  of  t h e  d i e n e  100 a r e  

summarized i n  t a b l e  3 .7  and 3 . 8  i n  c h a p t e r  I I I  and  a r e  no t  r e p e a t e d  

h e r e .
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(b) Reactions of (Z)-5-chloro-2-met'hyl’-6-nltrocyclobexa-2,4-dienyl

acetate 187 (ZI): ‘ .

it S o l v e n t A d d i t i v e Temp Time % 1 0 0 %187 %188 %189 .2186 % 1 2 2

(mol p r p ) °C (ZS) ( Z I ) ( E l ) (ES) (CA) (3N)

1 ^ 6 ^ 6
- 75 2 h 2 2 46 24 a 8 ■ -

2 CDCl 3 - 25 6 d £ 58 13 a 2 0 -

3 CD3 OD - ' 6 5  ■ 5h - - - - 4 96

4 p y r i d i n e - ' 2 5 1 0 m - - - - - 1 0 0

5 ‘•CDCl 3 p - c r e s o l  

( 0 . 5 0 )  .

70 7h 33 67 a
•

6 CDCl 3 p - c r e s o l

( 0 . 2 5 )

60 18h 29 71^ a

7 CDCl 3 m e s i t y l e n e

( 1 )

70 3 .5 h . 2 0 2 0 51 a 8

The symbol  a has  been  used when peaks  due t o  t r a c e  amounts  o f  a  compound 

were d e t e c t e d  i n  t h e  V-NMR sp e c t ru m  bu t  i n t e g r a t i o n  was n o t  p o s s i b l e .
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(c) Reactions of (E)-5-chloro-2-methyl-6-nicrocyclohexa-2,4-dienyl

acetate (18Ü) (El);

S o lv e n t A d d i t i v e Temp- Time % 1 0 0 %187 %188 %189 % 1 2 2

»
%186

(mol  p rp ) °C (ZS) ( ZI) tEI) (ES) (3N) (CA)

CsDe - 75 2 h 2 2 2 2 31 a -. 25

CDCl 3 - 25 7d 7 1 0 13 a - 70

CD3 OD - 65 2 h - - 23 4 67 6

p y r i d i n e - 25 5m - - - - 1 0 0 -

CDCl 3 p - c r e s o l  ( 1 . 0 ) 62 1 1 . 5h - - 42 8 - 50

CDCl 3 p - c r e s o l  (Of5) 52 '  3 . 5 h - - 81 19 - -

CDCl 3 p - c r e s o l  ( 0 . 5 ) 62 1 1 . 5h - - 35 8 - 57

CDCl 3 p - c r e s o l .  ( . 2 5 ) 8 .5 2 .5 h - - 73 16 - 1 1

CDCI3  m e s i t y l e n e  ( 1 . 0 ) 70 3 .5 h 3 4 55 8 - 30

(d )  R e a c t i o n s  o f  ( Z ) - 3 - b r o m o - 6 - m e t h y l - 6 - n l t r o c y c l o h e x a - 2 , 4 - d i e n y l  

a c e t a t e  1.01 (ZS) :

S o lv e n t A d d i t i v e Temp Time_ %101 %190 %191 %192 %124 %193
• (mol p rop) "C (ZS) ( Z I ) (El) (ES) (3N) (CA)

■ ^ 6 ^ 6
- 75 . Ih 19 34 3 7 ' a - 10

CDCl 3 - 75 Ih 21 34 : 34 a - 10

CDCl 3 - 60 Ih 72 19 9 a — -

CDCl 3 - ,50 I h 75 17 8 a -  " -

CDCl 3 p - c r e s o l

(0.25)
54 24h 26 64 a

. CDCl3 p - c r e s o l

(0.25)
60 15h 32 6 8
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(e) Reactions of (Z)-5-bromo-2-methyl-6-nltrocyclohexa-2,4-dlenyl

acetate 190 (ZI):

S o l v e n t  A d d i t i v e  Temp Time %101 %190 %191 %192 %124 %193

Tmol prop) °C (ZS) (ZI) (El) (ES) (3N) (CA)
CDCI3 -  50 1 .8 h  5 95 a a -  -

CDCl3 -  70 2h 9^ 91 a a

CDCI3 p - c r e s o l  60 15h 23 77 -  -  -  a

(0.25)
CDCl3 p y r i d i n e - d j  25 5m -  -  -  -  100 -

(0 .2 )

( f )  R e a c t i o n s  o f  ( E ) - 5 - b r o m o - 2 - 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  191 ( E l ) :

S o lv e n t  A d d i t i v e  Temp Time %101 %190 %191 %192 %124 %193

(mol prop) °C (ZS) (ZI) (El) (ES) (3N) (CA)
CDCl 3 -  50 5h 5 '5 6 8  12 -  10

CDCl 3 -  60 5h 6  14 40 7 -  33

CDCI3 p - c r e s o l  ( 0 . 2 5 )  60 2 h  — -  82 ’ ’ —
/

CDCl3 p y r i d i n e - d j ( .2 )  25 5m 100
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(g )  R e a c t i o n  o f  ( E ) - 3 - c h l o r o - 6 - m e t h y l - 6 - n l t r o c y c I o h e x a - 2 , 4 - d i e n y l

a c e t a t e  (1 8 9 ) :
1

.The  H-NMR speç t rum  o f  a s o l u t i o n  of  d i e n e  189 i n  CDClg , k e p t  a t  

ambien t  t e m p e r a t u r e  f 6 r  24h_, i n d i c a t e d  t h e  c o m p o s i t i o n  a s  5% of  100, 60% 

of  188, 4% of  187, 19% o f  186 and 12% o f  u n r e a c t e d  d i e n e  189.

( h )  R e a c t i o n s  o f  ( E ) - 3 - b r o m o - 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  (1 9 2 ) :
1

The H-NMR spec t rum  o f  a s o l u t i o n  of  d i e n e  192 i n  CDClg a f t e r  2 days 

a t  ambien t  t e m p e r a t u r e  i n d i c a t e d  t h e  c o m p o s i t i o n  as  8 % of  1 0 1 , 62% of  

191, t r a c e s  of  d i e n e  190 and 30% u n r e a o t e d  d i e n e  192.

When a CDClg s o l u t i o n  o f  d i e n e  192 was k e p t  a t  60°C f o r  I h ,  i t  

y i e l d e d  a m i x t u r e  c o n t a i n i n g  10% d i e n e  101, 75% d i e n e  191, 14% o f  

u n r e a c t e d  d i e n e  192 and t r a c e s  of  d i e n e  190.

( i )  R e a c t i o n  o f  ( Z ) - 3 - m e t h o x y - ' 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  ( 1 0 2 ) :
3

' A s o l u t i o n  o f  d i e n e  102 (33mg, O. lbmmol) i n  CDClg (0.5cm ) was k e p t
1

a t  60°C f o r  15h. The H-NMR s p e c t ru m  o f  t h e  m ix t u r e  i n d i c a t e d  t h e  

f o r m a t i o n  o f  9% a c e t a t e  197,  4% a n i s o l e  116, 3% a n i s o l e  ( 1 1 2 ) ,  30% 

c r e s o l  168, 15% d i e n e  195, 9% d i e n e  194, 7% d i e n e  1 9 6 . t o g e t h e r  w i t h  

u n r e a c t e d  d i e n e  1 0 2 .

When t h e  e x p e r im e n t  was r e p e a t e d  and p - c r e s o l  (0 .04mmol) was added to  

t h e  o r i g i n a l  s o l u t i o n ,  a f t e r  15h a  m ix t u r e  of  18% d i e n e s  196,  194, 195
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and 102, 3% a n i s o l e  116,  28% k e t a l  226,  33% n l t r o c r e s o l  l o 8  and 18% of  a 

m i x t u r e  of  a n i s o l e  (112)  and a c e t a t e  196 was o b t a i n e d .  A pprox im a te ly  

25% of  t h e  p - c r e s o l  was c o n v e r t e d  t o  t h e  n l t r o c r e s o l  168.  The f i n a l  

c o m p o s i t i o n  of  t h e  r e a c t i o n  m i x t u r e  was d e t e r m i n e d  from an i n t e g r a t e d  

s p e c t r u m  o b t a i n e d  on-^the WM-250 (250MHz) s p e c t r o m e t e r .

( j )  R e a c t i o n s  o f  ( E ) - 5 - m e t h o x y - 2 - 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  (195 ) :

In CDCl3 a t  60*C d i e n e  195 y i e l d e d  a c e t a t e  1 9 7  as  t h e  major  

p ro d u c t  a lo n g  w i t h  a n i s o l e  (112)  o v e r  a p e r i o d  of  20h.  Dur ing  th e  

r e a c t i o n  d i e n e s  19«,  195 and 1 0 2  werfe formed i n  t r a c e  amounts .

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

i n  t h e  p r e s e n c e  of  p - c r e s o l  (0 .25m ol  p r o p o r t i o n ) .

( k )  R e a c t i o n s  o f  ( Z ) - 3 - b r o m o - 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  

c h l o r i d e  2 0 0 :

In CDCl3 a t  60°C d i e n e  200 y i e l d e d  43% of  d i e n e  206,  8 % of  

t o l u e n e  207 t o g t h e r  w i t h  u n r e a c t e d  d i e n e  200, a f t e r  a p e r i o d  of  2h.

When t h e  r e a c t i o n  was r e p e a t e d  and p - c r e s o l  ( 0 . 3 2  mol 

p r o p o r t i o n )  was added to  t h e  o r i g i n a l  s o l u t i o n  a f t e r  2 h t h e r e  was 

o b t a i n e d  a m ix t u r e  of ~10% t o l u e n e  207 and ~90% u n r e a c t e d  d i e n e  200.  

A pprox im a te ly  25% of  t h e  added p - c r e s o l  was c o n v e r t e d  to  n l t r o c r e s o l  

168.

( i )  R e a c t i o n  o f  ( Z ) - 4 - c h l o r o - 3 - m e t h o x y - 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  (130)  a t  ambien t  t e m p e r a t u r e  i n  c h l o r o f o r m :
1

A H-NMR sam ple  o f  d i e n e  130 (18mg, 0.07mmol) i n  CDCl3

( 4 0 0 y l )  was k e p t  a t  a m b ie n t  t e m p e r a t u r e  and t h e  a r o m a t i z a t i o n  was 
1

m o n i t o re d  by H-NMR. There  was no n o t i c e a b l e  change  a f t e r  IBh,  bu t
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a f t e r  7days t h e  d i e n e  130 had d i s a p p e a r e d  and c r e s o l  137 and k e t a l  135 

were p r e s e n t  i n  t h e  m i x t u r e .  There  were  a l s o  peaks  p r e s e n t  due to  

m ethano l  and a c e t i c  a c i d .  Over t h e  n e x t  70 days  t h e  k e t a l  135 

decomposed t o t a l l y ,  and c r e s o l  137 was t h e  on ly  p r o d u c t .

(m) R e a c t i o n  of  d i e n e  (130)  a t  60°C i n  c h l o r o f o r m - d :

When t h e  r e a c t i o n  was r e p e a t e d  a t  60°C,  a f t e r  3h a m i x t u r e  

c o n t a i n i n g  15% of  a n i s o l e  136, 77% of  c r e s o l  137 and 8 % k e t a l  135 was 

o b t a i n e d .  A f t e r  12h t h e  c o m p o s i t i o n  was 80% c r e s o l  137 and 20% a n i s o l e  

136.

( n )  R e a c t io n  o f  ( 2 ) - 3 ~ m e t h o x y - 6 - m e t h y I - 2 , 6 ~ d i n i t r o c y c l o h e x a - 2  , 4 - d i e n y l  

a c e t a t e  (151)  a t  ambient  t e m p e r a t u r e :

# Diene  151 (22mg, O.OSmmol) was d i s s o l v e d  i n  CDCl3 (0 .5cm ) 

and t h e  ' d e c o m p o s i t i o n  of  t h e  d i e n e  was f o l lo w e d  by NMR. No change  was 

o b s e rv e d  b e f o r e  18h, a f t e r  which t h e r e  was s low a c c u m u l a t i o n  o f  d i e n e  

154 a lo n g  w i t h  a r o m a t i c  compounds.  I n t e g r a t i o n  o f  t h e  NMR s p e c t r a  a f t e r  

32 days i n d i c a t e d  18.5% d i e n e  154, 5.5% k e t a l  156, 35% m i x t u r e  of  155,

116 and 2 3 1 a lo n g  w i t h  41% u n r e a c t e d  d i e n e  151. A f t e r  80 days  CDCI3 was
1

removed by b u b b l in g  Ng th ro u g h  t h e  sample and t h e  H-NMR s pec t rum  o f  t h e  

r e s i d u e  (250MHz, a c e t o n e - d g )  i n d i c a t e d  39% c r e s o l  2 3 ' ,  29% a n i s o l e  155, 

12% a n i s o l e  116 and 6 % unchanged  d i e n e  151.
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(o )  R e a c t i o n  of  D iene  (151)  i n  c \ i lo r o f o rm -d  a t  6 Q°C:

Diene 151 (15mg, 0.06mmol) was d i s s o l v e d ^ i n  CDCl3 i n  an NMR 

t u b e  and k e p t  i n  a t h e r m o s t a t t e d  w a t e r  b a t h  (6 0 ° C ) .  The d e c o m p o s i t t i o n  

o f  the  d i e n e  was f o l l o w e d  by NMR. A f t e r  24h an e q u i l i b r i u m  m i x t u r e  o f  

26% d i e n e  154, 18% a n i s o l e  155, 7.5% a n i s o l e  116 and 48.5% unchanged  

d i e n e  151 was o b t a i n e d .

( p )  R e a c t i o n  o f  ( Z ) - 3 - m e t h o x y - à - 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 y l  

a c e t a t e  (154)  a t  am bien t  t e m p e r a t u r e :
3

A s o l u t i o n  of  d i e n e  154 (15mg, 0.06mmol) i n  CDCl3 (0 .5 cm  ) 

was k e p t  a t  ambien t  t e m p e r a t u r e  and th e  d e c o m p o s i t i o n  f o l lo w e d  by 

H-NMR. A f t e r  80 da ys  t h e r e  was s t i l l  some d i e n e  154 r e m a in i n g  a lo n g

w i t h  a m ix t u r e  of  s e v e r a l  compounds. The CDCl3 was removed by b u b b l i n g
■ I

N’ 2  th rough  th e  s o l u t i o n  and t h e  H-NMR (2 50MHz, a c e t o n e - d g )  spec t rum  of

t h e  r e s i d u e  i n d i c a t e d  22% c r e s o l  2 3 1, 28% a n i s o l e  116, 35% a n i s o l e  155,

2% k e t a l  156 and 14,5% o f  unchanged  d i e n e  154.

( q )  R e a c t i o n  o f  Diene  154 i n  c h l o r o f o r m - d  a t  60°C:
1

A H-NMR sample  of  d i e n e  154 (30mg, O . l lmmol)  i n  CDCI3

( 0 . 5 c m 3 )  was h e a t e d  i n  a w a t e r  b a t h  t h e r m o s t a t t e d  a t  6 0 ° C  and the
1

d e c o m p o s i t i o n  was m o n i t o r e d  by H-NMR. A f t e r  17h a t  60°C, t h e  m i x t u r e  

c o n t a i n e d  14.5% a n i s o l e  155,  21.5% c r e s o l  23* 13.5% k e t a l  156 and 50.5% 

unchanged d i e n e  154. The r e a c t i o n  was c o n t i n u e d  to  58h, bu t  no 

i n t e g r a t i o n  was p o s s i b l e ,  however  t h e  o n ly  n o t i c e a b l e  change  was t h e  

d e c r e a s e  i n  d i e n e s  1 54 and k e t a l  156 w i t h  t h e  f o r m a t i o n  of  some a n i s o l e  

116.
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7 .8  P y r o l y s i s  o f  D ienes  a t  150°C:

A summary o f  t h e . r e s u l t s  o b t a i n e d  from t h e  r e a c t i o n s  o f  t h e

d i e n e s  a r e  g i v e n  i n  t a b l e  3.!L As an example t h e  d e s c r i p t i o n  o f  t h e

r e a c t i o n  o f  d i e n e  134 i s  g i v e n  be low .

Diene  134 (30mg) was t a k e n  i n  an NMR t u b e  and h e a t e d  i n  an

o i l  6 a t h  t h e r m o s t a t t e d  a t  150°C, f o r  5min, d u r i n g  which t h e r e  was

e v o l u t i o n  o f  brown fumes.  The r e s i d u a l  d a r k  brown o i l  was d i s s o l v e d  in  
1

a c e t o n e - d g .  The H-NMR s p e c t r u m  (250MHz) of t h i s  s o l u t i o n  i n d i c a t e d  t h e  

p r e s e n c e  of  41.5% c r e s o l  137,  22.5% a n i s o l e  136, 20.5% a n i s o l e  115 and 

15.5% c r e s y l  a c e t a t e .
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7 .9  Acid C a t a l y z e d  R e a c t i o n s  p f  D ie n e s :

7 . 9 . 1  R e a c t i o n s  of  ( Z ) - 3 - c h l o r o - 6 - m e t h y l - 6 - n t 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  ( 1 0 0 ) :

( a )  T r i f l u o r o a c e t l c  a c i d :
3

Diene  100 (30mg, 1 .3  mmol) was d i s s o l v e d  in  TFÂ (0 .3cm ) i n

an NMR tube  a t  -30*C and t h e  d i s a p p e a r a n c e  of  t h e  d i e n e  was m o n i t o r e d  by
1 •
H-NMR. A f t e r  10 min a t  -30  C. 82% of  t h e  d i e n e  had r e a c t e d .  The

s o l u t i o n  was s lo w ly  warmed t o  ambient  t e m p e r a t u r e  and a l l o w e d  to  s t a n d
1

f o r  2 h , a f t e r  which t im e  t n e  H-NMR spec t rum  of  t h e  r e a c t i o n  m i x t u r e

i n d i c a t e d  t h a t  t h e  d i e n e  had c o m p l e t e l y  r e a c t e d .  The s o l u t i o n  was
3

poured  i n t o  e t h e r  ( 2 0 cm ) c o o l e d  i n  an i c e  b a th  and 1 0 % aqueous  sodium 
3

b i c a r b o n a t e  (5cm ) was s lo w ly  added .  The m i x t u r e  was s t i r r e d  f o r

30mins,  t h e  e t h e r  l a y e r  was s e p a r a t e d  and th e  aqueous l a y e r  ( d i l u t e d  to .
3 * 3

10cm ) was e x t r a c t e d  w i t h  e t h e r  (10cm ) .  The combined e t h e r  l a y e r s  were

d r i e d  ov e r  anhydrous  magnesium s u l f a t e  and c o n c e n t r a t e d  on th e
1

'■otavapor ( 2 0 °C ) .  The H-NMR sp e c t ru m  and GC MS of  t h e  r e s i d u e  (19mg) '

i n d i c a t e d  the  c o m p o s i t i o n  as  80% of  t o l u e n e  121, (m/e 171, 173) and 20% 

o f  a c e t a t e  T”8 6 , (m/e 1 8 4 ,1 8 6 ) .
3

When t h e  r e a c t i o n  was r e p e a t e d  in  a m ix t u r e  of  TFA (0 .15cm )
3

and t r i f l u o r o a c e t l c  a n h y d r i d e  (0 .15cm ) d i e n e  100 gave a m i x t u r e  o f  38%

t o l u e n e  121, (m/e 171,  173) and 62% a c e t a t e  186, (m/e = 184, 1 8 6 ) .

b)  T r i f l u o r o m e t h a n e T - s u l f o n i c  a c i d :

Diene  100, (30mg) was added to  CF3 SO3 H (0.3cm ) a t  0°C to
1

y i e l d  a d a rk  r e d * s o l u t i o n .  The H-NMR spec t rum  o f  t h i s  s o l u t i o n  a f t e r  5 

min i n d i c a t e d  ' t h a t  t h e  d i e n e  had a r o m a t i z e d  c o m p l e t e l y  t o  t o l u e n e  1 2 1 . 

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

L
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r e a c t i o n  o c c u r r e d  and t o l u e n e  1 2 1  was t h e  on ly  p r o d u c t .

c )  Boron t r i f l u o r i d e ;

Diene 100, (30mg) was d i s s o l v e d  i n  bo ron  t r i f l u o r i d e  e t h e r a t e
3 1

(0 .3cm ) a t  - 2 0 °C .  The H-NMR s p e c t r u m ,  r e c o r d e d  im m e d i a t e l y ,  i n d i c a t e d

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 .  A f t e r  work up w i th  sodium

b i c a r b o n a t e ,  t h e  H-NMR sp e c t ru m  o f  t h e  r e s i d u e ' i n d i c a t e d  t o l u e n e  121 as

th e  major  p r o d u c t .  GC-MS o f  t h e  p r o d u c t  m i x t u r e  however i n d i c a t e d  t h e

p r e s e n c e  o f  t r a c e  amounts  o f  a c e t a t e  186,  (m/e:  184, 186) ,  c r e s o l  213,

(m/e:  142 ,144)  and c r e s o l  168, (m/e :  153) a lo n g  wi th  t o l u e n e  121,

( m / e : 1 7 1 , 1 7 3 ) . When anh y d ro u s  BF3 gas  was bubb led  t h ro u g h  a s o l u t i o n  of

d i e n e  100 (30mg) i n  CD2 C l 2 a t  -7 8 °C ,  t h e  H-NMR spec t rum  of  t h e  r e a c t i o n

m i x t u r e  i n d i c a t e d  c o m p le te  a r o m a t i z a t i o n  to  t o l u e n e  1 2 1 ,, which was

conf i rm ed  by GC-MS o f  t h e  p r o d u c t  m i x t u r e . a f t e r  work up.

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

A s o l u t i o n  o f  d i e n e  100,  (75mg, 3 .6  mmol) and m e s i t y l e n e

( 2 0 0 mg,)7 mmol) i n  CD2 C I 2  (0 .25cm ) was c o o le d  t o  -78°C and t o  i t  was
3

added boron  t r i f l u o r i d e  e t h e r a t e  (0 .25cm ) .  The m i x t u r e  was s lo w ly

warmed to  ambient  t e m p e r a t u r e  and t h e  m i x t u r e  was then  worked up w i t h
1

sodium b i c a r b o n a t e .  The H-NMR s p e c t r u m  of  t h e  p ro d u c t  m i x t u r e  

i n d i c a t e d  the  p r e s e n c e  o f  e x c e s s  m e s i t y l e n e ;  however a f t e r  p ro lo n g e d

e v a p o r t a i o n  on t h e  h i g h  vacuum pump, a r o m a t i c  peak  s i m i l a r  t o  t h o s e  of
\

m e s i t y l e n e  was s t i l l  p r e s e n t .  GC-MS of  t h e  p r o d u c t  m i x t u r e  showed 

t o l u e n e  121, ( m / e : 1 7 3 , 171) a s  t h e  m ajo r  compound a lo n g  w i t h  t r a c e  

amounts o f  a c e t a t e  186,  (m/e : 1 8 6 , 1 8 4 ) ,  c r e s o l  168,  ( m / e :1 5 3 )  and a n o t h e r  

compound w i t h  ( m / e : 2 4 4 , 246)  . T h i s  peak  c o u ld  be e x p l a i n e d  by th e  

f o rm a t i o n  of 5 ' - c h l o r o - 2 , 2 ' , 4 , 6 - t e t r a m e t h y l C b i p h e n y l . 

f ) «■ T r i f luo rom e tha nesu l fon ic  a c i d  i n  ch lo ro fo rm -d -  *

T r i f l u o r o m e t h a n e s u l f o n i c  a c i d  (0.02cm ) was*added t o  a

r
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s o l u t i o n  o f  d i e n e  100, (45mg) iK CDCI3 (0 .28cm ) a t  0*C, and t h e
1 f

r e a c t i o n  was m o n i t o re d  by JH-NMR. A f t e r  15min a t  0 C, o n l y  10% o f  t h e

d i e n e  r em a ine d .  The r e a c t i o n  was warmed t o  ambient  t e m p e r a t u r e  o v e r  a

p e r i o d  of  I h . a n d  t h e n  worked up w i t h  NaHCOg. The c o m p o s i t i o n  o f  t h e
1 .

p r o d u c t  m i x t u r e ,  a s  i n d i c a t e d  by H-NMR and GC-MS was >95% t o l u e n e  121, 

( m / e : 1 7 1 , 1 7 3 ) .  The minor  p r o d u c t  was 2 - n i t r o - p - c r e s o l  168,  ( m / e : 1 5 3 ) .  

g )  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  i n  m e t h a n o l :
3

To a s o l u t i o n  o f  d i e n e  100, (30mg) i n  CD3 OD (0 .06cm  ) a t  
3

-20°C was added TFA (0 .24cm ) and t h e  r e a c t i o n  was m o n i t o r e d  by NMR.

There  was no n o t i c e a b l e  change  a f t e r  20min a t  -20*C,  so t h é  t e m p e r a t u r e

was i n c r e a s e d  t o  0°C.  No r e a c t i o n  o c c u r r e d  ov e r  lOmin and t h e  m ix t u r e
:•

was'Warmed to  ambient  t e m p e r a t u r e  ( 2 2 “C) .  A f t e r  lOmin , 42% o f  t h e

d i e n e  had r e a c t e d .  A f t e r  60h the. r e a c t i o n  was worked up w i t h  sodium
1

b i c a r b o n a t e .  The H-NMR spec t rum ,  and t h e  GC-MS o f  t h e  m i x t u r e  i n d i c a t e d  

t h e  p r e s e n c e  of  30% t o l u e n e  121, ( m / e : 1 7 1 , f 7 3 ) ,  47% a c e t a t e  186,

( m / e :1 8 4 ,1 8 6 )  and 20% c r e s o l  213,  ( m / e : 1 4 2 , 1 4 4 ) .
3 3

I n  a m i x t u r e  of  CD3 OD (0 .15cm ) and TFA (0 .15cm ) 54% of

d i e n e  100 had r e a c t e d  a f t e r  72h a t  am b ien t  t e m p e r a t u r e .  The r e a c t i o n  

was c om ple te  a f t e r  17 d a y s .  A f t e r  work up w i t h  sodium b i c a r b o n a t e ,  t h e  

p r o d u c t  m i x t u r e ,  a s  i n d i c a t e d  by H-NMR and GC-MS, c o n t a i n e d  72% c r e s o l  

213,  (m 7 e :1 4 2 ,1 4 4 ) ,  19% t o l u e n e  122,  ( m / e : 1 7 1 ,173)  and 9% a c e t a t e  186,  

(m/e ; 1 8 4 ,1 8 6 ) .
3 3

I n  a m i x t u r e  o f  CD3 OD (0 .27cm ) and TFA (0 .03cm ) ,  6 8 % of

d i e n e  had r ^ c t e d  a f t e r  14 days  and a l l  o f  i t  had d i s a p p e a r e d  a f t e r  32
1

d a y s .  A f t e r  b i c a r b o n a t e  work u p ,  t h e  H- NMR sp e c t ru m  and t h e  GC-MS of  

t h e  p r o d u c t  m ix t u r e  i n d i c a t e d  41% t o l u e n e  122,  ( m / e : 1 7 1 ,173)  and 59% 

c r e s o l  213, ( m / e : 1 4 2 , 1 4 4 ) .
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' h) R e a c t i o n s  w i t h  t y l 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
—  ' '  ~  3

Dlen,e 100,  (30mg) was adde'H t o  a m i x t u r e  of  CDCI3  (0 .10cm )
3 . ^

and TFA (0 .3cm ) .At 0°C and t h e  r e a c t i o n  was m o n i to re d  by, H-N^R. The
’ . 1 

r e a c t i o n  (T iy2"42min )  was worked up a f t e r  18h a t  0°C.  The H-NMR

’ spec t rum  and t h e  GC-MS o f  t h e  m i x f p r e  i n d i c a t e d  t h e  p r e s e n c e  o f  83%

t o l u e n e  121, ( n ^ e : 1 7 1 ,173-) and 17%, a c e t a t e  186^ ^ m / e : 1 8 4 , 1 8 6 ) .  ' .

I n  a  m i x t u r e  o f  CDCI3  (0 .20cm .) and TFA (0.2cm ) a t  0°C, 

d i e n e  (100,  r ^ y g ^ ^ ' ^ h )  gave  a m i x t u r e  of  74% t o l u e n e  141,'  ( t a / e :1 7 1 ,1 7 3 )  

and 25% a c e t a t e  186,  ( m / e : 1 8 4 , 1 8 6 ) .  ' '
' ' . f.

No n o t i c e a b l e  r e a c t i o n  o f  d i e n e  100 was o b s e r v e d  i n  a m i x t u r e  

of  CDCI3  (0 .3cm^)  and TFA (O . l cm 'S  a t  0!C ( t i m e  30 m i n ) . A f t e r  Ih  a t  

' ambient  t e m p e r a t u r e  44%.o f  t h è  d i e n e . h a d  r e a c t e d .   ̂ The r e a c t i o n  was 

com ple te  a f t e r  ^h . . A f t e r * w o r k  up ,  t h e  H-NMR-spectrum and GC-MS 

i n d i c a t e d  t h e  p r e s e n c e  o f ’ 50% l o l u e n e  121^ ( m / e : 1 7 1 ,173)  and 50% a c e t a t e
1 >

186, '  ( m / e ; 1 8 4 , 1 8 6 ) .
 ̂ ^ " 3  31 ,

With a m i x t u r e  o f  CDCI3  (0 .39cm -) and  TFA (O.OlcM ) t h e

r e a c t i o n  ( T j o " 1 2 h ) .  was c o m p l e t e  a f t e r  24h ah ambien t  t e m p e r a t u r e .
’  ■ 1 - '  ’

A f t e r  work up,  t h e  H-NMR s p e c t r u m  and t h e  GC-MS of  t h e  p r o d u c t  m i x t u r e

i n d i c a t e d  th& p r e s e n c e  o f  32% t o l u e n e  121,  ( m / e : 1 7 1 ,173)  a n d . 6 8 % a c e t a t e

186, ( m / e : 1 8 4 , 1 8 6 ) . '

i )  R e a c t i o n  w i t h  s u l f u r j c  a c i d  i n  a c e t i c  a n h y d r i d e :

Diene 100,  (30m'g) was added t o  a m ix t u r e  o f ’ a c e t i c  a n h y d r i d e
3 % , 3

(0 .27cm ) and s u l f u r i c  a c i d  (0 .03cm ) a t  -20°C and t h e  r e a c t i o n  was

m o n i to re d  b^ ^H-NMR. The r e a c t i o n  ( , 2 ='2 0 min)  was worked u p , w i t h
1

sodium b i c a r b o n a t e  a f t e r  24h.  The H-NMR s p e c t r u m  and t h e  GC-MS o f  t h e

m ix t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  82% t o l u e n e  121,  ( m / e : 171 ,173)  and 18%
V

a c e t a t e  1H6, ( m / e : 1 8 4 ,1 8 6 )  :
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When the reaction was repeated using a 0.1% (v/v) mixture
3 -(0.3cm ) of sulfuric acid in acetic anhydride the reaction was very slow

even a t  22°C.  From t h e  NMR s p e c t r a  of  t h e  r e a c t i o n  m i x t u r e ,  f o r m a t i o n
'

o f  Z- and E - 5 - c h l o r o - 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 s  was

e v i d e n t .  A f t e r  90 days  a l l  d i e n e  p r o d u c t s  had d i s a p p e a r e d .  A f t e r

sodium b i c a r b o n a t e  work up t h e  H-NMR s p e c t r u m  and t h e  GC-MS i n d i c a t e d

t h e  preS.ence of  33% t o l u e n e  121,  5% t o l u e n e  111,  2'8% t o l u e n e  122 and 33%

of  a m i x t u r e  of  c r e s o l  213 and a c e t a t e  186.

i )  R e a c t i o n  w i t h  s u l f u r i c  a c i d  i n  a c e t o n e :

Diene  100., (30mg) was added to  a m i x t u r e  of  10% ( v /v )
3

s u l f u r i c  a c i d  i n  a c e t o n e - d g  (0.3cm ) a n d - t h e  r e a c t i o n  was m o n i to re d  by 
1 *
H-NMR a t  0°C.  A f t e r  20min a t  0®C t h e  r e a c t i o n  ( r , , ? « 1 0 m i n )  was warmed

1
t o  room t e m p e r a t u r e  and i t  was worked up a f t e r  12h.  The H-NMR sp e c t ru m  

and t h e  GC-MS o f  t h e  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  80% c r e s o l  213,  

( m / e : 1 4 2 , 1 4 4 ) ,  7% t o l u e n e  122, ( m / e ; 171 ,17  3) and 7% t o l u e n e  121, 

( m / e : 1 7 1 , 1 7 3 ) .

k)  R e a c t i o n  w i t h  s u l f u r i c  a c i d  i n  m e t h a n o l :  ‘

Diene 100,  ( 1 . 5 g ,  6.5mmol) was added t o  a  m ix t u r e  of  25%

(w/w) s u l f u r i c  a c i d  and m e tha no l  (20g)  a t  - 78°C .  The m ix t u r e  was warmed
4

to  0°C and s t i r r e d  f o r  8 h ,  t h e n  c o p ie d  and s t o r e d  a t  - 2 0 “C f o r  12h.

A f t e r  c o n c e n t r a t i n g  t h e  s o l u t i o n  a t  -40°C on a r o t a v a p o r  t h e  m i x t u r e  was
3

poured  i n t o  e t h e r  (250cm ) and n e u t r a l i z e d  w i t h  ammonium h y d r o x id e  
3 '  t

(50cm, 0 .7 m o l ) .  The o r g a n i c  l a y e r  was d e c a n t e d  ou t  and t h e  aqueous
3

l a y e r  was e x t r a c t e d  w i t h  e t h e r  (2x50cm ) .  The combined e t h e r  s o l u t i o n s
- 3 '

were washed w i t h  w a t e r  ( 2 x l 0 0 cm ) ,  d r i e d  o v e r  anhyd rous  magnesium 

s u l f a t e  and e v a p o r a t e d  t o  d r y n e s s  a t  -50°C t o  y i e l d  an o i l  ( 1 . 2 g ) .  The 

NME^f t h e  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  40%

{
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( Z ) - 3 - c h l o r o - 6 - m e t h y l - 6 - n i t r o c y G l o h e x a ~ 2 , 4 - d i e n o l  (204)  and 60% c r e s o l  

( 2 1 4 ) .  The m i x t u r e  was s e p a r a t e d  by ch ro m a to g ra p h y  on a lum ina  u s i n g  

e th e r -pe . t r -o le um  e t h e r  m i x t u r e s  as  e l u e n t .  The m ix tu re  ( I g )  was loade d  

o n to  a c o l u m n 'o f  n e u t r a l  a lu m in a  ( l l O g )  c o o le d  to  -78°C.  E v a p o r a t i o n  of  .
3

t h e  f i r s t ' T r a c t i o n  (500cm , 40% e t h e r )  a t  -40°C y i e l d e d  a m i x t u r e  o f  70% 

d i e n o l  212 ,  5% t o l u e n e  122 and 25% c r e s o l  213.  The second f r a c t i o n
3

(500cm , 60% e t h e r )  y i e l d e d  30% d i e n o l  212,  and c r e s o l  213. The l a t e r
3

f r a c t i o n s  (500cm a t  80% and 1 0 0 % e t h e r )  c o n t a i n e d  pure  c r e s o l .

The f i r s t  f r a c t i o n  (170mg) from t h i s  coiumn was S e p a r a t e d

a g a i n  on an a lu m in a  (85g)  column a t  -78*C u s i n g  m i x t u r e s  oF e t h e r  and

■petro leum e t h e r  ( e a c h  125cm volume of  e l u e n t  was c o l l e c t e d  s e p a r a t e l y )

as  e l u e n t  [no .  of  f r a c t i o n s , ( % e t h e r )  = 2(0%),  2(5%),  2(10%),  2(20)%, 2

(30%), 2(40%),  3 ( 100% )] .  The t o l u e n e  122 was e l u t e d  in  t h e  s i x t #

f r a c t i o n .  In  f r a c t i o n s  10 -11 ,  p u r e  < ^ eno l  204,  (90mg) was o b t a i n e d ,

f o l lo w e d  by c r e s o l  214 i n  t h e  l a t e r  f r a c t i o n s .  The d i e n o l  212 was

c h a r a c t e r i z e d  by NMR s p e c t r o s c o p y  a t  low t e m p e r a t u r e  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 .  H-NMR (250MHz, CDCI3 , - 4 0 ° C ) :  6  1 .71 (3H, s ,  CHg), 2 .5

(IH,  b r s ,  OH), 4 .4 5  ( IH ,  d, J= 6 .00H z ,  H ) ,  6 .01  (IH,  d, J=10.10Hz,

4 -H) ,  6 .07  (IH ,  d ,  J=6 .00Hz ,  2 -H) ,  6 .35  (l.H, d ,  J=10 .10Hz,  5-H)ppm;

^^C-NMR (62.9MHz, CDClg^, - 5 0 ° C ) :  6 ^ 2 2 .0  (CH3 ) ,  69 .6  ( C - 1 ) ,  88 .3

( C - 6 ) ,  121 .5  ( C - 2 ) , ' 1 2 5 . 8  ( C - 4 ) ,  128 .1  ( C - 5 ) ,  129 .9  ( C - 3 ) ;

I n  a n o t h e r  e x p e r i m e n t ,  d i e n e  100, (116mg, 0.5mmol) was

s t i r r e d  a t  ambien t  t e m p e r a t u r e  f o r  6 h i n  a m i x t u r e  of  25% (w/w) s u l f u r i c

a c i d  and m e th a n o l  ( 1 . 5 g ) .  A f t e r  work up w i t h  sodium b i c a r b o n a t e ,  pure  
s % '  129

c r e s o l  214,  (65mg, .91% y i e l d )  was d b t a i n e d .  mp 73°C ( l i t  73 -74 C)

^H-NMR (250MHz, CDCI3 ) :  6  2 .14  (3H, s ,  CH3 ) ,  4 .7 1  (IH,  b r  s ,  OH), 6 .72

( IH,  d ,  J “ 1 .5 3H z ,  6 -H ) ,  6 .76  (IH ,  dd ,  J = 1 .5 3  and 7.90Hz,  4 -H) ,  6 .9 6  (IH ,
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d ,  J= 7 .90H z ,  3-H)ppm; C-NMR ( 6 2 . 9 'MHZ, CDCI3 ) ;  g 15 .2  (CH3 ) ,  115 .4

( C - 6 ) ,  120 .9  ( C - 4 ) ,  122 .4  ( C - 2 ) ,  131 .7  ( C - 3 ) ,  1^ 2 .0  ( C - 5 ) ,  154.4 (C-1)

ppm. . '

1)  R e a c t i o n  w i t h  hydrogen  c h l o r i d e :  . '

Anhydrous HCl ga s  was bub b led  th rough ,- a  s o l u t i o n  of  d i e n e
A 3

100, (1 .5gywmol)  i n  e t h e r  (25cm ) a t  -78°C fot^ 15min. The m i x t u r e  waS

warmed to  0 “C ov e r  a p e r i o d  of  30min,  s t i r r e d  f o r  15mïn a t  0°C, t h e n
3

d i l u t e d  w i t h  e t h e r  (100cm ) a t  -78°C and n e u t r a l i z e d  w i t h  ammonium 
3

h y d r o x i d e  (50cm , 0 . 7 m o l ) .  A f t e r  s t i r r i n g  t h e  m i x t u r e  f o r  I h ,  t h e
* 3

o r g a n i c  l a y e r  was . s e p a 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  w a t e r  ( 1 0 0 cm )
3

was e x t r a c t e d  w i t h  e t h e r  (2x50cm ) ,  d r i e d  o v e r  anhydrous  magnesium

s u l f a t e  and c o n c e n t r a t e d  on t h e  r o t o r v a p o r  a t  15°C t o  y i e l d  a p a l e
1'  •

y e l lo w  r e s i d u e .  The H-NMR s p e c t r u m  of  t h i s  r e s i d u e  i n d i c a t e d  t h e

p r e s e n c e  o f  .~90% ( Z ) - 3 - c h l o r o - 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

c h l o r i d e  (201)  a lo n g  w i t h  some a r o m a t i c  compounds. Pure d i e n e  201,

( 0 .6 9 g )  was o b t a i n e d  from t h e  c r u d e  m i x t u r e  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  from e t h e r - p e t r o l e u m  e t h e r  m i x t u r e s  a t  -20°C as
2 - 1

c o l o u r l e s s  c r y s t a l s  mp76°C; UV (CH3 OH) X^^^=269nm, (e=430 m mol ); IR:

(KBr) .  3040,  1640 (C=C), 1555,  1375 (NOg); H-NMR (250MHz, CDCI3 ) :  6

1.81  (3H, s ,  CH3 ) ,  4 .9 6  (IH ,  dd ,  J = 6 .7 0  and 1..68Hz, 1 -H) ,  6 .1 0  ( IH ,  dd,

J= 1 0 .1 5  and 1.81Hz,  4^H),  6 .1 3  ( I R ,  ddd ,  J = 6 . 7 0 ,  1 .81  and 0 .57Hz ,  2-H).,
13

6 .64  ( IH ,  ddd ,  J = 1 0 .1 5 ,  1 .68  and 0 .57H z ,  5-H)ppm; C-NMR (62.9MHz,

CDCI3 ) :  g 23 .3  (CH3 ) ,  5 8 . 4 - ( C - 1 ) ,  8 8 .3  ( C - 6 ) ,  120 .3  ( C - 2 ) ,  126.2 ( C - 4 ) ,

128 .5  ( C - 5 ) ,  132.5 ( C - 3 ) ;  a n a l y s i s :  C 40.28%, H 3.79%, N 6.65%, Cl -

33 .83  % ( c a l c u l a t e d  f o r  C^HyClgNOg: C 40.41%, H 3.39%, N 6.73%, Cl

34 .08%).  When t h e  r e a c t i o n  was r e p e a t e d  w i t h  a  6 N s o l u t i o n  of  HCl

s o l u t i o n  i n  e t h e r  a t  - 40°C ,  unchanged  d i e n e  was r e c o v e r e d .  Diene 100,
3

(50mg) on s t i r r i n g  w i t h  a - s o l u t i o n  o f  HCl (0.05cm ) and a c e t i c  a n h y d r i d e
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( 0 . 2 5  cm ) a t  room t e m p e r a t u r e  f o r  4h gave 48% of  d i e n e  201 t o g e t h e r  

w i t h  a c e t a t e  186 and t o l u e n e  1 2 2 . 

m) R e a c t i o n  w i t h  a nhyd rous  h yd rogen  b rom ide :

Anhydrous HBr ga s  was bubb led  th r o u g h  a s o l u t i o n  of  d i e n e
4 3 " 3

100;  ( Ig .m mol)  i n  e t h e r  (10cm ) a t  - 78  C f o r  lOmin and t h e  s o l u t i o n  was

t h e n  s t i r r e d  f o r  Ih as  t h e  t e m p e r a t u r e  was i n c r e a s e d  to  -40°C .  The
1
H-NMR spe c t rum  of  t h e  r e s i d u e  a f t e r  work up (500mg) i n d i c a t e d  76.5%

( Z ) - 3 - c h l o r o - 4 - 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  bromide  (224)  was

p r e s e n t  t o g e t h e r  w i t h  2 - b r o m o - 4 - c h l o r o t o l u e n e . C r y s t a l l i z a t i o n  from

e t h e r - p e n t a n e  m ix t u r e  a t  -20°C gave pure  d i e n e  (224)  mp: 71°C; UV
2 _ 1

(CH3 OH): X^^^=280nm (e=527m mol ) :  IR (KBr) 1555

(NOg); ^H-NMR (250MHz, CDCI3) 6: 1.78 (3H, s, CH3), 5.14 (IH, dd, J=6.64 
and 1.84Hz, 1-H), 6.10 (IH, dd, J-10.33 and 1.84H^, 4-H), 6.17 (IH, dd,
J=6 .64  and 1.84Hz,  2 -H ) ,  6 . 6 6  ( IH ,  dd,  J=10 .3 3  and 1.84Hz,  5-H);
13
C-NMR (62.9MHz, CDCI3) 6L 23.9 (CH3), 50.2 (C-1), 89.2 (C-6), 121.5 

(C-2), 126.1 (C-4), 129.4 (C-5), 131.8 (C-3); analysis C 33.46%, H 
2.61%, N 5.46% (Calculated for C7H7N02ClBr: C 33.29%, H 2.79%, N
5 . ^ % ) ;

7 . 1 2 . 2  R e a c t i o n s  of  ( Z ) - 3 - b r o m o - 6 - m e t h y l - 6 - o l t r o c y c l o h e x a - 2 , 4 - d i e n y l  

a ç e t a t e  ( 1 0 1 ) :

The p r o c e d u r e  employed for-  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  

d i e n e  1 0 1  were s i m i l a r  t o  t h a t  of  d i e n e  1 0 0  and the  r e s u l t s  have been 

summarized i n  s e c t i o n  4 . 2 .  Only t h e  e x p e r i m e n t s  l e a d i n g  t o  t h e  

c h a r a c t e r i z a t i o n  of  compounds no t  c h a r a c t e r i z e d  e l s e w h e r e  i n  t h i s  

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

a )  R e a c t i o n  w i t h  t r i f l u o r o m e t h a n e s u l f o n i c  a c i d :  '

Diene  (101 ,  27.5mg, O.lmmol) was added t o  a c o l d  s o l i u t i o n  of  
3

CF3 SO3 H (0 .3 cm  ) a t  0°C,  t h e  c o l o u r  o f  t h e  s o l u t i o n  changed
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i n s t a n t a n e o u s l y  t o  dark, brown.  The H-NMR spe c t rum  i n d i c a t e d  com ple te

d i s a p p e a r a n c e  of d i e n e  101 and t o l u e n e  123 as  t h e  o n ly  p r o d u c t .  A f t e r

work up w i t h  sodium b i c a r b o n a t e  t o l u e n e  (123)  was i s o l a t e d  as  t h e  on ly

lOUy ^
p r o d u c t .  I t  had mp=45-47°C ( l i t .  47°C); H-NMR (250MHz, CDCI3 ) :

6  2*55 (3H, s ,  CH3 ) ,  7 .16  (IH ,  d ,  J = 8 . 6 Hz, 6 - H ) ,  7 ,55  (IH ,  dd, J = 8 . 6  and
1 3

l . ydz ,  5-H),  8.05 ( IH ,  dd, J= 2 .1H z ,  3-H); C-NMR (62.9MHz, CDCI3 )

20.0 (CH3), 119.6 (C-4), 127.4 (C-3), 132/5 (C-1), 134.0 (C-6),
135.9 (C-5), 149.6 (C-2).
b)  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 l c  a c i d  i n  c h l o r o f o r m :

Diene 101, (27.5mg)  was d i s s o l v e d  in  a m i x t u r e  of TFA
3 3

(0 .3cm ) and CDCl3 j (0 .1cm ) a t  0°C and t h e  r e a c t i o n  was m o n i to re d  by
1
H-NMR. There  was s low f o r m a t i o n  of  a r o m a t i c  compounds,  and a f t e r  5h

the  4 l 6 ne had c o m p l e t e l y  a r o m a t i z e d  to  a m i x t u r e  of  t o l u e n e  123 and
I

a c e t a t e  192. A f t e r  work up ,  t h e  H-NMR s p e c t r u m  of  t h e  p r o d u c t  m i x t u r e

I n d i c a t e d  t h e  p r e s e n c e  of  37% a c e t a t e  193 and 63% t o l u e n e  123.
i  * 3

^ T h e  r e a c t i o n  was r e p e a t e d  w i t h  CDCI3 (0 .2cm ) and TFA

(0.2cm ) .  How<fVer t h e  a r o m a t i z a t i o n  was s low a t  0°C, so t h e  r e a c t i o n

m ix t u r e  was warmed up t o  ambien t  t e m p e r a t u r e ,  when t h e  d i e n e  a r o m a t i z e d

c o m p l e t e l y  w i t h i n  Ih « ^  t  e r  work up t h e  H-NMR s p e c t r u m ^ f  t h e  p r o d u c t

i n d i c a t e d  59% a c e t a t e  193 and 41% t o l u e n e  123.
3 ■ 3

I n  a m i x t u r e  o f  TFA (0 .1cm  ) and CDCI3 (0 .3cm ) d i e n e  101 had

a h a l f  l i f e  of  20min a t  am b ien t  t e m p e r a t u r e .  The m i x t u r e  wa* a l l o w e d  to  

s t a n d  o v e r n i g h t  a t  a m b ie n t  t e m p e r a t u r e ,  t h e n  worked up .  Trfe ^H-NMR '

spec t rum  and GC-MS o f  t h e  m i x t u r e  i n d i c a t e d  th e  p r e s e n c e  o f  70% a c e t a t e  

193,  (m/e =230, 2 2 8 ) ,  t o l u e n e  123, (m/e =217 ,215)  and 8 % pf a n o t h e r  

compound (m/e =275 ,273)  which had NMR peaks a t  Ô: 8 .2 6  (IH ,  3 ) ,  7 .77
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(1H; , s ) f  2 .59  (3H, s ) ,  2 .11  (3H, s ) .  Th i s  compound was a s s i g n e d  as 

5 - b r o m o - 4 - n i t r o - o - c r e s y l  a c e c a c e  .

Diene  101 decomposed a t  ambien t  t e m p e r a t u r e  ove r  a p e r i o d  o f
3 3

15h In a m i x t u r e  o f  CDCl^ (0.38cm ) and TFA (0.02cm ) t o  y i e l d  73%
a c e t a t e  193, 14% t o l u e n e  123 and 13% n i t r o a c e t a t e  254.

c)  R e a c t i o n  w i t h  a nhyd rous  hydrogen  c h l o r i d e :

HGl gas  was bubb led  t h ro u g h  a s o l u t i o n  of  d i e n e  (101 ,  275mg,

Immol) i n  e t h e r  ( 5 c m S  a t  -78*C f o r  15min and s t i r r e d  f o r  45min d u r i n g
1 I

which t h e  b a t h  was a l l o w e d  to  warm up to  -40°C .  The H-NMR sp e c t ru m  of  

the  m ix tu re  a t  t h i s  s t a g e  i n d i c a t e d  th e  p r e s e n c e  of  a new d i e n e  2 0 0  as  

t h e  on ly  p r o d u c t .  A f t e r  work up w i t h  aqueous  ammonia a t  -78°C pure 

( Z ) - 3 - b r o m o - 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  c h l o r i d e  (200)  (206mg, 

82% i s o l a t e d  y i e l d )  was i s o l a t e d  as  t h e  on ly  p r o d u c t .  Th i s  was p u r i f i e d  

by c r y s t a l l i z a t i o n  from e t h e r - p e t r o l e u m  e t h e r  m ix t u r e  a t  -20°C to  y i e l d

p a le  ye l low  c r y s t a l s .  I t  had mp: 87°C; UV (CH2 C I 2 ) :  273nm
2 - 1  1 (c=351m mol ); IR: 1540 (NOg), 7*0 (C-Cl); H-NMR (250MHz, CDCI3) 5:

1.81  (311, s ,  CH3 ) ,  4.89 ( IH ,  dd,  J= 6 .47  and 1 .72Hz,  1-H) ,  6 .2 0  ( IH ,  dd ,

J = 10 .30  and 1 .81  Hz, 4 -H ) ,  6 .3 6  (IH ,  dd,  J = 6 .47  and 1 .81Hz,  2-H) ,  6 .54

(IH,  dd,  J = 1 0 .3 0  and 1.72Hz,  5-H)ppm; ^^C-NMR (62.9MHz, CDCI3 ) :  6 ^ 24 .2

(CH3 ) ,  58 .6  ( C - 1 ) ,  89 .1  (C-6), 121.2 (C-3), 124 .2  ( C - 2 ) ,  128.1 ( C - 4 ) ,

129.1 (C - 5 ) ;  A n a l y s i s :  C 33.39%, H 2.67%, N 5.51% ( C a l c u l a t e d  fob

CgHyNOgClBr C 33.29%; H 2.79%; N 5.55%).

d)  R e a c t i o n  w i t h  hyd rogen  b rom ide :

Anhydrdùs HBr gas  was bubb led  t h r o u g h  a s o l u t i o n  of  d i e n e
3

101, (275mg, l .Ommol) i n  e t h e r  (5cm ) a t  -78°C f o r  15min. The m i x t u r e
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was s t i r r e d  f o r  4 5 min ,  d u r i n g  which t im e  t h e  t e m p e r a t u r e  was a l low ed  t o

r i s e  to  -40°C .  A f t e r  low t e m p e r a t u r e  work up w i t h  aqueous- ammonium

h y d r o x i d e ,  fo l l o w e d  by c r y s t a l l i z a t i o n  of  t h e  r e s i d u e ,  p u r e
*

( Z ) - 6 - m e t h y l - 6 - n i t r p c y c l o h e x a - 2 , 4 - d i e n y l - l , 3-dibroiaide  255,  ( 8 8 mg) was

obtained. It had mp 68.5°C; IR (KBr) 1540 (NOg), 590 (C-Br); UV
2 - 1 1

(CH?C1?):X =286nm (fr=477 m mol ) ;  H-NMR (250MHz*, CDCl 3 )
 ̂  ̂ m^x

Ô: 1.82 (3H, s, CHg) 5.11 (IH, dd; J=6.54 and 1.92Hz, 1-H), 6.25 (IH,
d d , J=10 .25  and 1 .60Hz,  4 -H ) ,  6 .^ 4  (IH ,  dd ,  J = 6 .5 4  and 1 .6 0 ,  2-H) ,  6 .6 0

13 -(IH, dd, J-10.25 and 1.92Hz, 5-H)ppm; C-NMR (62.9MHz, CDCI3) 5̂ :
24.0 (CH3) 50.4 (C-1), 88.9 (C-6), 120.7 (C-3), 125.4 (C-2), 128.0 
(C-4), 129.1 (C-5)ppm; Analysis: C 28.29%T'H 2.20%['N 4.70% (Calculated 
for C^HyNOgBrg. C 28.31%, H 2.31%, N 4,71%).
e)  R e a c t i o n  w i t h  s u l f u r i c  a c id  In m e t h a n o l :

Diene  101,  (690mg, 2 .5  mmol) was added  t o  a m ix t u r e  o f

m ethano l  ( 5 . 4 g )  and s u l f u r i c  a c i d  ( 1 . 0 8 g )  a t  -20®C and s t i r r e d  f o r

30min. The m i x t u r e  was t h e n  s t o r e d  i n  a f r e e z e r  at -20°C fo r  7 d a y s .

Methanol was Chen removed on Che rotorvapor at -40°C,  the residue was

d i l u t e d  w i t h  e t h e r  ( 1 3 0 c m S  and neutralized w i t h  ammoniurm h y d r o x id e

(10cm", 1 .4  mol)  d i l u t e d  w i t h  e t h e r  (50cm ^) .  A f t e r  s e p a r a t i n g  t h e

o r g a n i c  l a y e r  t h e  r e s i d u e  was d i s s o l v e d  i n  w a t e r  and e x t r a c t e d  w i t h  
3

e t h e r  (2x25cm )•  The combined e t h e r  s o l u t i o n  was washed w i th  w a t e r  

(4x50cra ) ,  d r i e d  o v e r  anhyd rous  magnesium s u l f a t e  and t h e  e t h e r  was 

removed a t  -40*C. The ^H-NMR sp e c t ru m  o f  t h e  r e s i d u e  i n d i c a t e d  77%
( Z  ) - 3 - b r o m o - 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 l  205 and 2.2% c r e s o l  

215.  P r i o r  t o  s e p a r a t i o n ,  t h e  H-NMR sp e c t ru m  of  t h e  sample k e p t  i n  t h e  

f r e e z e r  o v e r n i g h t  a t  - 78°C ,  was r e r u n  and i n d i c a t e d  t h e  p r e s e n c e  o f  61% 

d i e n o l  205, 28% c r e s o l  215 and 4% of  a new d i e n o l  I d e n t i f i e d  l a t e r  

on as  ( Z ) - 5 - b r o m o - 2 - 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 l  ( 2 1 4 ) .  The
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m ix t u r e  was s e p a r a t e d  by ch ro m a to g ra p h y  o v e r  b a s i c  a lum ina  (45g ,  

Brockmann A c t i v i t y  758717,  d e a c t i v a t e d  by s h a k i n g  f o r  30min w i t h  3% by

we igh t  o f  10% ( v / v )  a c e t i c  a c i d - w a t e r  m i x t u r e )  a t  -78°C u s in g  m i x t u r e s
3 3 3 3 o f

(3x200cm of 20%, 2xl25cm Of 40%, lx25-cm 75% and lx250cm 100%)

e t h e r  and p e t r o l e u m  e t h e r  as  e l u e n t .  E v a p o r a t i o n  o f  f r a c t i o n  2 gave

only  t o l u e n e  124. Pure  d i e n o l  205 was o b t a i n e d  from t h e  f o u r t h ,  f i f t h

and s i x t t i  f r a c t i o n s .  The l a s t  f r a c t i o n  c o n t a i n e d  a m i x t u r e  o f  54%

c r e s o l  215 ,  28% of  d i e n o l  214 and 18% d i e n o l  205.  D ieno l  205 was
1

c h a r a c t e r i z e d  by NMR 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 .  H-NMR (2 50MHz,

CDCI3, -40°C):6 1.71 (3H, s, CH3), 2.85 (IH, brs, OH), 4.37' (IH, m,

t-H ) ,  6 ;-M O H ,  d d r d j l ' 0 . - 2 Q  a nd , l , . 6 0 H z ,  4-H), 6 .25  (IH, d,  J=10 .2 0H z ,
i  3

5-H),  6.31 ( IH ,  dd,  J = 5 .4 3  and 1.60Hz, 2-H)ppm; C-NMR (62.9MHz,  CDCl3, 
-40°C): 6 22.1 (OH3) 70.5 (C-1), 87.9 (C-6), 118.4 (C-3), 127.9, 127.8
and 126 .2  (C-2 ,  C-4 and C-5)ppm.

In  a n o t h e r  e x p e r im e n t  d i e n e  101, (27.5mg)  was d i s s o l v e d  i n  a

m ix t u r e  o f  CD3 OD-H2 SO4  ( 0 .3m l  of  25% w/w) a t  0°C and t h e  r e a c t i o n  was
1 ■ ,  

m o n i to re d  by H-NMR. A f t e r  45min a t  0°C t h e r e  was 76% unchanged  -diene

101 a lo n g  w i th  24% d i e n o l  205.  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  ambien t

t e m p e r a t u r e  r a p i d  a r o m a t i z a t i o n  took  p l a c e .  A f t e r  45rain t h e  spe c t rum

i n d i c a t e d  50% c r e s o l  215,  31% d i e n o l  205 and 19% unchanged  d i e n e  101.

A f t e r  3h t h e  d i e n e s  had c o m p l e t e l y  a r o m a t i z e d  and t h e  on ly  p r o d u c t
'  .  ISOo b t a i n e d ^ f t e r  b i c a r b o n a t e  work up was c r e s o l  215 mp:80 C ( l i t  80 C);

1 .
H-NMR (250MHz, CDCI3 ) :  6  2 .1 9  (3H, s ,  CH3 ) ,  4 .75  (IH, br  s ,  OH), 6.94

1 3
( IH,  d ,  J= 0 .8H z ,  6 -H ) ,  6 .97  (2H, m, 3 -  and 4-H)ppm; C-NMR (62.9MHz,

i

CDCI3): 6^15.2 (CH3), ll&.l (C-6), 119.5 (C-2), 122.9 (C-5), 123.7
( C - 4 ) ,  132 .0  ( C - 3 ) ,  15,4.5 (C- l )ppm .

7 . 9 . 3  R e a c t i o n s  o f  ( Z ) - 3 - m e t h o x y - 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  ( 1 0 2 ) .  ' ^

The p r o c e d u r e  employed f o r  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  a r e  

s i m i l a r  t o  t h o s e  d e s c r i b e d  f o r  d i e n e  100. The r e s u l t s  a r e  summarized i n
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scheme 4.18.
y

7 . 9 . 4 .  R e a c t i o n 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 l e n e d l m e t h y l  k e t a l  

( 2 2 6 ) .

a )  B o r o n t r l f l u o r i d e  g a s :

Anhydrous BF3 gas  was bubb led  th ro u g h  a s o l u t i o n  o f  d i e n e  226 

(30mg, 1 .4  mmol) i n  CH2 C I 2  (0 .5cm ) w i t h  c o n t i n u o u s  s t i r r i n g  a t  -78°C

f o r  5min. The r e s u l t i n g  s o l u t i o n  was warmed to  ambient  t e m p e r a t u r e  ove r
3

a p e r i o d  o f  30min, t h e n  d i l u t e d  w i t h  CH2 C I 2  (15cm ) and washed w i th
3 1

w a te r  (2xl0cm ) .  The H-NMR sp e c t ru m  of  the  r e s i d u e  a f t e r  r emoval  of  

s o l v e n t  i n d i c a t e d  t h e  p r e s e n c e  of  40% c r e s o l  168 and 60% a n i s o l e  116.

b) Methanol  and c h l o r o f o r m :
3 ■

The d i e n e  226,  i n  a m i x t u r e  of  CD3 OD (0.03cm ) and CDCI3 

“•(O.SOcm ) a r o m a t i z e d  o v e r  a p e r i o d  of  9 days  to  y i e l d  c r e s o l  168 as' 'fiTF 

major  p r o d u c t .  /

7 . 9 . 5  R e a c t i o n s  o f  ( Z ) - 4 - c h l o r o - 3 - m e t h o x y - 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  ( 1 3 0 ) :

. ( a )  .R eac t ion  w i t h  t r i f l u o r o m e t h a n e s u l f o n i c  a c i d :

Diene  130 (30mg, O . l lmmol)  was added to  CF3 SO3 H
3

(0 .5cm ) a t  -78°C and t h e  m i x t u r e  Was s t i r r e d  f o r  Ih ,  d u r i n g  which t ime

th e  t e m p e r a t u r e  was a l l o w e d  to  r i s e  t o  ambient  t e m p e r a t u r e .  The m i x t u r e
3

was d i l u t e d  w i t h  CH2 C I 2  (25cm ) ,  and washed s u c c e s s i v e l y  w i t h  w a te r
3 3 3

( 1 0 cm ) ,  1 0 % aqueous b i c a r b o n a t e  ( 1 0 cm ) and w a te r  ( 1 0 cm ) ,  t h e n  d r i e d
'  1

o v e r  a n h y d ro u s  MgSO^. The H-NMR sp e c t ru m  o f  t h e  r e s i d u e  o b t a i n e d  a f t e r
<7

remova l  o f  t h e  s o l v e n t  i n d i c a t e d  t h e  p r e s e n c e  of  42% 2 - c h l o r o - 4 - m e t h y l - 5 -  

- n i t r o a n i s o l e  ( 2 5 7 ) ,  19% a n i s o l e  115 and 39% c r e s o l  137.
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(b )  R e a c t i o n  w i t h  bo ron t r i f l u o r i d e  gas  I n  m e th y le n e  c h l o r i d e - d ? :
1

BF3 gas  was b u b b l e d  t h r o u g h  a H-NMR s o l u t i o n  of  d i e n e  130
3 1

(30mg) i n  CD2 C I 2  (0 .4cm ) a t  - 7 8 ° C .  The H-NMR spec t rum  of  t h e

. r e s u l t a n t  s o l u t i o n  a t  -60°C a f t e r  lOmin i n d i c a t e d  c o m p le te  d i s a p p e a r a n c e

o f  the  d i e n e  130.  %

S o l v e n t  was e v a p o r a t e d  from t h e  r e a c t i o n  m i x t u r e  by b u b b l in g

n i t r o g e n  gas  and t h e  r e s i d u e  was k e p t  on t h e  vacuum l i n e  f o r  2 h t o
1

remove any r e m a in in g  a c i d .  The H-NMR sp e c t ru m  o f  t h e  r e s i d u e  I n d i c a t e d  

85% of a n i s o l e  257 and 15% o f  c r e s o l  137.
3

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  (25cm ) and t h e  s o l u t i o n

was washed w i t h  10% aqueous  sodium b i c a r ' b o n a t e  s o l u t i o n  (2xI0cm ) .

Rempval o f  e t h e r  a f t e r  d r y i n g  o v e r  MgSO^ gave pu re  257 as  a ye l low
14%,  ̂ . 2  _ 1

solid: mp 92°C (lit 92°C); UV. (C^gCl;^: ^max ̂ ^Snm (e"453 m mol ), ,
279rim (e=625 m mol ); IR (KBr) :  1520 and 1320 (NO2), 1290 (Ar-OCHg), ^

1780 (C-Cl); H-NMR (250MHz, 00013)16 2.54 (3H, s, CH3), 3.96 (3H, s,
i  3

OCH3 ) ,  7 .3 5 . ( 1 H ,  s , 6 - H ) ,  7 . 6 0  ( IH ,  s ,  3-H)ppm; C-NMR (62.9MHz,

, CDCI3): 6g l%.8 (CH3), 56.7 (OCH3), 108.3 (C-6), 126.9 (C-4), 128.2 
( C - 2 ) ,  133.8 ( C - 3 ) ,  147 .5  ( C - $ ) ,  153 .6  (C- l)ppm;  MS (70ev )  m/e ( r e l a t i v e  

intensity): 203(11), 201(31), 186(19), 184(59), 156(28), 154(11),
112(23), 105(31), 91(25), 89(35), 79(25), 77(100); exact mass; found

35
201 .026  ( C a l c u l a t e d  f o r  C8 HQNO3  Cl :  2 0 1 . 0 1 9 ) .

( c )  R e a c t io n  w i t h  b o r o n t r l f l u o r i d e  e t h e r a t e :  ^

Diene 130 (30mg) was added to  a s o l u t i o n  o f  BF3 - E t ^ 3 a t  -20°C

i n  a r e a c t i v i a l  and t h e  m i x t u r e  was s t i r r e d  a t  -20°C f o r  I h .  The

r e a c t i o n  m ix t u r e  was warmed to  ambien t  t e m p e r a t u r e  and f u r t h e r  s t i r r e d  
1

f o r  Ih. The H-NMR o f  t h e  r e s i d u e  i n d i c a t e d  46% a n i s o l e  257,  23% 

a n i s o l e  136 and 31% c r e s o l  137.
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( d )  R e a c t i o n  w i t h  s u l f u r i c  a c i d  In  m e t h a n o l - d ^:

Diene  130 (30mg) was added Co a 25% (w/w) s o l u t i o n  i n
3 . 1

CD3 OD (0.4cm ) s o l u t i o n  i n  m e th a n o l - d ^  c o n t a i n e d  in  a H-NMR t u b e  a t

-20*C and t h e  r e a c t i o n  was m o n i t o re d  by H-NMR. A f t e r  lOmin a t  -20*C 
1

t h e  H-NMR sp e c t ru m  i n d i c a t e d  39% k e t a l  135, 31% d i e n o n e  134 and 30%

u n r e a c t e d  d i e n e  130 was p r e s e n t .  The d i e n e  130 in d  k e t a l  135

d i s a p p e a r e d  a f t e r  6 h a t  -20°C y i e l d i n g  a m i x t u r e  of 95% d i e n o n e  134 and
1

5% c r e s o l  137.  A f t e r  4 days  a t  -20°C t h e  H-NMR s pec t rum  i n d i c a t e d  60% 

d ien o n e  134 and 40% c r e s o l  137.  At t h i s  s t a g e ’

t h e  s o l u t i o n  was k e p t  a t  room t e m p e r a t u r e  f o r  1 d a y ,  t h e n  worked up.
1

The H-NMR sp e c t ru m  of  t h e  r e s i d u e  i n d i c a t e d  t h a t  97% c r e s o l  137 and 3% 

c r e s o l  119 were p r e s e n t .

(e') R e a c t io n  w i t h  t r i f . l u o r o a c e t i c  a c i d :
3

Diene  130 (30mg) was added to  TFA (0.4cm ) c o n t a i n e d  i n  a nmr 
1

t u b e  a t  0°C.  The H-^JMR s p e c t r u m ,  r e c o r d e d  a f t e r  6 min,  i n d i c a t e d  th e

comple te  d i s a p p e a r a n c e  o f  t h e  d i e n e  130.  Removal of  t h e  a c i d  on th e
1

vacuum pump y i e l d e d  a ye l lo w  r e s i d u e .  I n t e g r a t i o n  of  t h e  H-NMR 

spec t rum  i n d i c a t e d  t h a t  50% a n i s o l e  136, 8.5% c r e s o l  137 and 41.3%-..  

a n i s o l e  257 was p r e s e n t .

( f )  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  i n  c h l o r O f o r m - d :

Diene 130 r e a r o m a t i z e d  i n s t a n t a n e o u s l y  a t  0°C i n  v a r y i n g  

m i x t u r e s  of  CDCI3 -TFA t o  y i e l d  t h e  f o l l o w i n g  p r o d u c t s :
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TFA CDCl3 (v:v) ',136 137 257
3 1 44% 17%_ 3#%'
1 1 51% 15% 34% .
1 3 43% 24% 33%

g ) R e a c t l o n s  w i t h  t r i f l u o r o a c e t l c  a c i d  i n  m e t h a n o l - d ^:

The r e a c t i o n  of  d i e n e  130 i n  m i x t u r e s  of  CD^OD and TFA a t  0 ° C
1

was m o n i to re d  by H-NMR and t h e  c o m p o s i t i o n  o f  t h e  r e a c t i o n  m i x t u r e s  a t  

i n t e r v a l s  a r e  g i v e n  below;

TFA CpgOD(v : v)  Time 130 134 135 137

3 1 8 min — ’ 100% - -

3 1 33min - 50% - 5Q%

3 1 4h - - - 100%

1 1 8 min ^5% 89% 3% 3%

1 1 50min - "40%. ' . 60%

1 1 4h - ’  ■ - 100%

1 3 ,45min 30% 47% 6% 17%

1 3 4h - 39% - 61%

1 3 I h ( a m b i e n t ) — 1 - - 100%

( h )  R e a c t i o n s  w i t h  h y d ro g en  c h l o r i d e  gas  i n  e t h e r : i
Anhydrous HCl gas  was bubb led  th r o u g h  a s o l u t i o n  o f  d i e n e  130

3 • 3
(250mg, 0 .95mmol) i n  e t h e p  (5cm ) c o n t a i n e d  i n  a 10cm ‘ two necked,  round

bot tom f l a s k  a t  -78*C f o r  5min. The m i x t u r e  was s lo w ly  warmed to  0°C

o v e r  a p e r i o d  o f  Ih  and e v a p o r a t e d  t o  d r y n e s s  on t h e  vacuum l i n e  a t  0®C.
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The H-NMR s p e c t ru m  o f  t h e  y e l l o w  o i l  i n d i c a t e d  t h e  c o m p o s i t i o n  was 43% 

c r e s o l  137,  .6 % c r e s o l  119 and 51% ( 1 : 1 )  m i x t u r e  o f  two d l a s t e r e o m e r i c  

h yd rogen  c h l o r i d e  a d d u c t s ,

2 , 5 - d i c h l o r o - 4 - m e t h y l - 4 - n i t r o c y c l o h e x a - 2 - e n o n e ,  (258)  and ( 2 5 9 ) .

The m i x t u r e  was s e p a r a t e d  by HPLC on a s i l i c a  column ( S i - 1 0 ,

0.8x50cm) u s i n g  a l i n e a r  g r a d i e n t  e l u t i o n  programme w i t h  m i x t u r e s  o f

hexane-CH 2 C l 2  a s  s o l v e n t .  The c o m p o s i t i o n  o f  t h e  e l u e n t  was c hanged

from 50% hexade-CH 2 C l 2  m ix t u r e  t o  100% CH2 C I 2  o v e r  a p e r i o d  o f  15min and
3 , - 1

kep t  unchanged f o r  2 0 min a t  a c o n s t a n t ' f l o w  r a t e  o f  2 cm .min

4. C r e s o l  137 and a m i x t u r e  o f  c r e s o l s  137 and 119 was c o l l e c t e d

in  t h e  f i r s t  two f r a c t i o n s  (16 .5m in  and 21 .3 m in )  r e s p e c t i v e l y .  F r a c t i o n

3 (26 .3 m in)  c o n t a i n e d  a mi-xture of  85% 258 and 15% c r e s o l  137.  F r a c t i o n

4 (30min)  c o n t a i n e d  95% d i a s t e r e o m e r  259 and 5% c r e s o l  137.

P u re  d i a s t e r e o m e r  258 was o b t a i n e d  a f t e r  two s u c c e s s i v e  HPLC

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

a c o l o r l e s s  o i l  which was c h a r a c t e r i z e d  by NMR. H-NMR (250MHz,

CDCI3 ) :  5 1 .97 (3H, s ,  CB3 ) ,  2 .98  ( IH ,  dd ,  J = 8 .85  and 17.60Hz,

3 . 2 0  ( I H ,  dd ,  J = 4 i 5  and 1 7 . 6 H z ,  6 - H ) ,  5 . 1 1  ( I H ,  ddd,  J = 0 . 6 8 ' ,  4 . 5 0  and
13

8 .80Hz,  5 -H),  7 .0 2  ( IH ,  d, J=0 .68H z ,  3-H)ppm; C-NMR (62.9MHz, CDCI3 ) :

21 .6  (CH3 ) ,  4 3 .8  ( C - 6 ) ,  57 .0  ( C - 5 ) ,  9 0 .4  ( C - 4 ) ,  130 .1  ( C - 2 ) ,  1 3 5 .6u f
( C - 3 ) ,  184.7 ( C - 1 ) .  ■

D i a s t e r e o m e r  259 c r y s t a l l i z e d  from e t h e r - p e t r o l e u m  e t h e r

m ix t u r e  a t  -20°C as  w h i t e  c r y s t a l s .  I t  had mp 99“ G; UV (CH2 C I 2 ) :  X 
2  Ll

2 4 1 . 5nm (e=1235 m mol ); IR (KBr) 3030 (H-C=C), 1705 ( a , 6 - u n s a t u r a t e d
I

C=0),  1560 and 1310 (NO2 ) ,  735 ( C - C l ) ;  H-NMR (250MHz, CDCl3 .): 6  1 .96

(3H, s ,  CH3 ) ,  3 .1 5  (IH ,  dd, J=4 .37  and 17 .60Hz ,  6 -H)’, 3 .34  (IH ,  dd,  

J = 6 .6 7  and 17 .60Hz,  6 ' - H ) ,  4 .7 9  (IH,  ddd ,  J - 4 . 3 7 ,  6 .67  and L.22Hz,  5 -H) ,
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7 .32  (IH,.  d ,  J= 1 .22H z ,  3-H)ppm; C-NMR (62.9MHz, CDClg):^^ 2 4 .8  (CH3 ) ,

, 43 .01  ( C - 6J . ,  5 7 .9  ( C - 5 ) ,  89 .2  ( C - 4 ) ,  135 .6  ( C - 2 ) ,  137 .9  ( C - 3 ) ,  184 .9 *

(C- l)ppm; a n a l y s i s :  C 37.52%, H 2 .65  %, N 6.13% ( C a l c u l a t e d  f o r

’ C7 H7 NO3 C I 2 : C 37.52%, H 3.12%, N 6 .2 5% ) .

C r e s o l  '137 o b t a i n e d  i n  t h e  f i r s t  f r a c t i o n  a s  a y e l lo w  s o l i d

was c r y s t a l l i z e d  from e t h e r - p e t r o l e u m  e t h e r  m i x t u r e s .  I t  had mp 65°C;
» '

(NOg); UV (CHgClg): X 372.6nm (e=415IR (KBr); 3200 (OH), 1538 
2 _ ‘l  ' I

m mol );  H-NMR (250MHz, CDCI3 ) ;  6 : 2 .3 4  (3H, s ,  CH3 ) ,  7 .5 3  (IH ,  d.

J = l . l H z ,  3 -H) ,  7 .8 5  "(IH, d,  J = l . l H z ,  5 -H ) ,  10.85-  ( IE,-  s ,  OH)ppm; • '

^^C-NMR (62.9MHz, CDCI3 ) 6L :  20 .2  (CH3 ) ,  L23.3 ( C - 3 ) ,  124 .2  (C-2)  ,"-129.9

( C - 4 ) ,  134 .3  ( C - 6 ) ,  138 .6  ( C - 5 ) ,  l 4 9 . 6  (C - l )ppm ;  MS (70ev)  m/e ( r e l a t i v e  
3 7  35

i n t e n s i t y )  189(C1 , 2 6 ) ,  187(C1 , 8 2 ) ,  1 4 2 ( 1 1 ) ,  1 1 3 ( 1 6 ) ,  7 8 ( 1 7 ) ,

77‘(100 ) ;  a n a l y s i s  C 44.85%,. II 2.97%, N 7:23% ( C a l c u l a t e d  f o r
35

C7 H6 NO3 Cl :  C 44.82%, H 3.22%, N 7.4&%). ' .
» '

The above  e x p e r im e n t  Was r e p e a t e d  by b u b b l in g  HCl gas  t h ro u g h  

an e t h e r e a l  s o l u t i o n  o f  d i e n e  (250mg, 0.95mmol)  a t  -78°C f o r  5min. The

r e a c t i o n  m i x t u r e  was worked up w i t h  NH^OH a t  -78°C a f t e r  5min s t i r r i n g .
■ Ï

Removal o f  t h e  s o l v e n t  a t  - 4u  C y i e l d e d  a y e l l o w  o i l .  The H-NMR 
* ' ■

s pec t rum  of  t h e  o i l  a t  -40*C i n d i c a t e d  t h a t  30% d i e n o n e ' 134 and 70%

( 1 : 1 )  m i x t u r e  of  258 and 259 were p r e s e n t .  . , t

•7 . 9 . 6  R e a c t i o n s  o f  •' n

( Z ) r 3 - m e t h o x y - 6 - m e t h y l - 2 , 6 - d i n i t r o c y c l o b X x a - 2 , 4 - d i e n y l  a c e t a t e  ( 1 5 1 )  :

. ( a )  R e a c t i o n  I n  t r i f l u o r o m e t h a n e c s u l f o n i c  a c i d :
'  3

Diene  151 (30mg, . .O.l lmmol) was added to  CF3 SO3 H (0 .5cm  ) i n  a 

r e a c t i v i a l  a t  -78®C and t h e  m i x t u r e  was s C i r r e d  f o r  I h ^ d u r i n g  which  t ime 

t h e  t e m p e r a t u r e  was i n c r e a s e d  t o  22°C.  A f t e r  d i l u t i o n  'wi th CHgClg



275 .
' 3  3

(25cm ) t h e  m i x t u r e  was washed w i t h  w a t e r  {10cm ) ,  10% aqueous
3 3

b i c a r b o n a t e  (10cm ) and w a t e r  (lOem ) ,  . then  e v a p o r a t e d  t o  d r y n e s s ,  a f t e r*
1

d r y i n g  o v e r  anh y d ro u s  .h^SOi^. The H-NMR s p e c t r u m  of  t h e  r e s i d u e  i n  

a c e t o n e - d g  i n d i c a t e d  t h e  p r e s e n c e  of  19% a n i s o l e  155,  35.5% c r e s o l  231; 

35% a n i s o l e  116 and 9 .5 % 'c r e s o l  168.

/  ( b )  R e a c t i o n  v>ith b o r o n t r l f l u o r i d e  gas  i n  m e th y le n e  c h l o r i d e :

Anhydrous BFg g ^  was bub b led  th r o u g h  a
3

s o l u t i o n  o f  d i e n e  151 (30mg, O . l lmm ol)  i n  CD2 C I 2  (0 .4cm ) ' c o n t a i n e d  i n  a
1

NMR tu b e  a t  -78  C f o r  5min and t h e  H-NMR sp e c t ru m  o f  t h e  r e a c t i o n
.  2  1

* m i x t u r e  i n d i c a t e d  c o m p l e t e  a r o m a t i z a t i o n  a f t e r , 5 m i n .  The H-NMR

* s p e c t r u m  o f  t h e  r e s i d u e  o b t a i n e d  a f t e r  rem oval  of  t h e  s o l v e n t  and a c i d

a t  ambien t  t e m p e r a t u r e  I n d i c a t e d  a m i x t u r e  of  40% a n i s o l e  155 and 60%

a n i s o l e  116 .  ^

( c )  R e a c t i o n  % ith  n e l t  boron  t r i f l u o r i d e . e t h e r a t e :
3

To a s o l u t i o n  of  B F g .E t 2 0 ( 0 ' 4 cm ) a t  -20  C c o n t a i n e d  i n  a 

r e a c t i v i a l  was added  d i e n e  151 (30mg, O. l lmmol)  and th e  m i x t u r e  was
I /

s t i r r e d  f o r  Ih  a t  - 2 0  C and I h  a t  ambien t  t e m p e r a t u r e .  A f t e r  work up 
1

t h e  H-NMR spe c t rum  o f  t h e  r e s i d u e  i n d i c a t e d  t h a t  39% c r e s o l  231, 4.5%
.

, a n i s o l e  155, 25.5% a n i s o l e  l i b  and 30% c r e s o l  168 were p r e s e n t .

' ( d )  R e a c t i o n  w i t h  a nhyd rous  hyd rogen  c h l o r i d e  gas  a t  -78°C :
« *

■ • "  „ . Anhydrous HCl gas  was b u b b l e d . f o r  5min t h ro u g h  a s o l u t i o n  of
' 3

d i e n e  151 (200mg, O.72mmol) i n  anh y d ro u s  e t h e r ' ( 5 c m  ) ' . c o n ta in e d  i n  ,a.
3

10cm 2 necked round bo t tom  f l a s k  a t  - 7 8 °C .  The m i x t u r e  was g t i r r e d  f o r
3

30min, t h e n  t r a n s f e r r e d  i n t o  e t h e r  (50cm ) a t  - 7 8 ' ’C . ^ A f t e r  low
3' 1

t e m p e r a t u r e  work up w i t h  NH^OH s o l u t i o n ' ( 1 5 c m  , 0.2mol_), t h e  H-NMR 

sp e c t ru m  o f  t h e  r e s i d u e  i n d i c a t e d  a m i x t u r e  o f  c r e s o l s  231 and 168 a lo n g
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w i t h  A - 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 o n e  ( 3 0 5 ) .  Warming t h e  

s o l u t i o n  t o  ambien t  t e m p e r a t u r e  y i e l d e d  o n l y  c r e s o l s  231 a n d ‘ 168.

( e )  R e a c t i o n  w i t h  s u l f u r i c  a c i d  i n  m e t h a n o l - d g :

Diene  151 (30mg) was*added t o  a m i x t u r e  of  HgSO^ (25% w/w) in  
3 1

CH3 OH (0 .4cm ) a t  ^20°C i n  a  H-NMR t u b e  and t h e  r e a c t i o n  was m o n i to re d  
1 ' - 

by H-NMR. Ovej  a  p e r i o d  o f  4 days  t h e r e  was f o r m a t i o n  o f  k e t a l  156 and

d i e n o n e  305,  bu t  u n d i s s o l v e d  d i e n e  however  r e m a in e d ,  so t h e  m i x t p r e  was

warmed to  ambien t  t e m p e r a t u r e .  A f t e r  1 day a t  ambien t  t e m p e r a t u r e ,  t h e
1

s t a r t i n g  d i e n e  had a r o m a t i z e d  a n d , t h e  H-^MR spe c t rum  of  t h e  r e s i d u e  

i n d i c a t e d  a m ix t u r e  o f  73% c r e s o l  231 and 27% c r e s o l  168.

( f )  R e a c t i o n  i n  t r i f l u o r o a c e t l c  a c i d :

1
Diene  151 (30mg, O. l lmmol)  was addecT to TFA (0 .4cm  ) i n  a

H-NMR tu b e  a t  0°C and t h e  r e a c t i o n  was m o n i t o re d  by NMR. A f t e r  5min

di%ne 151 was a b s e n t  and t h e  m i x t u r e  c o n t a i n e d  d i e n o n e  305 a lo n g  w i th

a r o m a t i c  compounds.  The d i e n o n e  305 decomposed a f t e r  15min.  Removal of
$

t h e  s o l v e n t  a f t e r  2h on t h e  vacuum l i n e  gave  25%.a n i s o l e  116, 27% 

a n i s o l e  155 and 48% c r e s o l  231.  '

( g )  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 l c  a c i d ' i n  c h l o r o f o r m - d ;

R e a c t i o n s  of  d i e n e  151 i n  m i x t u r e s  o f  TFA and CDCI3  g'ave t h e  

f o l l o w i n g  p r o d u c t  m i x t u r e s :

TFA CDCl3 ( v : v ) Time ' Temp 116 155 231

3 1 7min 0°C -21% 28% 51%

1 1 2 0 min o*c 23% 2 1 % 56%

1 . 3 SOmin 22°C 2 1 % 17% 62%

(h )  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 l c  a c i d  i p  m e t h a n o l - d ^ :
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The c o m p o s i t i o n  o f  t h ë  r e a c t i o n  m i x t u r e s  -of d i e n e  151 i n  

TFA-CD3 OD i s  g i v e n  a s  f o l l o w s :  jf *

TFA CD3 0 D(v/%2 /  Time Temp 151 156 168 231

3 1  140min 0°C - - 1 0 % 90%

1 1  127min o°e 67% 33% - -

\ 1  4 5 h 22°C - - 25% ' 75%

1 3 120min o°.c - 90% : i o % - -

1 3 . 15h 22°C 40% 30% 5% 25%

1 3 7d 22°C - - 28% 72%

( i )  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  i n  a c e t i c  a n h y d r i d e :
. 3 3'

To a m i x t u r e  o f  TFA (0.2cm ) and a c e t i c  a n h y d r i d e  (0.2cm ) a t

-20°C was added d i e n e  151 (30mg) and t h e  r e a c t i o n  was f o l lo w e d  by
"1 '

H-NMR. A f t e r  lOmin a t  -20°C t h e r e  was a m i x t u r e  of  d i e n e s ” 151 and 150.
no

On warming t h e  m i x t u r e  to  0 C , ^ n o t i c e a b l e  a r q m a t i z a t i o n  o c c u r r e d .  The- 

t e m p e r a t u r e  was f u r t h e r  i n c r e a s e d  t o  ambien t  t e m p e r a t u r e  and a f t e r  45min 

a m i x t u r e  o f  20% c r e s o l  231 ,  20% a n i s o l e  155 and 60% a n i s o l e  116 was 

fa rm ed .
3 ^

The r e a c t i o n  was r e p e a t e d  u s i n g  a c e t i c  a n h y d r i d e - d g  (0 .3cm )
s 3 „ 1 '  ,

and TFA (0 .1cm ) a t  - 4 0  C. The H-NMR spectrum- of  t h e  m i x t u r e  was
* '  ■ . 

p o o r ly  r e s o l v e d  and t h e  r e a c t i o n  was d i s c o n t i n u e d  a f t e , r  no n o t i c e a b l e

change,  i n  t h e  NMR s p e c t r a  a t  -20°C c o u l d ' b e  d e t e c t e d .

The r e a c t i o n  was r e p e a t e d  on a l a r g e r  s c a l e  u s in g  d i e n e  151
3 - - 3

(270mg, Immol) ,  TFA (0 .3cm  ) and a c e t i c  a n h y d r i d e  (0 .9cm ) a t  - 4 0 “C.

The r e a c t i o n  was worked up w i t h  NH^OH a t  -78°C a f t e r  30min of  s t i r r i n g
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.at  -40°C.  The NMR of  t h e , p r o d u c t  m i x t u r e  i n d i c a t e d  17% a n i s o l e  116,  

20.5% k e t a l  156 and 62.5% d i e n e  151 w a s ' p r e s e n t .  The n i t r p c r e s o l s  , 

formed were e x t r a c t e d  i n  t h e  ammonia l a y e r .
é ‘

( 3 )  R e a c t i o n  w i t h  t r i f l u o r o m e t h a n e  s u l f o n i c  a c i d  i n  t h e  p r e s e n c e  o f

p - c h l o r o p h e n o l ;  '•
. . . • 3

T r i f l u o r ô m e t h a n e  s u l f o n i c  a c i d  (0 .2cm  ) was added to  a ,

m i x t u r e  o f  d iene '  151 (27mg, O. lmmol)  and p - c h l o r o p h e n o l  (247)  (13mg,
3 .

O.lmmol) i n  CH2 C I 2  (0 .2cm ) a t  - 78°C .  T h e ^ m ix tu re  was s t i r r e d  f o r  15min

a t  -78°C therwarmed t o  room t e m p e r a t u r e  and s t i r r e d  f ^  a n o t h e r  30min.
3  W  • 3

The m ix t u r e  was d i l u t e d  w i t h  CH2 CI 2  (25cm ) ,  washed w i t h  w a t e r  (10cm ) f
3 3

10% aqueous sodium b i c a r b o n a t e  s o l u t i o n  (10cm ) and w a te r  (10cm ) . .  The
1
H-NMR spec t rum  o f  t h e  r e s i d u e  o b t a i n e d  on removal  o f  s o l v e n t  a f t e r

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

116,  c r e s o l  168' a lo n g  w i t h  u t i r e a c t e d  p - d h l o r o p h e n o l .  I n t e g r a t i o n  o f  t h e
1 * ,

H-NMR spe c t rum  th'e GC a n a l y s i s  of  t h e  m i x t u r e  i n d i c a t e d  t h a t  t h e  m o la r  

p r o p o r t i o n  of  t h e  -compounds Was 1 1 6 : 1 6 8 : 2 4 6 : 2 4 7 x 7 : 1 : 5 . 6 : 2 . 4 .

7 . 9 . 7 :  R e a c t i o n s  of
■
(Z )-3 -m e th o x y -6 ~ tn e th y l -4  , 6 - d l n l t r o c y c l o h e x a - 2 - , 4 - d i e n y l  a c e t a t e  (154 ) :

The p r o c e d u r e  e m p l o y e d ' f o r  t h e  r e a c t i o n s  of  d i e n e  ,154 was 
-*

s i m i l a r  t o  t h o s e - d e s c r i b e d  f o r  d i e n e  151 and t h e  r e s u l t ' d  a r e  d e s c r i b e d  

i n  scheme 4.19' .

/

7 . 9 . 8  R e a c t i o n  o f  4 - m e t h y l - 2 > 6 - d i n i t c o a n i s o l e  w i t h  t r i f l u o r o r o e t h a n e - 

s u l f o n i t  a c i d :
?  " • • 3

. • A n i s o l e  155 (3Qmg, 13  mmol) was, added to  CF3 S0 3 H( 0 . 5 c r a ')

c o o le d  t o  -78*C.  The m i x t u r e  was s t i r r e d  f o r  Ih  d u r i n g  which  t ime  t h e

4
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m ix t u r e  was a l l o w e d  t o  warm up to  ambient  t q p p e r a t u r e .  The m i x t u r e  was
3 '  3

d i l u t e d  w i t h  CH2 C I 2  (25cm ) and washed w i t h  w a t e r  (10cm ) ,  10% aqueous
J  3  -  1

b i c a r b o n a t e  s o l u t i o n  (10cm ) and w a t e r  (10cm ) .  The H-NMR s p e c t r u m  o f

t h e  r e s i d u e  a f t e r  remova l  o f  s o l v e n t  a f t e r  JVying  ove r  anhydrous  MgSO^ 

i n d i c a t e d  t h e  p r e s e n c e  o f  42% c r e s o l  23T and 58% u n r e a c t e d  a n i s o l e  155.

7 . 9 . 9  R e a c t i o n s  o f  5 - X - 2 - 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 s  
<

[187 ,  188,  196 and 1 9 1 ] .
I ^The r e s u l t s  o b t a i n e d  from t h e  r e a c t i o n s  of a l l  f o u r  d i e n e s

(
have been d i s c u s s e d  i n  s e c t i o n  4 . 2 . 2 .  The d e s c r i p t i o n  of  t h e  r e a c t i o n s

o f  d i e n e  187 i s  i n c l u d e d  below to  e x e m p l i f y  t h e  g e n e r a l  e x p e r i m e n t a l

/p r o c e d u r e  e m p l o y e d ( f o r  t h e s e  r e a c t i o n s .  '

R e a c t i o n s  o f  ( Z ) - 5 - c h l o r o - 2 - m e t h y l - 6 - n b 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  

■ L87:
'  V

( a )  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 l c  a c i d :

Diene  187 (23mg, Immol.) was d i s s o l v e d  i n  TFA (0 .3cm  > a t  0“ C

and th e  d e c o m p o s i t i o n  o f  t h e  d i e n e  was m o n i t o r e d  by H-NMR. No

n o t i c e a b l e  r e a c t i o n  was o b s e rv e d  a t  0°C f o r  lOmin.  On' warming t h e
*

r e a c t i o n  m i x t u r e  i n  t h e  p robe  t o  ambien t  t e m p e r a t u r e  t h e ^

d i e n e  decomposed ( T i y 2 *8 min) t o  a m i x t u r e  o f  a c e t a t e '  186 and t o l u e n e

122.  The r e a c t i o n  was worked up w i t h  sodium b i c a r b o n a t e  a f t e r  24h a t
1

a mbien t  t e m p e r a t u r e .  The H-NMR s p e c t r u m  o f  t h e  m i x t u r e  i n d i c a t e d  th e  

p r e s e n c e  of  54% a c e t a t e  186 and 46% t o l u e n e  122.

( b )  R e a c t i o n  w i t h  t r i f  iuo rom e thaneC suTfq j i i c  a c i d  :
3

On d i s s o l v i n g  d i e n e  187 (23mg) i n  Cp3 S0 3 H( 0 .3cm ) a t  0°C,
■ 1 " . 

t h e r e  was i n s t a n t a n e o u s  c o l o u r  change  and t h e  H-NMR spec t rum  o f  t h e

r e a c t i o n  m i x t u r e  a t  0°C i n d i c a t e d  c o m p l e t e . a r o m a t i z a t i o n  t o  t o l u e n e
I

1221 A f t e r  b i c a r b o n a t e  work up t h e  H-NMR spe c t rum  o f  t h e  p r o d u c t
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m ix tu re  i n d i c a t e d  t h e  p r e s e n c e  of  t o l u e n e  1 2 2  as  the  on ly  p r o d u c t . ,
* '  ‘ ‘( c )  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  i n  m e th a n o l :

3
D iene  187 (23mg) was added  to  a m i x t u r e  of  TFA (0.075cm ) and

/  3
CD3 OD‘ ( 0 .225cm ) a t  0°C and t h e  d e c o m p o s i t i o n  was m o n i t o re d  by NMR. ^  

A f t e f  lOmin a t  0°C t h e r e  was no n o t i c e a b l e  c h a n g e .  .The  m i x t u r e  was 

warmed t o  ambien t  t e m p e r a t u r e .  A f t e r  3h,  t h e r e  was 10% t o l u e n e  122 and

90% unchanged  d i e g e .  The d i e n e  c o m p l e t e l y  a r o m a t i z e d  a f t e r  48h.  The
1 '

H-NMR.spectrum of  t h e  m i x t u r e  o b t a i n e d  a f t e r  work up i n d i c a t e d  th e  

p r e s e n c e  of  t o l u e n e  1 2 2  a s  t h e  o n ly  p r o d u c t .

(d) .  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 l c  a c i d  i n  CDCI3 :
3

D iene  187 (24mg) decomposed i n  a m ix t u r e  of  TFA ( 0 .0 7  5cm )
3 ' - , -

and CDCI3  ( 0 . 2 2 5 c m , )  a t  am b ien t  t e m p e r a t u r e  ( T i / 2 "3 h) o v e r  a p e r i o d  of
I

10 days t o  a c e t a t e  186 as  t h e  on ly  p r o d u c t  a s  d e t e r m i n e d  by H-'NMR.

( e )  R e a c t i o n  w i t h  p y r l d i n e - d q :
I

D iene  102 (1 9 .5 m g ) ,  decomposed i n s t a n t a n e o u s l y  i n  t h e
3

p r e s e n c e  of  p y r l d i n e - d g  (0.3cm ) a t  0°C.  Removal o f  p y r i d i n e  from a 
 ̂ 3 '

d i l u t e d  e t h e r  (10cm ) s o l u t i o n  by wash ing  w i t h  1:1 HCl anjd e v a p o r a t i o n  

of'  e t h e r  gave t o l u e n e  1 2 2  as  t h e  o n l y  p r o d u c t .

7 . 9 . 1 0  R e a c t i o n s  o f  3 - c b l o r o - 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 ‘ 

c h l o r i d e  (2 0 1 ) :  - •

( a )  R e a c t i o n  w i t h  t r i f l u o r o m e t h a n e  s u l f o n i c  a c i d :: 5 : • 3

D ie ne  201 (30mg, 0.14mraol) was d i s s o l v e d  in  CFgSOgHKO'Scm.)
• I  ■

a t  0°C and t h e  H-NMR spec t rum  o f  t h e  r e a c t i o n  m i x t u r e  r e c o r d e d

i n s t a n t a n e o u s l y  I n d i c a t e d  c om plé té  a r o m a t i z a t i o n .  A f t e r  work up w i t h
1

sodium b i c a r b o n a t e ,  t h e  H-NMR s p e c t r u m  and t h e  GC-MS of  t h e ‘ p ro d u c t ,  

m ix t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  64% t o l u e n e  121 (m/e 171 ,173)  and 36%
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2 , 4 - d l c h l o r o t o l u e h e  - ( 2 0 9 )  ( m / e :  1 6 0 , 1 6 2 ) . •

( b )  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 l c  a c i d :  '
3 '

Diene  201 (30mg) was d i s s o l v e d  in  TFA (0.3cm ) a t  0°C and t h e
i 1

r e a c t i o n  was m o n i to re d  by H-NMR. A f t e r  30min a t  0°C t h e  H-NMR

s p e c t r u m  of  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  35% t o l u e n e

121,  19% t o l u e n e  209 and 46% u n r e a c t e d  d i e n e  201 .  The m i x t u r e  was
1

a l lo w e d  to  warm to  ambien t  t e m p e r a t u r e .  ' A f t e r  c o m p l e t i o n  t h e  H-NMR 

sp e c t r u m  of  t h e  m ix t u r e  i n d i c a t e d  t h a t  a m i x t u r e  of  63% to l^(^ne 121 and 

37% t o l u e n e  209 was formed.  •

7 . 9 . 1 1  R e a c t i o n s  o f  ( Z ) - 3 - b r o m o - 6 - m e t h y l - 6 - n l t r o c y c l o h e x a - 2 , 4 - d ^ l e n y I  

c h l o r i d e  209:

( a )  R e a c t i o n  w i t h  t r i f l u o r o m e t h a n e  s u l f o n i c  a c i d :  ̂ . -  - -     —

Diene 200 (15mg,0.06mmol)  a r o m a t i z e d  i n s t a n t a n e o u s l y  i n  a 
3 - 1

s o l u t i o n  of CF3 SO3 H (0 .3cm ) a t  0°C.  The H-NMR:spectrum and t h e  GC-MS 

o f  t h e  p r o d u c t  m i x t u r e  o b t a i n e d  a f t e r  b i c a r b o g a t e  work up I n d i c a t e d  the  

p r e s e n c e  of 37.5% 2 - c h l o r o - 4 - b r o m o t o l u e n e  (207)  (m/e 2 0 4 ,2 0 6 ,2 0 8 )  and 

62.5% t o l u e n e  123 (m/e 2 1 5 , 2 1 7 ) .

(b )  R e a c t i o n  w i t h  t r i f l u p 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 :

Diene  200 (15m&) was d i s s o l v e d  i n  a m i x t u r e  of  CDCI3

3 ' 3 . ,
(0 .225cm ) and TFA (0.75cm ) 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

NMR. There  was n o - ' n o t i c e a b l e  change  a f t e r  20min a t  0°C so t h e ' r e a c t i o n

m i x t u r e  was warmed t o  am bien t  t e m p e r a t u r e .  A f t e r  12h t h e  d i e n e
1 .

a r o m a t i z e d  c o m p l e t e l y .  The H-NMR spe c t rum  and th e  GC-MS of  t h e  p ro d u c t

m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  35% t o l u e n e  207 (m/e 2 0 8 ,2 0 6 ,2 0 4 )  and 

65% t o l u e n e  123 (m/e 2 1 5 ,2 1 7 ) .

/
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7 .1 0  R e a c t i o n s  o f  D ie ne s  w i t h  N u c l e o p h i l e s ^

7 . 1 0 . 1  R e a c t i o n s  of  ( Z ) - 3 - c h l o r o - 6 - m e t h y l - 6 - n l t r o c y c l o h e x a - 2 , A - d l e n y l  

a c e t a t e  ( 1 0 0 )

( a )  R e a c t i o n  w i t h  aqueous  m e t h a n o l :

D iene  100, (30arg) was s t i r r e d  o v e r n i g h t  i n  a m i x t u r e  o f  
3 3 .

CH3 OH (2cm ) and w a t e r  (2cm ) a t  ambien t  t e m p e r a t u r e .  The m i x t u r e  was

c o n c e n t r a t e d  on th e  r o t o r v a p o r ,  t h e n  s a t u r a t e d  w i t h  NaCl and e x t r a c t e d
3 1 .

w i t h  e t h e r  (2xlOcm ) .  The H-NMR ^ e c t r u m  of  t h e  r e s i d u e  a f t e ^

e v a p o r a t i o n  o f  e t h e r  i n d i c a t e d  th e  p r e s e n c e  o f  30% u n r e a c t e d  d i e n e

100, 61% c r e s y l  a c e t a t e  186 and 9% t o l u e n e  122.

(b )  R e a c t i o n  w i t h  aqueous  m e t h a n o l i c  sodium a c e t a t e :

Diene 100, ( 0 . 7 g ,  3.0mmol) was s t i r r e d  in  a m i x t u r e  of  
3 3

CH3 OH (4cm ) and w a t e r  (1cm ) c o n t a i n i n g  sodium a c e t a t e  ( 0 . 5 g ,  6 . Immol)

a t  am b ien t  t e m p e r a t u r e  f o r  54h.  The r e a c t i o n  m i x t u r e  a f t e r  work up
I

y i e l d e d  a r e s i d u e  o f  0 . 5 5 g .  The H-NMR sp e c t ru m  and t h e  GCMS i n d i c a t e d  

t h e  p r e s e n c e  of  8 8 % a c e t a t e  186,  (m/e 184,  186)  and 12% t o l u e n e  122, 

(m/e 171, 173 ) .  T h i s  m i x t u r e  was s e p a r a t e d  by column ch rom ato graphy  on 

s i l i c a  g e l  ( 6 5 g ) .  E l u t i o n  w i t h  2% e t h e r  -  p e t r o l e u m  e t h e r  gave pure  

t o l u e n e  122. The. i n i t i a l  f r a c t i o n  w i t h  5% e t h e r  -  p e t r o l e u m  e t h e r  gave 

m i x t u r e s  o f  t o l u e n e  122 and a c e t a t e  186. Pu re  a c e t a t é  186 was o b t a i n e d  

a s  a  c o l o u r l e s s  o i l  i n  t h e  l a t e r  5’. e t h e r  f r a c t i o n s .  .The  a c e t a t e  186 ■

' ' , u ,  . .  -,
c r y s t a l l i z e d  a t  -20°C and had mp: 25r28°C ( l i t  27-28°C) ;  H-NMR

(250MHz,'CDCl 3 ).: 6 2 .14  (3H, s, OCOCH3 ) ,  2 .32  (3H, s, 2- Œ 3), 7 .04 (IH,
13s, 6 - H ) ,  7 .14  (2H, s, 4-H and 5-H)ppm; .C-NMR (62.9MHz, CDCI3 ) :  6_

15 .7  (CH3 ) ,  20 .6  (OCOCH3 ) ,  122.4 (C^6 ) ,  126.1 ( C - 4 ) ,  128.7 ( C - 2 ) ,  131.7 

( C - 3 ) ,  M 3 . 8  ( C - 5 ) ,  149 .6  ( C - 1 ) ,  168.6
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( 0 £ 0 CH3 )ppnj; MS (eV). nVe ( r e l a t i v e  i n t e n s i t y ) :  1 8 6 ( 9 ) ,  1 8 4 (1 9 ) ,  1 4 4 ( 3 3 ) ,  

1 4 3 ( 1 3 ) ,  142 (1 0 0 ) ,  1 4 1 ( 1 1 ) ,  1 0 7 ( 8 7 ) ,  7 7 ( 4 4 ) .

( c )  R e a c t i o n  w i t h  p o t a s s i u m  c y a n i d e  i n  p r e s e n c e  o f  18 -c row n-6 :
,

Diene 100,  (30mg) was added t o  a s o l u t i o n  o f  p o t a s s iu m

c y a n id e  (12mg, O.lSmmol) and 18-crown-6  (45mg, 0 .18nunol)  i n  CD3 CN
3

(0 .3cm ) a t  0®C and t h e  r e a c t i o n  was monitored by NMR. .The  s low

f o r m a t i o n  o f  c r e s o l  213 was o b s e r v e d .  The m i x t u r e  was.warmed to  ambien t
1

t e m p e r a t u r e  and t h e  H-NMR spe c t rum  o f  t h e  r e s i d u e  a f t e r  work,, up •

i n d i c a t e d . t h e  p r e s e n c e  of  c r e s o l  213 as t h e  m ajo r  p ro d u c t .^

, ( d )  R e a c t i o n  with- sodium t h i o p h e p o x i d e :

Sodium t h i o p h e n o x i d e  was p r e p a r e d  by r e f l u x i n g  t h i o p h e n o l  •
3

( 6 g,  0 .0545mol)  w i t h  sodium p i e c e s  ( 2 . 1 g , . 0  9mol)  i n  t o l u e n e  (50cm ) f o r

30min. Removal o f  t o l u e n e  on t h e  r o t o C v a p o r  y i e l d e d  sod£um ^

t h i o p h e n o x i d e  ( 8 g ,  0 .048mol)  a s  a w h i t e  powder .

Diene 100, (30mg) was s t i r r e d  f o r  15h w i t h  sodium
3

t h i o p h e n o x i d e  (30mg, O.24mmol) i n  a c e t o n i t r i l e  (0 .3cm  ) a t  ambient
1 ■ '  

t e m p e r a t u r e .  The H-NMR spec t rum  and GC-MS o f  t h e  r e s i d u e  a f t e r  work up

i n d i c a t e d  t h e  p r e s e n c e  of  a c e t a t e  186, (m/e 184,  186) and d i p h e n y l

d i s u l f i d e  (m/e 217,  218) a s  t h e  on ly  p r o d u c t s .

7 . 1 0 . 2  R e a c t i o n s  o f  Z - 3 - c h l o r o - 6 - m e t h y l - 6 - n i | r o c y c l o h e x a - 2 , 4 - d i e n y 1 

c h l o r i d e  ( 2 0 1 )

( a )  With aqueous  m e t h a n o l :

' Diene 201,  (27mg, O. lmmol) was added t o  a  m i x t u r e  o f  m e thano l
3 ^ 3

(1cm ) and w a te r  (0 .5cm  ) a t  ambien t  t e m p e r a t u r e  and th e  m ix t u r e  was
1 ' ' ■ 

. s t i r r e d  f o r  12h. The H-NMR sp e c t ru m  and t h e  GCMS of  t h e  r e s i d u e

i n d i c a t e d  t h e  p r e s e n c e  o f  12% t o l u e n e  111,  (m/e 1 2 6 , 1 2 8 ) ,  38%

5 - c h l o r o - o - c r e s y l  m e thy l  e t h e r  256,  (m/e 156 ,158  RT 1 9 .1 m ln ) ,  26%

n i t r o c r e s o l  168, (m/e 1 3 3 ) ,  20% c r e s o l  213 ,  (m/e 142 ,144 )  and 4% t o l u e n e
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• 122, (m/e 171,173)

( b )  R e a c t i o n  w i t h  p o t a s s i u m  c y a n i d e :

J l i e n e  201 ,  (50mg, O. lSmmol) was added to  à  m i x t u r e  o f

p o ta s s iu m  c y a n id e  (15mg, 0.22mmol) and 18 -c row n-6  (55mg, 0.22mmol)  i n  
3 . ' ' • ;

CH3 CN (2cm ) a t  am b ien t  t e m p é r a t u r e  and t h e  m i x t u r e  was s t i r r e d  f o r  4h.
.1

The H-NMR spe c t rum  of  t h e  m i x t u r e  i n d i c a t e d  t o l u e n e  209 and c r e s o l  
'

213 as  t h e  m ajo r  pf roducts .  The GC-MS i n d i c a t e d  t h e  p r e s e n c e  o f  q o lu e n e  

209,.. (m/e 1 6 0 ,1 6 2 ) ,  c r e s o l  213,  (&/e 1 4 2 , 1 4 4 ) ,  alon& w i t h  t r a c e s  o f  

c r e s o l  168, (m/e 1 5 3 ) ,  t o l u e n e  111,  (,m/e . 126 ,128 ) ,  t o l u e n e  122, (m/e; ‘ 

171,  173) and a n o t h e r  compound (m/e 151 ,153 )  which was a s s i g n e d  t o

5 - c h l o r o - 2 - m e t h y l ' - b e n z o n i t r i l e  ( 2 7 8 ) .  ‘ ^

( c )  R e a c t i o n  w i t h  sodium th lo p h e n o x id e <

A m i x t u r e  o f  d i e n e  (201 ,  30mg) and sodium t h i o p h e n o x i d e

(Z9mg, 0.22mmol) i n  a c e t o n i t r i l e  w a s ^ s t i r r e d  f o r  15h a t  ambient
1

t e m p e r a t u r e . ’ The H-NMR spe c t rum  and GC-MS o f  t h e  c o l o r l e s s  o i l  a f t e r  

work up i n d i c a t e d  t h e  p r e s e n c e  of  t o l u e n e  209 ,  %m/e 160 ,162 )  and 

d i p h e n y l d i s u l f i d e  (m/e 2 1 8 ,2 1 9 ) .

(d )  R e a c t i o n  w i t h  p o t a s s i u m  a c e t a t e  i n  a c e t i c  a c i d :

Diene  201,  (25mg,• 0.12mmol) was added to  an i c e  c o l d  s o l u t i o n
3

o f  p o t a s s iu m  a c e t a t e  (19.7mg,  0.24mmol) i n  a c e t i c  a c id  (0.3cm ) and th e  

m ix t u r e  was s t i r r e d  a t  0°C f o r  3h .  A f t e r  work up w i th  aqueous ammonium 

h y d r o x id e  q t  -78°C ,  Only unr-eac ted  d i e n e  201 was r e c o v e r e d .

( e )  R e a c t i o n  w i t h  s i l v e r  a c e t a t e :

D iene  (201 ,  30mg) was, added to  a m i x t u r e  of  s i l v e r  a c e t a t e
3

(26.6mg,  0.22mmol) and a c e t i c  a n h y d r i d e  (0 .3cm ) a t  ambien t  t e m p e r a t u r e

and s t i r r e d  f o r  15h.  Excess  s i l v e r  was p r e c i p i t a t e d  by add ing  sodium

c h l o r i d e  and  f i l t r a t i o n  and t h e  f i l t r a t e  was Worked u p , w i t h  ammonium
1

h y d r o x i d e  q t  -7 8  C. The H-NMR sp e c t ru m  o f  t h e  r e s i d u e  i n d i c a t e d  t h e

I
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p r e s e n c e  o f  6 8 % t o l u e n e  121, 9% c r e s o l  168 and 5% t o l u e n e  209 and 18% 

d i e n e  lOO. ' -j

( f )  R e a c t i o n  w i t h  s i l v e r  c y a n i d e :

Diene  201 ,  (30mg) was s t i r r e d  i n  a m i x t u r e  of  s i l v e r  c y a n i d e
3 ' .

(3%mg, 0.29mmol) and a c e t o n i t r i l e  (0 .5cm ) a t  ambien t  t e m p e r a t u r e  f o r
1 .

15h.  A f t e r  work up t h e  H-NMR sp e c t ru m  o f  t h e  r e s i d u e  i n d i c a t e d  

u n r e a c t e d  d i e n e , 2 0 1 .

(g )  R e a c t i o n  w i t h  s i l v e r  n i t r a t e  i n  m e t h a n o l :
3

A s o l u t i o n  o f  s i l v e r  n l r a t e  ( 1 .Û 2 ^ ,6 1 mmol) In  CH3 OH (50cm )

was added dropwlsf i  o v e r  a p e r i o d  o f  30mln t o  a s o l u t i o n  o f  d i e n e  (201 ,

0.7g^Wmmol) a t  0°C. The r e s u l t a n t  s o l u t i o n  was s t i r r e d  f o r  I . 5 h ,  t h e n

s a t u r a t e d  w i t h  sodium c h l o r i d e  and f i l t e r e d  a t  - 78°C .  The f i l t r a t e  was
1

c o n c e n t r a t e d  on t h e  r o t o v a p o r  a t  -30  C. The H-NMR spec t rum  o f  t h e
*

r e s i d u e  i n d i c a t e d  t h e  p r e s e n c e  of  36% ( Z ) - 3 - c h l o r o - 6 - r a e t h y l - 6  " 

- n l t r o c y c l o h e x a - 2 , 4 - d l e n y l  m e thy l  e t h e r  (202)  and 63% dlerione 56.

The m i x t u r e  was s e p a r a t e d  by ch ro m a to g ra p h y  on an a lu m in a

column (8 7 g , ‘ n e u t r a l  3% aqueous)  a t  , -78°C u s i n g  m i x t u r e s  of p e n ta n e  as
3 ' 3 3 3

e lu e n t ) ( 2 x 2 0 0 c m  10%, 2x200cm 25%, 4xl00cm 40%, 4xl00cm 50%).

E v a p o r a t i o n  o f  f r a c t i o n  4 a t  -40°C y i e l d e d  50% a n l s o l e  256 and 50%

t o l u e n e  122.  F r a c t i o n  5 c o n t a i n e d  40% t o l u e n e  122 and 60% d i e n e  204.

Pure  d i e n e  204 was e l u t e d  in  f r a c t i o n s  6 , 7 and 8 . L a t e r  f r a c t i o n s  
*

c o n t a i n i n g  m ain ly  c r e s o l  168 were d i s c a r d e d .  Diene  204 was ^

c h a r a c t e r i z e d  In s o l u t i o n  by NMR w i t h  f u r t h e r  p u r i f i c a t i o n .
1
H-NMR (250MHz, CDCI3 , -4U°C) 6 : 1 .7 3  (3H, s ,  CH3 ) ,  3 .3 4  (3H% s ,  OCH3 ) ,

,4.07. ( IH ,  dd;  J= 5 .67  and 1.55Hz,  1 -H) ,  5 .99  (IH ,  dd,  J - ( 0 . 2 0  and

1.87Hz,  4 -H ) ,  6 .1 6  ( IH ,  dd ,  J=5 .67  and 1 .8 7Hz ,  2 -H ) ,  6 .48  (IH ,  dd ,
13J-10.20 and 1.55Hz,, 5-E)ppm; C-NMR (62.9MHz, CDCI3 , ' - 2 0 “C) 5 23 .2

(CH 3 ) ,  57 .6  (OCH3 ) ,  77 .7  ( C - 1 ) ,  88 .7  (C-,6 ) , 118 .8  ( C - 2 ) ,  125 .7  ( C - 4 ) ,
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130.0 (C-5), 132.3 (C-3) ppm. * .

( h )  M é t h y l a t i o n  o f  ( Z ) - 3 - c h i o r o - 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 l e n o l  

( 2 0 4 ) :

Moist* s i l v e r  oxiî’de was p r e p a r e d  by a d d in g  a s o l u t i o n  o f
•  ̂ ■ 3

aqueous  sod ium *hydrox ide  (3cm , 15mmol) t o  a s o l u t i o n  o f  s i l v e r  n i t r a t e
3

( 1 . 6 g ,  O.Ammol) i n  w a t e r  (5cm ) .  The r e s u l t a n t  s o l u t i o n  was shaken
.

v i g o r o u s l y  and t h e  brown p r e c i p l a t e  o b t a i n e d  by f i l t r a t i o n  was washed
■ 3

w i t h  w a t e r  (3x l0cm ) and f i l t e r e d  on t h e  pump ( 1 5m in ) .

A m i x t u r e  c o n t a i n i n g  6 6 % d i e n o l  204 , '  (lOOmg) was added  t o  
"3

m ethy l  i o d i d e  (2cm ) a t  -78*C.  F j e s h l y  p r e p a r e d  s i l v e r  o x i d e  (~500mg) 

was added to  t h i s  s o l u t i o n  and, s t i r r e d  f o r  2 0 0 min,  d u r ing ,  which t h e

t e m p e r a t u r e  was a l l o w e d  t o  r i s e  t o  am t r i e n t .  The m i x t u r e  was f i l t e r e d
. 3 1

and t h e  r e s i d u e  was washed w i t h  CH2 CI 2  (25cm ) .  The H-NMR s p e c t r u m  of

^ t h e ' r e s i d u a l  o i l  o b t a i n e d  on remova l  o f  s o l v e n t  an ambien t  t e m p e r a t u r e

i n d i c a t e d  th e  p r e s e n c e  o f  35% d i e n e  202 ,  25% t o l u e n e  122fand 40% c r e s o l

213 and a n i s o l é  256 .  - ' .

7 . 1 0 . 3  R e a c t i o n s  o f  3 - c h l o r o - 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
i '

b romide  (225)

( a )  R e a c t i o n  w i t h  p o t a s s iu m  c y a n i d e  :

Diene  225,  (25mg, O.lmmol) was added to  a  m i x t u r e  of  KCN
3

(33mg, O.Smmol) and CH3 CN (1 .0cm ) a t  am b ien t  t e m p e r a t u r e  and s t i r r e d  '
• '  1 '  

f o r  15h .  The H-NMR\ spec t rum  o f  t h e  r e s i d u e  i n d i c a t e ^

2 - b r o m o - 4 - c h l o r o t o l u e n e  a s  t h e  o n l y  p r o d u c t .

( b )  R e a c t i o n  w i t h  sodium m ethox ide  ■’ i n  m e t h a n o l ;  >

A s o l u t i o n  of  sodium m ethox ide  (50mg, 1..2mmol) i n  m e th a n o l
3

(5cm ) was added t o  a s o l u t i o n  of  d i e n e  225,  (lOOmg, 0.4mmol) i n
3

m ethano l  (5cm ) a t  - 7 8 “C and tn% "m ix tu re  was s t i r r e d  f o r  20min, t h e n  

warmed t o  0°C o v e r  a p e r i o d  o f  I h ,  A f t e r  work up t h e  on ly  p r o d u c t
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o b t a i n e d  w a s ■ 2 - b r o m o - 4 - c h l o r o t o l u e n e .  ‘ ‘

7 . 1 0 . 4  R e a c t i o n s  o f  ( Z ) - 3 - b r o r o o - 6 - - m e t h y J . - 6 - n l t r o c y c l o h e x a - 2 , 4 - d i e n y l
tJ » - *

a c e t a t e  ( 1 0 1 ) .  - ■ .

( a )  R e a c t i o n  w i t h  aqueb^us m ë th a n d l  i n  p r e s ê n c e t o f  sodium a c e t a t e ;^  — I
Dieppe 101, (540mg, 2mmol) was'-added t o  a s o l u t i o n  o f  sodium

t  3 '  . 3
a c e t a t e  (270mg,. 2.4mmol) i n  m e t h a n o l  (10cm ) and wa te r (5cm  ) and th e

m ix t u r e  was s t i r r e d  a t  am b ien t  t e m p e r a t u r e  f o r  2‘4h. A f t e r  work up ,  t h e  
1 ■ -  ,
H-NMR spect rum of  t h e  p a l e  y e l lo w  o i l  i d n i c a t e d  t h e  p r e s e n c e  of  37%

a c e t a t e  193, 8 % t o l u e n e  124 and 55% u n r e a c t e d  d i e n e  1 0 1 . . .

The r e s i d u e  was d i s s o l v e d  i n  a s o l u t i o n  o f . s o d i u m  a c e t a t e  in

methano l  and s t i r r p d  f o r  6  days  a t  ambien t  t e m p e r a t u r e .  A f t e r  work up à

m i x t u r e  o f  80% a c e t a t e  192 and 20% t o l u e n e  124 was o b t a i n e d .
»

The m i x t u r e  (400mg) was separoted by ch ro m a tog raphy  on s i l i c a  

g e l  (65g)  u s in g  m i x t u r e s  o f  e t h e r  and p e t r o l e u m  e t h e r  a s  e l u e n t .  Pur^
"  y  y

t o l u e n e  (124)  was e l u t e d  wiEh 100% p e t r o l e u m  e t h e r :  H-NMR (250MHz,

CDCI3 ) :  5 2 .33  (3H, s ,  CH3 ) ,  7 .13  (IH ,  dd ,  J= 8 . 3  and 1 .4  Hz, 6 - H ) ,  7-.33
1 3

( IH ,  d ,  J= 8 .3H z ,  5 -H ) ,  7 .5 9  ( IH ,  d , J=1 .4Hz ,  2-H);  C-NMR (62.9MHz,  

CDCI3 ) :  5 19 .6  (CH3 ) 12 2 .9  ( C - 4 ) ,  124 .8  ( C - 2 ) ,  130 .5  ( C - 5 ) ,  132 .9

( C - 6 ) ,  137.3 ( C - 1 ) ,  146.'7 ( C - 3 ) .

Pu re  a c e t a t e  193 was o b t a i n e d  a s  a c o l o u r l e s s  o i l  i n  t h e  

l a t e r  f r a c t i o n s  w i t h  100% p e t r o l e u m  e t h e r  and w i th  1% e t h e r  and 99%

p e t r o l e u m  e t h e r  s o l u t i o n .  IR ( n e a t ) :  1770 and 1310 (OCOCH3 );
2 - 1  2 - 1 1  

ÜV (CH2 C I 2 ) :  X 276 (e=672 m mol ) 267nm (e-835m mol ) ;  H-NMR

(250MHz, CDCI3 ) :  2 .0 5  (3H,  s ,  OCOCH3 ) , , 2 .2 4  ._(-3H, s ,  CH3 ) ,  7 .0 2  (IH ,  d,^

J=8 .4Hz ,  3 -H ) ,  7 .1 2  (IH ,  d ,  J= 2 .0 H z ,  6 - H ) ,  7 .20  (IH,  d d , ‘ J = 8 . 4  and 
13

2.0Hz,  4-H); ' C-NMR (62.9MHz,  CDCI3 ) :  .15.8 XCH3 ) ,  2 0 .6  (OCOCH3 ) ,

119.2 ( C - 5 ) ,  125.3 ( C - 6 ) ,  129.1 ( C - 4 ) ,  129 .3  ( C - 2 ) ,  132.1 ( C - 3 ) ,  149.3 
■ r

( C - 1 ) ,  168.6 (OCOCH3 ) ;  MS (70eV),  m/e ( r e l a t i v e  I n t e n s i t y ) :  2 3 0 ( 2 2 ) ,  

2 2 8 ( 2 3 ) ,  , 1 8 8 ( 9 4 ) ,  1 8 6 ( 1 0 0 ) ,  1 0 7 ( 7 6 ) ,  7 8 ( 3 0 ) ,  77(-28);
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*'{b) R e a c t i o n  w i t h  aqueous  m e th a n o l :
--------------------------------------------------  ' : ,, . - 3

A s o l u t i o n  o f  d i e n e  101,  (54mg, 0 .2mmol) i h  a CH’̂ pH (3cm )
3 ' ^

:  and w a t e r  (2cm ) m i x t u r e  was s t i r r e d  a t  a m b ie n t  t e m p e r a t u r e  f o r  24h.

The \ -N M R spectrum'  of  t h e  o i l  obtained* a f t e r  work up i n d i c a t e d  t h e

p r e s e n c e  o f  57% a c e t a t e  193,  20% o f  t o l u e n e  124 and 23% o f  u n r e a ô t e d

dierfe  101. The m i x t u r e  was s t i r r e d  i n  aqueous  m e t h a n o l  f o r  a n o t h e r  48h.

The ^H-NMR spe c t rum  o f  t h e  o i l  o b t a i n e d  a f t e r  work up i n d i c a t e d  6 '6 %

a c e t a t e  193,  24% t o l u e n e  124 and 10% un reac t ' ed  d i e n e  101.

7.10.5 Reaction of Z-3-bromo-6-mett^l-6-nitrocyclohexa-2,4-dienyl 

chloride (200)

( a )  With m e t h a n o l i c  s i l v e r  n i t r a t e :

A s o l u t i o n  o f  d i e n e  (200,  1 5 1 . 8mg, O.ômmol) i n  m ethano l
'3

(lOcm ) was added d r o p w i s e  t o  a s t i r r e d  s o l u t i o n  of  s i l v e r  n i t r a t e
3 ' ^

(306mg', O.lSmmol) i n  m e th a n o l  (3cm ) ,  c o o l e d  i n  an i c e  b a t h ,  and th e
1

m i x t u r e  was s t i r r e d  a t  C°C f o r  2h.  The H-NMR s p e c t r u m  of  t h e  r e s i d u a l  

o i l  i n d i c a t e d  t h e  p r e s e n c e  of  63%

3 -bronfo- 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  m e th y l  e t h e r  (203)  and 37%
r ' '

d i en o n e  56.

/  The d i e n t f  a f t e r  s e p a r a t i o n  on an a lu m in a  column a t  - 7 8 ° 0 ,  was

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

p u r i f i d e a t i o n . ,  H-NMR (250MHz, CDCI3 , —40°C) 6 ; 1 .7 0  (3H, s ,  CH3 ) ,  3 .32

(3H, s ,  OCH3 ) ,  3 . 9 6  ( l H ,d d ,  J = 5 .1 5  and 1 .70Hz,  1-H) ,  6 .0 6  ( IH ,  dd ,

J= 10 .2$  and 1 .50Hz,  4 -H ) ,  6 .3 6  ( l H , d d ,  J = 1 0 .2 5  and 1 .70Hz ,  5-H) 6 .38
13 .

( lH , d d ,  J=5 .15 .  and 1 .50Hz,  2-H),ppm; C-NMR (62.9MHz,  CDCI3 , -40°-C) 6 ^:

22 .3  (CH3 ) ,  56 .6  (OCH3 ) ,  7 7 .6  ( C - 1 ) ,  79 .9  ( C - 6 ) , 120. 2  ( C - 3 ) ,  U 2 . 2  ^

( C - 2 ) ,  126.7 ( C - 4 ) ,  128.9 (C-5)  ppm.
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7.10.6 Reaction o'f (Z)-3-methoxy-6-methyl-6-nitroeyclohexa-2,4-dlenyl

acetate (102) with nycieophlles:

( a )  w i t h  n e a t  m e th a n o l :
3

Diene  102,  (30mg) was d i s s o l v e d  i n  m e th a n o l - d ^  (0.3cm ) a t  

0°C and t h e  d é c o m p o s i t i o n  was m o n i t d r i e d  by ^H-NMR. A f t e r  30min a t  0®C 

t h e  H-NMR spe c t rum  show e d .20% d i e n o n e  56 a l o n g  w i th  80% u n r e a c t e d  d i e n e  

102. When t h e  r e a c t i o n  m ix t u r e  was warmed t o  ambient  t e m p e r a t u r e  t h e  

d i e n o n e  decomposed t o  c r e s o l  168,  and some k e t a l . 2 2 6  was de te c te d , .

A f t e r  2 days  a t  ambien t  t e m p e r a t u r e  t h e  r e a c t i o n  m ix t u r e  c o n ta i n e d  

main ly  c r e ç o l  168.

(b )  With aqueous  m e th a n o l  i n  p r e s e n c e  o f  sodium a c e t a t e :
.

Diene 102 ,  (30mg) was added t o  a c l e a r  s o l u t i o n  o f  sodium
^  3 3

a c e t a t e  ( 2 2 mg, 0.26mmol)  i n  m e tha no l  ( 2 cm ) and w a te r  ( 1 cm ) a t  ambien t
' . 1

t e m p e r a t u r e  and t h e  m i x t u r e  was s t i r r e d  f o r  15h .  The H-NMR spec t rum  o f
* f

t h e  r e s i d u e  a f t e r  work up i n d i c a t e d  49% k e t a l  226,  45% c r e s o l  168 and 6 %- 

a n i s o l e  112.  T h i s  e x p e r i m e n t  was r e p e a t e d  w i t h o u t  any w a t e r ,  and 

d e c r e a s i n g  t h e  s t i r r i n g  t ime  to  2 . 5 h .  The p r o d u c t s  c o n s i s t e d  of  40% 

c r e s o l  168 and 60% k e t a l  226.
'

( c )  With m e t h a n o l i c  sodium m eth o x id e :

Anhydrous  sodium me&hoxide (6.7mg,  0 .15mmol) was added t o  a
3 ,  ‘ '

s o l u t i o n  o f  d i e n e  102,  (30mg) i n  m e th a n o l  (0 .3cm  ) c o o le d  to  -78°C,'  and

t h e  m i x t u r e  was warmed t o  room t e m p e r a t u r e  o v e r  a p e r i o d  o f  I h .
1 ‘ .

The H-NMR sp e c t ru m  of  t h e  r e s i d u e  a f t e r  work up i n d i c a t e d  t h e  p r e s e n c e

of  85% c r e s o l  (168)  and 15% a n i s o l e  ( 1 1 2 ) .

( e )  With aqueous  m e t h a n o l :
' 3

Diene  102,  (3_0rag) was s t i r r e d  i n  a m i x t u r e  of  m e th a n o l  (1cm )
3 . 1

and w a t e r  (0 .5 cm  ) a t  a m b ie n t  t e m p e r a t u r e  f o r  5h.  The H-NMR spec t rum
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of  t h e  p r o d u c t  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  o f  m a in ly  c r e s o l  168 a l o n g  

w i t h  some p*-cresol  ( 2 1 9 ) .  ^

( f )  With aqueous  m e tha pp l  i n  p r e s e n c e  o f

t r i s C hydroxym ethy lX am inom ethane :  ■ ,

Diene. 102, '  (30mg^ %was s t i r r e d  f o r  15h a t  ambient  t e m p e r a t u r e
3

i n  a s o l u t i o n  ofTRIZMA ( 3 i .5 m g ,  0.26mmol) i n  m e th a n o l  (2cm ) and w a t e r  

( Icm ) .  A f t e r  work up ,  t h $  NMR spectftum of  t h e  p r o d u c t  m i x t u r e  

i n d i c a t e d  t h e  p r e s e n c e  p f ; 80%- k e t a l  226 and 2 0 % c r e s o l  168.

(g )  R e a c t i o n  w i t h  m ë t h a n o l ' i n  p r e s e n c e  o f  N , N - d i i s o p r o p y l : e t h y l a m i n e ;

Diene  102 , ‘ (454mg, 1.98mmol) was d i s s o l v e d  in  a m e t h a n o l i c  .
3

s o l u t i o n  (5cm ) o f  N^NrUikCA (5I6mg,  4mmol) and t h e  m i x t u r e  was a t i r r e d

a t  ambien t  t e m p e r a t u r e  f o r  3h. The m i x t u r e  was d i l u t e d  w i th  C H 1 2

3  ,  ' '  3  1
(50cm ') anji washed w i t h  w a t e r  (3xl5cm ) .  The H-NMR spec t rum  o f  t h e

p ro d u c t  a f t e r  work up i n d i c a t e d  t h a t  i t  was pu re  k e t a l  226. .  T h i s '  sample

was used f o r  c h a r a c t e r i z a t i o n :  UV (CH2 C I 2 ) :  277nm

(e=7.7m mol );  IR: { g e a t^  NaCl p e l l e t s ) ’ 1545 and 1370 (NO2 ) 1105 (OHe),

 ̂H-NMR (2 50MHz, ,CDC13 ;  5; 1 .77  (3H, '  s , ’ CH3 ) , 3 . 2 6  (3H, s ,  OCH3 ) ,  3 .2 9

(3H, s ,  OCH3 ) ,  6 . 1 0  (2 H ,v d ,~ J = 1 0 .5 H z ,  2-H and 6 - H ) ,  6 .35  (2H, d,
1 3

J=10 .5Hz ,  3 -H 'a nd  ,5-H)ppm; C-NMR (62.9MHz, CDCl3 ) .,ôç 26 .9  (CH3 ) ,  49 .7

(OCH3 ) ,  50^4 (OCH3 I ,  83 .7  ( C - 4 ) ,  9 2 .8  ( C - 1 ) ,  1 2 9 .8 .  (C-2 and C- 6 ) , ,

130.4 (C-3 and C-5)ppm. . A n a l y s i s  C 53.73%, H 6.56%; N 7.20%
* '  '  

( C a l c u l a t e d  f o r  CgHj 3 N0 i,: C 54.27%, H 6.57%, N 7 .03% ).  '

( h )  R e a c t i p n  w i t h  apueous  m ethano l  i n  t h e  p r e s e n c e  o f  sodium 

p e r c h l o r a t e :  <

Diene  102 /  (30mgs) was d i s s o l v e d  i n  a s o l u t i o n  of  NaClO^
■ ’ • I - .

(22.4mg,  .026m‘moi)  i n  aqueous m e th a n o l  and t h e  m i x t u r e  was s t i r r e d  f o r
1 <•' .

1 5 h . \  A f t e r  work up ,  t h e  H-NMR s p e c t r u m  o f  t h e  m i x t u r e  i n d i c a t e d  c r e s o l  
« ''

168 was t h e  o n l y  p r o d u c t .
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(1)'Reaction with potassium iodide:

D lenç  102, (30mg) was added t o  a s o l u t i o n  o f  p o t a s s i u m  i o d i d e

( 1 1 5 . 5 m g , ' 0 .65nunol) and sodium a c e t a t e  (22mg, O.65mmol) In  a c e t o n i t r i l e
3 3 \  ^

( 2 cm ) and w a t e r  ( 1 cm ) and t h e  m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  ambien t
1 '  

t e m p e r a t u r e .  The*' H-NMR sp e c t ru m  o f  t h e  p r o d u c t  m i x t u r e  i n d i c a t e d  t h e

p r e s e n c e  o f  90%,c r e s o l ' 168 and 10% 219 .
- * "

^ j )  R e a c t i o n  w i t h  p o t a s s i u m  t h i o c y a n a t e , :

Diene  102, (30mg) was s t i r r e d  o v e r n i g h t  w i th  a s o l u t i o n  of
3

p o t a s s i u m  t h i o c y a n a t e  (6Zmg, O.65mmol) i n  a c e t o n i t r i l e  (2cm ) and w a t e r
3, ' '

(1cm ) .  A f t e r ' w o r k  up t h e  NMR s p e c t r u m  o f  t h e  p ro d u c t  m i x t u r e  i n d i c a t e d

t h e  p r e s e n c e  o f  81% c r e s o l  168 and 19% c r e s o l  219.

( k )  R e a c t i o n  w i t h  sodium n i t r i t e :

D iene  f o 2 ,  (30mg) was s t i r r e d  o v e r n i g h t  i n  a s o l u t i o n  of

sodium n i t r i t e  (45mg, O.65mraol) and sodium a c e t a t e  (22mg, 0 . 2 6 m m o l ) . i n
3 3

a c e t o n i t r i l e  (2cm ) and w a t e r  (1cm ) .  A f t e r  work up,  t h e  NMR spec t rum

of  t h e  p r o d u c t  m ix t u r e  i n d i c a t e d  72% a n i s o l e  (120)^and  28% c r e s o l
>

168 .

, ■ When t h e  above r e a c t i o n  was r e p e a t e d  i n  t h e  p r e s e n c e  of

N,W-DIPÈA (33.5mg, '  0.26mmol) in ,  p l a c e  of  sodium a c e t a t e ,  t h e  p r o d u c t

m i x t u r e  c o n t a i n e d  80% a n i s o l e  120,  10% c r e s o l  168 and 10% c r e s o l  219.
.

( 1 )  R e a c t i o n  w i t h  p o t a s s i u m  f l u o r i d e :

Diene  102, (30mg), was s t i r r e d  o v e r n i g h t  i n  a s o l u t i o n  o f

p o t a s s i u m  f l u o r i d e  (37.7mg,  0 .6 5m m ol ) ,  NNDIPEA (33.5mg,  O.26mmol) and
3

18-c row nr6  ( 1 7 1 . 6mg, O.65mmol) i n  a c e t o n i t r i l e  (0 .5cm ) .  A f t e r  work up

u n r ^ a c t e d ' d i e n e  was . o b t a i n e d .  When t h e  r e a c t i o n  was r e p e a t e d  w i t h  w a t e r  
'3

(0 .5cm ) 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 ,  po r e a c t i o n  o c c u r r e d  a f t e r  48h 

s t i r r i n g  a t  ambient  t e m p e r a t u r e  and u n r e a c t e d  d i e n e  ( 1 0 ^  was 

r e c o v e r e d .

(m) R e a c t i o n  w i t h  i s o p r o p a n o l :  f
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 ̂ ' , #
Diene 102,  (30mg) was s t i r r e d  o v e r n i g h t  i n  a m i x t u r e  of

3
NNDIPEA (33.5mg,  O.25mmol) and i s o p r o p a n o l  (2cm ) .  A f t e r  work up

unchanged d i e n e  was r e c o v e r 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  w i t h  w a t e r  
3

(0 .5cm ) p r e s e n t  i n  t h e  s y s t e m ,  t h e  p r o d u c t  m i x t u r e  c o n t a i n e d  48% c r e $ o l

( 1 6 8 ) ,  29% c r e s o l  (219)  and 24^ o f  a mi”x t u r e  o f  (Z)  and ,

( E ) - l - i s o p r o p o x y - l - m e t h o x y - 4 - m e t h y l - 4 - n l t r o c y c l o h e x a - 2 y 5 - d i e n e  (289)
1  .
H-NMR (CDCI3 , 90MHz):5 1.14. ( 6 H, d,  J=7Hz, 0 - C H - ( C ^ ) 2 ) ,  1 .72  (3H, s ,  

CH3 ) ,  3 .25  ( IH ,  s p r t e t ,  0-CH) ,  3 .22  (OCH3 ) 6 .05  (2H, d , J=10 .50H z ,  2-H 

and 6 -H)-, 6 .27 '  (d ,  J= 1 0 .5 0 H z ,  3-H and 5-H)ppm. No a t t e m p t s  were made to  

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

( n )  R e a c t i o n  w i t h  p o t a s s i u m  c y a n i d e :

D iene  102, ( 0 . 9 0 8 g ,  3.96mmol) was s t i r r e d  o v e r n i g h t  i n  a

s o l u t i o n  o f  . p o t a s s i u m  c y a n id e  ( . 8 8 g, 1 6 ramol), NNDIFEÀ ( 1 .0 3 2 g ,  8 mmo1)
3 „3 '  - *1

i n  a c e t o n i t r i l e  (20cm ) and w a t e r  (10cm ) .  T h e H -N M R  sp e c t ru m  of  t h e
\

o i l  o b t a i n e d  a f t e r  work up i n d i c a t e d  t h e  p r e s e n c e  o f  58%

( E ) - l - c y a n o - 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 e  ( 2 8 7 ) ,  30% of

t h e  Z - d i a s t e r e o m e r  (286)  a lo n g  w i t h  12% of  a r o m a t i c  p r o d u c t s .

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  o f  t h i s  m i x t u r e  f rom e t h e r - p e t r o l e u r a  e t h e r

mixture* a t  -20°C y i e l d e d  pu re  287.  which was c h a r a c t e r i z e d  a f t e r
2 - 1

p u r i f i c a t i o n ,  mp: 44®C; UV (CH2 C I 2 ) :  293nm (e=10.5m mol ) IR:

(KBr d i s c ) .  1545 and 137G (N o^ ) ,  1087 (OCH3 ) ;  ^H-NMR (250MHz, CDCI3 )

5: 1 .81  (3H, s ,  CH3 )', 3 .34  (3H, s ,  OCH3 ) ,  6 .15  (2H, d ,  J=' l0.2Hz,- 2-H and
13

6 - H ) ,  6 . 5  (2-H ,  d,  J= 1 0 .2 H z ,  3-H and 5-H)ppm; C-NMR (250MHz, CDCI3 )

6 : 26 .9  (CH3 ) ,  52 .6  (OCH3 ) ,  66.5 ( C - 1 ) ,  8 2 .6  (C-4), 116 .6  (ON), 1 2 6 .3

(C-2 and C - 6 ) ,  131 .6  (C-3 and C-5)ppm; A n a l y s i s :  C 55.72%, H 5.19%, N 

14:38%, ( C a l c u l a t e d  f o r  C9H 3 0 N2 O3 C 55.66%, H 5.19%, N 14.42%).  The 

mother  l i q u o r  was t h e n  s g .p q r a t e d  by s e m i p r e p a r a t i v e  HPLC
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o n . a  CN-10 column u s i n g  l i n e a r  g r a d i e n t  e l u t i o n  w i t h  hexane '  and CH2 C1 2 *

The s o l v e n t  c o m p o s i t i o n  was changed  from 50% CH2 C I 2  -  hexane  t o  100%

CH2 CI2  o ^ e r  a p e r i o d  o r  75min w i t h  a f low r a t e  o f  4 m l /m in .  A f t e r  17min

d i e n e  287 was e l u t e d ,  f o l l o w e d  by 286 28min, and c y a n o c r e s o l  288 was

e l u t e d  a f t e r  32min.  The p r o d u c t s  were c h a r a c t e r i z e d  w i t h o u t  f u r t h e r  ^
2 - 1

p u r i f i c a t i o n .  Diene  286 : UV (CH2 C I 2 ) :  280nm (e=20m mol )., IR

( n e a t ) :  1545 and 1375 (NOg), 1080 (OCH3 ); H-NMR.C250MHz, CDCI3 ) 6 : 1 .80

(3H, s ,  CH]) , 3 .41  (3H, s ,  OCH3 ) ,  6 .20  (2H, d ,  J?10.15Hz, 2-H and 6 - H ) ,
136.5 (2H, d, J=10 .15Hz ,  3-H and 5-H)ppm; C-NMR (62.9MHz, CDCI3 ) ,  26.7

(CH3), 52.6 (OCH])^ 66.5 (C-1), 82.6 (C-4), 116.6 (CN), 126.3 (C?2 an#
C- 6 ) ,  131.4 (C-3 and C-b)ppm; A n a l y s i s  C 55.59%, H 5.21%,' N 14.06%,
( C a l c u l a t e d  f o r  CgHigNgD]: C 55.66%, H 5 . 1 9 % , #  14 .42%).

(o )  R e a c t i o n  w i t h  i s o b u t y l t a m i n e :

Diene  102, (227mg, O.lmmol) was added to  a s o l t u i o n  of
3

i s o b u t y l c a m i n e  (365mg, 0.5mmol)  i n  a c e t o n i t r i l e  (10cm ) and w a t e r  
3 "(20cm ) and t h e  m i x t u r e  was s t i r r e d  o v e r n i g h t .  The r e a c t i o n  m i x t u r e  was

3 3
d i l u t e d  w i t h  m e th y le n e  c h l o r i d e  (50cm ) and washed w i t h  w a t e r  ( 3 x 1 5cm ) .

Removal o f  m e th y le n e  c h l o r i d e  on t h e  r o t o i v a p o r  y i e l d e d  a red  o i l .  The
1
H-NMR spec t rum  o f  t h e  o i l  i n d i c a t e d  t h a t  t h e  c o m p o s i t i o n  was 40% 

N - i s o b u t y l - p - t o l u i d i n e  ( 2 9 0 ) ,  60% N - i s o b u t y l - 2 - n i t r o - p - t o l u i d i n e  (291)

and minor  amounts  o f  o t h e r  a r o m a t i c  p r o d u c t s .  ' p
3

The r e s i d u e  was d i s s o l v e d  i n  CH2 C I 2  (50cm ) and e x t r a c t e d
3

w i t h  h y d r o c h l o r i c  a c i d  (3x l5cm , IN ) .  The o r g a n i c  l a y e r  was washed w i th  
3

w a te r  ( 2 0 cm ) ,  t h e  d r i e d  o v e r  anhyd rous  magnesium s u l f a t e  and e v a p o r a t e d  

t o  d r y n e s s .  The H-NMR s p e c t t u m  o f  t h i s  d a r k  r e d  r e s i d u e  i n d i c a t e d  t h e  

c o m p o s i t i o n  as  m a in ly  n i t r o t o l u l d i n e  291 a l o n g  w i t h  j o t h e r  a r o m a t i c s .  

A t t em p ts  to  s e p a r a t e  t h i s  mix tu ' re  by TLC f a i l e d  a l t h o u g h  v a r i o u s
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s o l v e n t s  ( p e t r o l e u m  e t h e r ,  e t h e r - p e t r o l e u r a  e t h e r  m i x t u r e s ,  be nz ene ,

m e th y le n e  d h l o r l d e )  were u s e d .  Column c h ro m a to g ra p h y  on s i l i c a  g e l

u s in g  p e t r o l e u m  e t h e r  as  e l u e n t  gave m i x t u r e s  e n r i c h e d  i n  n i t r o t o l u l d i n e

291 i n  t h e ' e a r l y  f r a c t i o n s .  S i m i l a r  r e s u l t s  were o b t a i n e d  w i t ^  5%

e t h e r - p e t r o l e u m  e t h e r  and 100%^ e t h e r  s o l u t i o n s  a s  e l u e n t s .  G r a d ie n t

e l u t i o n  (5x5Gcm of  100% p e t r o l e û m  e t h e r ,  2% e the r -98%  p e t r o l e u m  e t h e r

s o l u t i o n s )  gdve s iU r i l à r  r e s u l t s .  The n i t r o t o l u l d i n e  was c h a r a c t e r i z e d  
1

i n  t h e  m i x t u r e :  H-NMR (250MHz, CDCI3 ) ,  5 1 .04  ( 6 H, d,  J = 6 . 6 Hz,

CH-(CHj)2), 1.99 ( IH ,  m, CH(CH3 ) 2 ) ,  2 .25  (3H, s ,  Ar-CH3 ) ,  3 .10  (2H, dd ,

J=6 .40  and 5 .40Hz,  CH?) , 6 .7 6  ( l H , . d ,  J=8 .70H z ,  1 -H) ,  7 .24  (IH, dd,

J = 8 .7 0  and l .OOHz, 5 -H) ,  7 .97  (IH,  d, J=1 .00H z ,  3 -H) ,  8 .0 8  (IH,  br  s ,
13

N-U)ppm; C-NMR (62.9MHz,  CDCI3 ) :  5 1 9 .9  (Ar-CH3 ) ,  20 .4  (CHÇCH?)?),

2 8 . 0  ( C H ) ,  5 0 . 8  ( C H g ) ,  1 1 3 . 8  ( C - 6 ) ,  1 2 4 . 5  ( C - 4 ) ,  1 2 6 . 1  (C-3), 1 3 0 . 0

(C - 2 ) ,  137.6 ( C - 5 ) ,  144.1 (C- l)pgm;  GCMS ( C l - m e th a n e )  o f  t h i s  f r a c t i o n

i n d i c a t e d  t h a t  t h e  m o l e c u l a r  w e ig h t  o f  t h i s  compound i s  208 .  The o t h e r
1

f r a c t i o n s  were e n r i c h e d  i n  a n o t h e r  a r o m a t i c  which  had mass 163; H-NMR 

(250MHz, CbgClz ) :  6  0 .8 1  ( 6 H, d, J=6 .80Hz ,  CH-(CH3 ) 2 ) ,  1.93 ( IH, m, CH), 

2.39*(3H, s ,  Ar-CHg), 3 .8 8  (2H, d ,  J=7 .60Hz ,  CH^), 7 .2 8  (-2H, d, 

J = 9 .9 0 H z ) ,  7 .3 5  (2H, d ,  J = 9 .9 0 H z ) ;  The s t r u c t u r e  o f  t h i s  compound cou ld  

not  be a s s i g n e d .

The o r i g i n a l  a,cid e x t r a c t s  were combined and n e u t r a l i z e d  w i t h
3

sodium h y d r o x id e  s o l u t i o n  and e x t r a c t e d  w i t h  CH2 CI 2  (3x20cm ) .  Removal

o f  s o l v e n t  a f t e r  d r y i n g  o v e r  anhydrous  magnesium s u l f a t e  gave pu re

t o l u i d i n e  (290 ,  80mg) . IR ( n e a t ) :  3420 and 1620 (N-H),  2960 (C-H); UV
2 _ 1  2 - 1 1  

(CH2 C I 2 ) :  303nm (e=318 m mol ) ,  250nm (e=984 m mol ) ;  H-NMR

(250MHz, CDCI3 ) :  6  0 .9 7  ( 6 H, d, J=6 .70Hz,  CH-(CH3 ) 2 ) 1 - 8 7  (IH, m, CH),

2 .23  (3H, s ,  Ar-CH3 ) ,  2 . 9 0  (2H, d ,  J=4 .70Hz ,  NCHg), 6.53 (2H, d.
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J=8.50Hz ,  2-H and 6 - H ) ,  6 .97  (2H, d,  J= 8 .50H z ,  3-H and 5-H)ppm; C-NMR

(62.9MHz, CDCI3): 6̂  19-7 (CH3), 20.3 (CH-fCHjg);,), 28.1 (CM), 52.3 
(CHg), 112 .9  (C-2 and C- 6 ) ,  126.2 ( C - 4 ) ,  129 .7  (C-5 and C - 3 ) ,  146.4 
(C -1 ) ;  MS (70eV),  m/e ( r e l a t i v e  i n t e n s i t y ) :  1 6 2 ( 1 2 ) ,  119(100), 90(18); 
a n a l y s i s :  c a l c u l a t e d  f o r  C i jH ig N , :  C 81.42%, H 9.94%, N 8.63%; ( fo u n d :

C 81.21%, H 9.99%, N 8.19%).
(p )  R e a c t i o n  w i t h  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e :

A s o l u t i o n  of  2 , 4 - d i n i t r o p h ^ y l h y d r a z i n e  was p r e p a r e d  by

d i s s o l v i n g  t h e  h y d r a z i n e  ( 0 .2 5 g ,  1.25mmol) i n  c o n c e n t r a t e d  s u l f u r i c  a c i d
3 ' 3

(1 .25cm ) .  T h i s  s o l u t i o n  was then  added t o  a m i x t u r e  of  w a t e r  (1 .75cm )
3

and 95% e t h a n o l  ( 6 cm ) .  A s o l u t i o n  of  d i e n e  102,  (114mg, O.Smmol) i n
' 3

95% e t h a n o l  (1 .25cm ) was added d r o p w ise  t o  t h e  a c i d i c  2 , 4 - d i n i t r o p h e n y l -  

h y d r a z i n e  s o l u t i o n .  W itn in  a m in u te  r e d  c r y s t a l s  began  t o  form. A f t e r  

r e c r y s t a l l i z a t i o n  from h o t  e t h a n o l  pure

2 , 4 - d i n i t r o p h e n y l - 4. ' - m e th y la z o b e n z e n e  277 , (153mg, 92% y i e l d )  was 

o b t a i n e d  as  d a r k  r ed  n e e d l e s :  rap 134-6  °C ( l i t  135-136  *C); H-NMR 

(250MHz, CDCI3): 6 2.47 (3H, s, CH3), 7.36 (2H, d, J=8.40Hz, 2' and 
6'-H), 7.81 (1H\ d, J=8.80Hz, 6-H), 7.87 (2H, d, J=#.40Hz, 3' and 5'-H),
8.51 (IH,  dd,  J = 8 .8 0  and 2.40Hz,  5-H) ,  8 .8 0  (IH ,  d ,  J=2 .40Hz ,  3-H)ppm,
7 .1 0 .7  R e a c t i o n s  o f  ( Z ) - 4 - c h l o r o - 3 - m e t h o x y - 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  ( 1 3 0 ) :

( a )  R e a c t i o n  w i t h  m e tha no l  i n  t h e  p r e s e n c e  o f  sodium a c e t a t e :

Diene (130 ,  350mg, 1.35mmol) was added t o  a p r e v i o u s l y
3

s t i r r e d  s o l u t i o n  o f  sodium a c e t a t e  (282mg, 2 . 8 mmol) i n  m ethano l  ( 1 2 cm )
,  3

and w a t e r  ( 6 cm ) .  The m i x t u r e  was s t i r r e d  a t  ambien t  t e m p e r a t u r e  f o r  2

d a y s .  Methanol  was removed on the  r o t o v a p o r  a t  20°C and th e  r e s i d u e  was
3 3

d i s s o l v e d  i n  e t h e r  (50cm ) ,  washed w i t h  w a t e r  (2x20cro ) ,  d r i e d  o v e r

anhydrous  magnesium s u l f a t e ,  and e v a p o r a t e d  to  d r y n e s s  to  y i e l d  a brown?
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oil. The ^H-NMR sp e c t ru m  of  t h i s  o i l  i n d i c a f e d  t h e  p r e s e n c e  o f  17% 

4 - c h I o r o - 5 - m e t h o x y - o - c r e s y l  a c e t a t e - ( 2 9 2 ) ,  21% c r e s o l  .137, 5% a n i s o l e  

and 48% k e t a l  (135)  were p r e s e n t .  '

C r e s o l  137 was removed 'from t h e  m i x t u r e  by wash ing  t h e  e t h e r  
3

s o l u t i o n  (50cm ) of  t h e  r e s i d u e  w i t h  1 0 % aqueous  b i c a r b o n a t e  s o l u t i o n
3 •

(2x20cm ) .  Removal of  e t h e r  a t  room t e m p e r a t u r e  y i e l d e d  a ye l low  o i l  

(140mg) c o n t a i n i n g  5% a n i s o l e  136,. '66% k e t a l  135 and 29% a c e t a t e  292.

The m i x t u r e  was s e p a r a t e d  by HPLC on a n i t r i l e  column (CN-10,

0.8x50cm) u s i n g  l i n e a r  g r a d i e n t  e l u t i o n .  The c o m p o s i t i o n  o f  t h e « l u e n t
3

was changed from 100% hexane  (2.5cm /m in )  t o  100% m eth y le n e  c h l o r i d e  

(4cm /m in )  o v e r  a p e r i o d  o f  t w t ^ t y  m i n u t e s .  The f i r s t  f r a c t i o n  (21min) 

\ y i e l d e d  pu re  a c e t a t e  292 fo l lo w e d  by a n i s o l e  136 in  the  second f r a c t i o n  

( 2 3m in ) .  Pu re  k e t a l  135 was o b t a i n e d  in t h e  t h i r d  f r a c t i o n  (25m in ) .

A c e t a t e  292 was c r y s t a l l i z e d  from e t h e r - p e t r o l e u m  e t h e r

m ix t u r e  a s  a y e l l o w  s o l i d ;  mp: 44®C; UV (CH2 C I 2 ) :  2 8 0 . 9nm
2 - 1  ’  2 - 1  

(e=417m mol ) ,  287 .5  (e=346m mol ..); IR ( n e a t )  1765 (OCOCHg), 1134

(OCH3); ^H-NMR (250MHz, CDCI3) 2.08 (3H, s, OCOCHj), 2.32 (3H, s, CH3),
3.85 (3H, s, OCH3), 6.62 (IH, ), 7.22 (IH, s,^H )ppm;
13 ■ • ’C-NMR (62.9MHz, CDCI3). 15.2 (OCOCHj), 20.7 (CH3), 56.4 (OCHj), 106.8
(C-6), 119.6 (C-4), 122.9 (C-2), 131.8 (C-3), 148.3 (C-l)%;163.7 (C-5),
168.0 (OCOCH3 ); MS (70eV),  m/e ( r e l a t i v e  i n t e n s i t y )  2 1 4 ( 1 4 ) ,  1 7 4 ( 3 3 ) ,

172(100), 137(26), 129(18), 77(23): analysis C 55.60%, H 5.28%;
( c a l c u l a t e d  for C 1 0 H 1 1 O 3 CI C 55.95%, H 5.16%)

K e t a l  136, ( y e l l o w  o i l )  was c h a r a c t e r i z e d  as  such:  UV (CH2 C I 2 ) :
2 1

279.7 (c=53m mol” );  IR ( n e a t )  1552 and 1350 (NOg). 1065 and 109&
I ^ ^

(OCH3 ) ;  • H-NMR (25&iHz, CDCI3): 6 J . . 7 5  (3H, s ,  CH}), 3.21 (3F ,  s ,  OCH3),
3 .2  (3H, s, OCH3 ) ,  6.01 ( IH ,  d, J =10 .30Hz ,kH ) ,  6 .46  ( IH ,  dd*, J = 2 .5 0
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and 10.30H&), 6 .5 8  (IH ,  d ,  J= 2 .50H z ,  H-3)ppm; C-NMR (62.9MHz, CDCl ,) ;
\

6 26.7 (CH3), 51:0 (OCH3), 51.6 (OCH3), 65.8 (C-1), 86.4 (C-4), 130.1 
(C-6 and C-3), 131 .9  ( C - 5 ) ,  13 6 .8  (CrZ)ppm; A n a l y s i s :  C 46.80%, H 

5.05%, N 5.54% ( c a l c u l a t e d  f o r  CgHigNO^Cl C 46.66%, H 5.17%, N 5 .99% ) .

(b)  r e a c t i o n  w i t h  m e tha no l  i n  t h e  p r e s e n c e  o f  NNDIPEA:'

Diene 130,  (54mg, 0 .2mmol)  was added to  a m i x t u r e  of  m e thano l
3 3 '

(2cm ) ,  w a te r  (1cm ) and N ,N - d i i s o p r o p y l a m i n e  (51.6mg,  0.4mmol) and

s t i r r e d  f o r  one day a t  ambien t  t e m p e r a t u r e .  Methanol  was removed on t h e
3

r o t o v a p o r  and t h e  r e s i d u e  was d i s s o l v e d  i n  e t n e r  (30cm ) ,  washed w i t h
3

w a te r  (2xlOcm ) and e v a p o r a t e d  t o  d r y n e s s  a f t e r  d r y z i n g  o v e r  anhyd rous
1

magnesium s u l f a t e .  The H-NMR of  t h e  r e s i d u a l  y e l lo w  o i l  a f t e r  work up 

i n d i c a t e d  41% 4 - c h l d r o - 5 - m e t h o x y - o - c r e s o l  ( 2 9 3 ) ,  41% k e t a l  135,  6.5%

. a n i s o l e  136 and 11.5% c r e s o l  137 was p r e s e n t .

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

Diene 130, (175mg, O.67mmol) was added to  a p r e v i o u s l y

s t i r r e d  s o l u t i o n  o f  p o t a s s i u m  c y a n id e  (I75mg,  2.7mmol) i n  a c e t o n i t r i l e
3 ' 3

(6cm ) ,  w a te r  (3cm ) and NNDIPEA a t  a m b ie n t  t e m p e r a t u r e  and s t i r r e d  f o r

two d a y s .  A f t e r  e v a p o r a t i o n  o f  a c e t o n i t r i l e  a t  20°C, t h e  aqueous  l a y e r
% 3 3

was d i s s o l v e d  i n  e t h e r  (50cm ) ,  washed w i t h  w a t e r  (2x20cm ) ,  d r i e d  ove r

anhydrous  magnesium s u l f a t e ,  and e v a p o r a t e d  t o  d r y n e s s  t o  y i e l d  a y e l lo w
1 ■ • 

o i l .  The H-NMR sp e c t r u m * o f  t h e  o i l  i n d i c a t e d  26% a n i s o l e  136,  13%

c r e s o l  293 and 61% of  a ( 2 : 1 )  m i x t u r e  o f  b o t h  ( E ) -  and

( , Z ) - 2 - c h l o r o - l - c y a n o - 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 e

(294 and 295 r e s p e c t i v e l y ) .

The m i x t u r e  was s e p a r a t e d  by HPLC on*a n i t r i l e  column (CN-10,

" 0 .8x50cm) u s in g  l i n e a r  g r a d i e n t ,  e l u t i o n .  The c o m p o s i t i o n  o f  t h e  s o l v e n t

was i n c r e a s e d  froto &6% h e x a n e - m e t h y l e n e  c h l o r i d e  t o  100% m e th y le n e

c h l o o r i d e  o v e r  a p e r i o d  of  25min.  , -
w » n ' m

i
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The f i r s t  f r a c t i o n  ( B m i n ) - c o n t a i n e d  90% a n l s p l e  136 and 10%

a n i s o l e  115.  -Diene 294 ( t h e  m a jo r  d i a s t e r e o m e r )  was p r e s e n t  i n  t h e

second  f r a c t i o n  (9 m in ) .  The t h i r d  f r a c t i o n  c o n t a i n e d  m ain ly  d i e n e  295

and t r a c e s  of  an unknown compound w i t h .  NMR s i g n a l s  a t  5 .9 2  ( IH ,  s ) ,  3 .8

(3H, s ) ,  2 .05  (3H, d ) .  Pure  c r e s o l  293 was e l u t e d  a f t e r * 2 0 m i n .

A t t e m p ts  t o  o b t a i n  p u r e  (295)  b y - c r y s t a l l i z a t i o n  and HPLC

under  v a r i o u s  c o n d i t i o n s  f a i l e d ,  so  i t ' w a s . c h a r a c t e r i z e d  a s / s u c h  by 
1
H-NMR (250MHz, CDCl3 ) : 6  1 .83  (3H, s ,  CH3 ) ,  3 .2 8  (3H, s ,  OCH3 ) ;  6 .16

(IH ,  ài J=9. .95Hz,  6 -H ) ,  6 . 5 5 - ( IH ,  dd,  J = ? . I 2  and 9 .95Hz,  5 -H ) ,  6 . 6 6  ( IH,
/ /  13d, j62.12Hz, 3-H)ppm; C-NMR (62.9MHz, CDCl3)6̂ : 26.5 (CH3), 52.08 

(OCH3), 70.7 (C-1), 84.5 (C-4), 114.4'(CN), 125.9 (C-6̂ , 129.7 (C-3), 
131.2 (C-5), 13li8 fC-2).

P u re  d i e n e  2'94 was o b t a i n e d  as  w h i t e  c r y s t a l s  f rom t h e  second
2  - I ”

f r a c t i o n :  mp: 65 C; UV (CH2 C I 2 ) :  262nm (e=41m mol ) ;  IR (KBr) 1548

and 1340 (NOg), 1069 (OCH3); *H-NMR (250MHz, CDCl3)6: 1.86 (3H, /
s, CH3), 3.23 (3H, s, OCH3), 6.14 (IH, d, J=9.90Hz, H-6), 6.52 (IH, dd,

13
J = 9 . 9 0  and 2 .00Hz,  H -5 ) ,  6 .6 3  (IH ,  d,  J=2 .00Hz;  H-3)ppm; C-NMR 

(62.9MHz, CDCI3) 6 :26.6 (CH3), 52.0 (OCH3), 69/9 (C-1), 84.8 (C-4),
115.2 (CN), 126.5 (C6L 130.1,' (C3), 131.9 (C-5), 132.2 (C-2)ppml
a n a l y s i s  C 47.59%, H 4.07%, N 11.86% ( C a l c u l a t e d  f o r  € 9 8 9 ^ 2 0 3 0 1

47.28%, H 3.9b7o, N 12 .25% ).  ' Pure  c r e s o l  (293)  was obt 'h ined
, 2 - I

a s  a p a l e  y e l lo w  l i q u i d :  UV (CH2 C I 2 ) :  272nm (e=709m mol );  IR

(neat) 3400 (OH), 1300 (OMe);
1
H-NMR (250MHz, CDCI3 ) 6 , 2.15 (3H, s ,  CHg), 3.84 (3H, s ,  OCH3 ) ,  4.80

■ 13 •
( IH ,  h r  s ,  OH), 6 .44  (IH,  s ,  H -2 ) ,  7 .0 8  (IH ,  s ,  H-5);  C-NMR (62.9MHz,

CDCI3 ) 14 .8  (CH3 ) ,  5 6 .5  (OCR3 ) ,  100 .8  ( C - 2 ) ,  113.8 ( C - 4 ) ,  116 .6  

(C-6), 131.7  ( C - 5 ) ,  153.2 (C-1), 154.2 ( C - 3 ) ;  MS ( E l ,  70eV),  1 7 4 ( 3 3 ) ,
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172 (1 0 0 ) ,  1 5 7 ( 1 2 ) ,  1 3 7 ( 3 8 ) , - 1 3 1 ( 1 6 ) ,  129(48), 9 4 ( 1 7 ) ,  9 3 ( 1 5 ) ,  7 7 ( 3 0 ) ;
' 3 5

Exac t  mass:  found:  172.031'  ( C a l c u l a t e d  f o r  CgHg CIO2  1 7 2 .0 2 9 ) .

7 . I D . 8  R e a c t i o n s  of  ( Z ' ) - 3 - m e t h o x y - 6 - m e t h y l - 2 , 6 -  and
* * ' u

2 , 4 - d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e s  ( 1 5 1 )  and ( 1 5 4 ) :

( a )  R e a c t i o n  w i t h  m e t h a n o l  i n  t h e  p r e s e n c e  of  sodium a c e t a t e : ,
*

Diene 151,  (272mg, Immol) was added  to  a m i x t u r e  of  sodium
3 '  '  3 .

a c e t a t e  (170mg, 5mmol) , m e t h a n o l  (5cm ) and w a t e r  (2cm ) and t h e  m i x t u r e

was s t i r r e d  a t  ambien t  t e m p e r a t u r e  f o r  48h .  The r e s i d u e  o b t a i n e d  a f t e r

d r y i n g  and e v a p o r a t i o n  of  e t h e r  c o n t a i n e d  m ain ly  k e t a l  156 and t r a c e s  o f

c r e s o l  231.

^  Pu re  k e t a l  156 was o b t a i n e d  from t h i s  m i x t u r e  as  a p a l e  brown

o i l  ( l lOmg,  46% y i e l d )  a f t e r  r emoval  o f  c r e s o l  231 by washing  w i th
3

aqueous sodium b i c a r b o n a t e  (10%, 2x25cm ) :  IR ( n e a t ) : 1 5 5 2 ,  1 5 3 8 ' and
2 .,1

1340 (NOg), 1065 and 1098 (OCH3 ) ;  UV (CHgClg):  242nm (e=4-lm mol -);

^H-NMR (250MHz, CDCI3 ) 6 : 1 .9 3  (3H, s ,  CH3), 6 .06  (IH ,  d ,  J=10 .30Hz ,
»

6 - H ) ,  6 .4 6  (IH,  dd,  J = 1 0 .3 0  and 2.50Hz ,  5-H) ,  7 .32  ( IH ,  d ,  J=2 .50Hz,
•13

3-H)ppm; C-NMR (62.9MHz, CDCI3 ) 6  : 2 6 .5  (CH3), 51 .3  (OCH3), 52.2

(OCH3), 84.5 (C-4), 94.5 (C-1), 131.7 (C-5), 149.0 (0^2) 'z1 7 *
(4-5> ppm R e a c t i o n  of  d i e n e  154,  (27mg, O.lmmol) w i t h  aqueous  m ethano l  

3 ' 3
( 1 cm ) and w a t e r  (0 .5cm  ) and sodium a c e t a t e  (17mg, 0.5mmol) y i e l d e d

k e t a l  226 as ' t h e  major  p r o d u c t  a f t e r  48h.  N e i t h e r  r e a c t i o n  p roceeded  i n

t h e  a b s en c e  o f  w a t e r .

(b )  R e a c t i o n  w i t h  m e th a n o l  i n  t h e  p r e s e n c e  of  NNDIPEA:

Diene 151, (54mg) was s t i r r e d  f o r  24h w i t h  a m i x t u r e  o-f 
3 . ' 3

m ethano l  (2cm ) , -w a te r  (1cm ) and NNDIPEA (52mg).  A f t e r  work up t h e  

e t h e r  l a y e r  c o n t a i n e d  t r a c e  amounts  of  u n i d e n t i f i e d  compounds.  The 

aqueous  l a y e r  a f t e r  a c i d i f i c a t i o n  y i e l d e d  c r e s o l  231.
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7.11 Reactions of Dlenes with Hydrides;

7 . 1 1 . 1  R e a c t i o n s  of  ( Z ) - 3 - c h l o r o - 6 - m e 1 : 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  ( 1 0 0 ) ;  . /

( a )  R e a c t i o n  w i t h  A1H%

Aluminium c h l o r i d e  ( 1 3 3 . 5mg, l .Ommol) was s lo w ly  added t o  a

w e l l  s t i r r e d  s o l u t i o n  o f  l i t h i u m  aluffllrfi'um h y d r i d e  (114mg, 3m m ol ) . in  
3 -

THF (1.5cm ) ' 'under a r g o n  anjJ t h e  m i x t u r e  was s t i r r e d  a t  room

t e m p e r a t u r e  f o r  I h .  A s o l u t i o n  of  d i e n e  100,  (231mg, Immol) i n
3

t e t r a h y d r o f u r a n  (Q.5cm ) was s lo w ly  i n j e c t e d  i n t o  t h e  s u s p e n s i o n  o f

aluminium h y d r i d e ,  cOoled to  -20 °C /an d  s t i r r e d  f o r  I h ,  d u r i n g  which t im e

p e r i o d  t h è  t e m p e r a t u r e  was a l l o w e d  t o  i n c r e a s e  to  0*C. The 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, w a t e r  (0 .5cm  ) was added and t h e  m i x t u r e

s t i r r e d  f o r  5min.  The m i x t u r e  was t r a n s f e r r e d  to  a s e p a r a t i n g  f u n n e l  
3

w i t h  e t h e r  (25cm ) and t h e  w a t e r  l a y e r  was s e p a r a t e d  . The e t h e r  l a y e r  .
3 ,

was washed w i t h  w a t e r  ( 2 xlOcm ) ,  d r i e d  o v e r  a n h y d ro u s  magnesium s u l f a t e  ,

and e v a p o r a t e d  t o  d r y n e s s  aft: - 4 0 °C .  The NMR s p e c t r u m  o f  t h e  r e s i d u a l

o i l  (142mg) i n d i c a t e d  t h e  p r e s e n c e  o f  24% 4 - c h l o r o t o l u e h e  ( 1 1 1 ) ,  11%

c r e s o l  (213)  and 65% 4 - c h l o r o - l - m e t h y l - l - n i t r o c y c l o h e x a - 2 ’, 4 - d i e n e  ( 2 9 6 ) .

I d e n t i c a l  r e s u l t s  were o b t a i n e d  when a c l e a r  s o l u t i o n  o f  AlHg, o b t a i n e d

by f i l t r a t i o n  u nde r  argon , ,  was used  f o r  t h e  r e a c t i o n .  * ■—

Diene (296)  was c h a r a c t e r i z e d  i n  t h e  m i x t u r e  w i t h o u t  f u r t h e r  
1

p u r i f i c a t i o n .  H-NMR (250MHz, CDCI3 , - 5 ° C ) : 6  1 .66  (3H, s ,  'CHg), 2 .57

(IH, dd, J = l 8 . 9 0  and 3 .30Hz ,  6 - H ) ,  3 .4 0  (IH', dd ,  J = 1 8 .9 0  andT5.60Hz,
/ '

6 ' - H ) ,  5 .89  (IH,  mp 5 - H ) ,  5 .99  (IH,  d ,  J= 9 .80H z ,  4 - H ) ,  6 .12  (IH,  dd ,

J = 9 .8 0  and 1 .48Hz,  3 - H ) .  ( I r r a d i a t i n g  t h e  c e n t r e  o f  t h e  m u l t i p l e t  a t

5.,89'ppm, reduced  t h e  d o u b l e t  o f  d o u b l e t s  a t  2 .57  and 3.40.ppm to 18.90Hz

d o u b l e t s  and t h e  d o u b l e t  o f  d o u b l e t s  a t  6.12ppm t o  a 9.8Hz d o u b l e t . )
13 '

C-NMR (62.9MHz,  CDCI3 , - 5 0 ° C ) :  0_ 2 5 .7  (CH3 ) ,  3 4 .2  (CHg); 8 3 .5  ( C - 1 ) ,
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120.5 ( C - 5 ) ,  126 .4  ( C - 3 ) ,  129 .3  ( C - 2 ) ,  130 .6  (C-4)ppm. ,

(b )  R e a c t i o n  w i t h  d i i s o b u t y l a l u i n l n i u m  h y d r i d e ; '
3

A s o l u t i o n  o f  DIBAL i n  h e p t a n e  (1cm ) was i n j e c t e d  i n t o  a
3

s o l u t i o n  o f  d i e n e  100,  (50mg, mmol), i n  e t h e r  (10cm ) a t  0°C.  The

m ix t u r e  was s t i r r e d  f o r  15min a t  0°C and 40mln a t  ambient  t e m p e r a t u r e ,

t h e n  c o o l e d  t o  -2 0 °C .  The NMR s p e c t r u m  o f  t h e  r e s i d u e  a f t e r  work up

i n d i c a t e d  c r e s o l  213 a s  t h e  on ly  p r o d u c t .
/

When t h e  r e a c t i o n  was r e p e a t e d  on a NMR s c a l e  u s i n g  DIBAL.
(al;fter e v a p o r a t i o n  o f  h e p t a n e )  i n  e t h e r ,  t h e r e  was no r e a c t i ( % ^ t  

t e m p e r a t u r e s  below 0°C.  A f t e r  1 .5 h  a t  0°C,  t h e . m i x t u r e  was worked up i n  

' t h e  u s u a l  way. The NMR spe q^ um of  t h e  r e s i d u e  i n d i c a t e d  39% unchanged 

d i e n e  *100-and 61% c r e s o l  213.

( c )  R e a c t i o n  wi’t h  l i t h i u m  a luminium h y d r i d e : -

L i th iu m  aluminium h y d r i d e  (12mg.,'* ,0.32mmol) was added t o  a
* 3

s o l u t i o n  o f  d i e n e  100,  (60mg, 0 .26mmol)  i n  e t h e r  (2cm ) a t  -20°C and t h e

m ix t u r e  was s t i r r e d  a t  -20°C f o r  2h .  The NMR spec t rum  of  t h e  r e s i d u e
>

a f t e r  work up i n d i c a t e d  t h e  p r e s e n c e  o f  80% u n r e a c t e d  d i e n e  100 and 20% 

c r e s o l  213.

R e p e t i t i o n  o f  t h e  above r e a c t i o n  w i t h  a l a r g e  e x c e s s  of  

I th iu m  a lum in ium  hyd r ide^  (3*2 mol) i n  THF y i e l d e d  af^ter  work up 50% 

crfeso l  '213 arid 50% u n r e a c t e d  d ibne ,  100>

o  •

7 . 1 1 / 2  R e a c t i o n s  o f  ( Z ) - 3 - b r q m o - 6 - m e t h y l - 6 - n i t r o c y c l o h e x a - 2 , 4 T d i e n y l  

a c e t a t e  ( 1 0 1 ) ;

( a )  R e a c t i o n s  w i t h  a luminium h y d r i d e :-  _ ,  “

Aluminium c h l o r i d e  ( 1 3 3 . 5mg, I t o o l )  was added s lo w ly  to  a

s t i r r e d  s o l u t i o n  o f  l i t h i u m  a luminium h y d r i d e  (114mg, 3mmtfl) i n  THF 
- ' 3  '

(1 .5cm  ) u nde r  a rg o n  a t  0 C. The m i x t u r e  was s t i r r e d  a t  room
• 1  e

o
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t e m p e r a t u r e  f o r  30min and c o o le d  t o  -20°C .  Â s o l u t i o n  o f  d i e n e  (101 ,  '
I . ■ 3 ' ' ■
276mg, Immol) i n  THF (0.5cm- ) was i n j e c t e d  i n t o  t h e  h y d r i d e  s o l u t i o n  and

th e  m i x t u r e  was s t i r r e d  f o r  I h .  The NMR sp.ectrum of  t h e  m i x t u r e
-

i n d i c a t e d  t h e  p r e s e n c e  o f  15% p - b ro m q to l u e n e  ( 1 1 0 ) ,  12% 5 - b r o m o - o - c r e s o l

(215)  and 73% 4 - b r o m o - l - m e t h y l - l - n i t r o c y c l o h e x a - 2 , 4 - d i e n e  ( 2 9 7 ) .  Diene
. .  '  1

297 was c h a r a c t e r i z e d  i n  t h e  m i x t u r e  by NMR: H-NM^ (250MHz, CDCI3 ,

-50°C) 6 : 2 .5 2  (IH ,  dd ,  J = 1 8 .9 8  and 3 .50Hz ,  6 - H ) ,  3 .3 6  ( IH ,  dd ,  J = 1 8 .9 8

and 5 .60Hz,  6 ' - H ) ,  5 .91  (IH,  d ,  J=9 .75Hz ,  2 - H ) ,  6 .13  (IH ,  m, 5 -H ) ,  6 .20

( IH ,  dd ,  J = 9 .7 5  and 1 .47Hz ,  4 - H ) . I r r a d i a t i o n  a t  t h e  c e n t r e  o f  t h e

m u l t i p l e t  a t  6.13ppm reduc e d  t h e  dd a t  2 .52ppm to  d, J=18 .98Hz ,  and dd
13

a t  3.36ppm t o  d, J = 18 .98H z ,  and t h e  dd a t  6 .2 0  to  a 9.7,5Hz-d; C-NMR

(62.9MHz, CDCI.3 , -50°C)  6 ^ :2 5 .7  (CH3 ) ,  35 .3  (Q ^ ) ,  8 3 .4  ( C - 1 ) ,  114 .3

'  ( C - 4 ) ,  124.7 ( C - 1 ) ,  126 .2  ( C - 3 ) ,  130 .85  (C-2 )ppm .

Diene  297 decomposed e x c l u s i v e l y  t o  p - b r o m o to l u e n e  110 on *

warming t o  room t e m p e r a t u r e  o v e r n i g h t .  When t h e  r e a c t i o n  was r e p e a t e d

w i t h  8  mmol o f  a lumin ium hydr ide  an  i d e n t i c a l  p r o d u c t  m i x t u r e  was

o b t a i n e d .  A s i m i l a r  r e a c t i o n  w i t h  l i t h i u m  a luminium h y d r i d e  (4mmol)

gave  ,38% t o l u e n e  (110)  and 62% c r e s o l  ( 2 1 3 ) .  On d e c r e a s i n g  t h e  amount

o f ’ l i t h i u m  alumin ium h y d r i d e  to  3 mmol the^amount  of  c r ç s o l  (215)

i n c r e a s e d  to  84%. With a luminium c h l o r i d e  ( l e g )  unchanged  d i e n e  ( 6 ) was

» r e c o v e r e d  a f t e r  Ih  a t  0°Ct

7 » l i  >3 R e a c t i o n  o f  ( Z ) - 3 - m e t h o x y - 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  ( 1 0 2 ) :   ̂ (

( a )  R e a c t i o n  w i t h  AIH3 :
, . . 3

A s o l u t i o n  o f  d i e n e  (1 0 2 ,  227mg, Immol) i n  THF (2cm ) was

added t b  a w e l l  s t i r r e d  s o l u t i o n  of  A IC I 3  (13^.5mg,  O.lmmol) and  LiAlH^
. 3

■ (114mg, 3.0mmol) i n  TH'F (2cm ) a t  - 40°C  u n d e r  a rg o n .  The r e a c t i o n
■ • . * 3 ' '

m i x t u r e  was s t i r r e d  a t  - 4 0  C f o r  I h ,  t h e n  d i l u t e d  w i t h  e t h e r  (45cm ) a t
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3 . 1

-45  C and t r e a t e d  w i th '  w a t e r  (5cm ) .  The H-NMR spe c t rum  of  t h e

c o l o r l e s s  o i l  o b t a i n e d  a f t e r  e v a p o r a t i o n  o f  t h e g t h e r  a t  -45°C i n d i c a t e d  '

t h e  p r e s e n c e  o f  60% 4 - m e t h o x y - l - m e t h y l - l - n i t r o c y c l o h e x a - 2 , 4 - d i e n e  ( 2 9 8 ) ,

5% 4 - m e t h y l a n i s o l e  (112)  and 35% 5 - m e t h o x y - o - c r e s o l  ( 2 9 9 ) .  During

remova l  o f  r e s i d u a l  THE on t h e  h ig h  vacuum pump a t  -40°C ,  some o f  t h e

d i e n e  298 decomposed to  a n i s o l e  112.  Diene 298 was c h a r a c t e r i z e d  i n  a
1

m i x t u r e  of  35% c r e s o l  299.  40% a n i s o l e  112 and 25% d i e n e  298 by H-NMR:

(250MHz, CDG^,  -50°C)  6 : 1 .72  (3H, s ,  CH3 ) ,  2 .5 8  (IH ,  dd ,  J = 3 .2 6  and
? -

18 .25Hz,  6 - H ) ,  3 . 3 6  ( IH ,  dd ,  J = 5 . 6 5  and 18 .25Hz,  6 ' - H ) ,  3 . 5 4 * (3H, s ,  .■ 

OCH3 ) ,  4 .7 4  (IH ,  b r  ddd ,  5-H), '  6 .02  ( IH ,  d ,  J = 9 . 9 0 , .  2 - H ) , 6 .13  (IH,  dd ,  

J = 9 .9 0  and 2 .15Hz ,  3 - H ) .  On i r r a d i a t i n g  t h e  s i g n a l  a t  4.74ppm, t h e  dd 

a t  2.58ppm c o l l a p s e d  t o . a  d o u b l e t  ( J = 1 8 .2 5 H z ) ,  t h e  s i g n a l  a t  3.36ppm 

c o l l a p s e d  t o  a d o u b l e t  ( J= 18 .25H z)  and t h e  s i g n a l  a t  6.13ppm c o l l a p s e d  

t o  a d o u b l e t  ( J = 9 .9 0 H z ) .

( b )  R e a c t i o n  w i t h  l i t h i u m  a lum in ium  h y d r i d e :

A s o l u t i o n  o f  d i e n e  102 (227mg,, Immol) in, .THE (2cm ) was

added to  a w e l l  s t i r r e d  s o l u t i o n  o f .L iA lH ^  ( 1 5 2 m g , ' 4 .Ommol) i n  THE 
3 ' 1

(5cm ) a t  '-40®C and t h e  m i x t u r e  was s t i r r e d  f o r  I h .  The H-NMR spec t rum

o f  t h e  p r o d u c t  m i x t u r e  i n d i c a t e d  t h e  p r e s e n c e  of  35% a n i s o l e  112 and 65%

c r e s o l  299.

The c r e s o l  299 was s e p a r a t e d  from t h e  m i x t u r e  by e x t r a c t i n g

w i t h  10% aqueouA' sodium h y d r o x i d e  . .The aqueous  l a y e r  was a c i d i f i e d

w i th  cone  H2 S0 ^ and e x t r a c t e d  w i t h  e t h e r .  E v a p o r a t i o n  of  t h e  e t h e r

l a y e r  f rom t h e  d r i e d  s o l u t i o n  gave  p u r e  c r e s o l  299 a^ a brown o i l  (59mg,

42% r e c o v e r e d  y i e l d ) .  On s t a n d i n g  a t  -20°C ,  t h e  c r e s o l  was o b t a i n e d  as
1 5 1

c r y s t a l s .  I t  had mp 39-41°C ( l i t  38 -40°C ) ;  IR ( n e a t ) :  3400 (OH),

1120 (OCH3 ) ;  e x a c t  mass:  found 138.072  ( c a l c u l a t e d  f o r  CgHio0 2 :
2 - 1 1

1 3 8 .0 6 8 ) ;  UV (CH2 C I 2 ) X 279 (e=596 m mol ) ;  H-NMR (250MHz, CDCI3 )
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6 : 2 .1 7  (3H, s', CH3 ) ,  3 .7 5  (3H, s ,  OCH3 ) ,  4 . 8 0  (IH ,  b r  s ,  ÜH), 6 .41 (2H,
: . 13 .

m, 2-H and 6 4 1 ) ,  6 .9 9  ( I H ,  d ,  J = 8 . 0 l H z ,  H-5)ppm; C-NMR (62.9MHz,

CDCI3 ) 6 g : 1 4 .9  (CH3 ) ,  55 :4  (OCH3 ) ,  101 .6  ( C - 2 ) ,  10 6 .0  ( C - 6 ) ,  115.7

( C - 4 ) ,  131 .2  ( C - 5 ) ,  1 5 4 .6  ( C - 3 ) ,  159 .2  (C - l )p p m .

7 . 1 1 . 4  R e d u c t io n  o f  ( E ) - l , 4 - d i m e t h y l - 4 - n l t r o c y c l o h e x a - 2 , 5 - d l e n y l  a c e t a t e  

80 w i t h ' l i t h i u m  alumin ium h y d r i d e ;
3

, D iene  80 (50mg, 0.24mmol) i n  THF (0 .5cm  ) was added  t o  a
* - ■ 3

s u s p e n s i o n  o f  l i t h i u m  aluminium h y d r i d e  (37mg, O.96mmol) i n  THF (2cm )

a t  -20°C .  The m i x t u r e  was s t i r r e d  f o r  40min d u r i n g  which th e

t e m p e r a t u r e  was i n c r e a s e d  t o  0°C.  The r e a c t i o n  m i x t u r e  was c o o le d  t o

-40*C and worked up i n  the ,  u s u a l  way. The NMR s p e c t r u m  o f  t h e  r e s i d u e

i n d i c a t e d  t h e  p r e s e n c e  o f  ( E ) - 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 o l
133 «

(275)  as  t h e  on ly  p r o d u c t  mp 107-8°C ( l i t  107-8 C).

S i m i l a r  r e s u l t s “were o b t a i n e d  when a lum in ium  h y d r i d e  

-(1.9mmol)‘ p r e p a r e d  i n  t h e  u s u a l  way, was employed a s  t h e  r e d u c i n g  

a g e n t .
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TABLE 7 .11  

C r y s t a l  d a t a  f o r  101,  190 and 200,

101

O rtho rhom bic  

Pbca  (No. 61) 

' 2 7 . 4 4 5 ( 8 )  

9.683(3) 
8 .3 3 5 ( 2 )  • 

90.
2215(1)
276.09

190

M o n o c l i n i c  

P 2 , / n  (No. 14) Pca2 .  (No. 29)

200

O rthorhom bic

D (I cm"3)

meas

D 1 .656

c a l c

Mounting a x i s  c

S t a n d a r d  r e f i s .

Meas. r a n g e  ' 0-40°

No. of  s t e p s  160

( 0 .0 1 °  i n  26 ,  0 . 2 5 s )

Backgrnd.  coun t  ( s )  40 

y (cm " l ) (X = 0 .7 Î069A )  39 .2 5  

T r a n s m i s s i o n  . 0 . 1 0 - 0 . 5 3

R ■ '  0 .0763

R ' 0 .0941

w

D i f f .  map m a x . ( e A " 3) 0 .8 3  

No. of  o b s e r v a t i o n s  1033 

No. o f  p a r a m e t e r s  136

I

7.386(3)
7.618(2)
19.498(6)
92.91(4)
1095.7(6)
276.09
4

1.67

1 .67

18 00, 080, 006 060, 006, 400
0-30°
200

50
39 .67  •

0 .1033  

0 .1 0 2 9

1.17  

597 

61

1

11 .9 0 1 ( 5 )

6.758(2)
11 ■îl ;5(4)
90.
924.5(6)

' 2 5 2 .5  

4

1.78

1.82

200, 006, 020
0-50°

160

40 .
4 9 .4 0

0 . 1 7 - 0 . 4 7

0.0551
0.0601

0 , 5 8

86.2

108
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