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THE CHEllISTRY OF THE ACRIDIZINIUM I O N  

Sayeed-Din S a r a f  

Chemis t ry  O e ~ a r t m e n t ,  K w a ? t  U n i v e r s i t y ,  Kuwa i t  

T h i s  paper rev iews  t h e  v a r i o u s  methods f o r  t h e  p r e p a r a t i o n  of t h e  

a c r i d i z i n i u m  i o n .  One of t h e  most successfu l  method i n v o l v e d  t h e  use o f  

c y c l i c  a c e t a l  2-(1,3-dioxolan-2-yl)pyridine ( 9 ) .  s i n c e  t h e  r e s u l t i n g  i n t e r -  

m e d i a t e  o b t a i n e d  on t r e a t m e n t  w i t h  benzy l  bromide o r  s u b s t i t u t e d  benzyl  

bromides are w e l l  s u i t e d  f o r  c y c l i s a t i o n  i n  h o t  po lyphosphor i c  ac id .  A c r i -  

d i z i n i u m  benzologs have a l s o  been p repared  by rep lacement  o f  t h e  benzy l  

h a l i d e s  b y  naph thy l  o r  phenan th ry lmethy l  h a l i d e s  o r  t h e  p y r i d i n e  c a r b o x a l -  

dehyde by i s o q u i n o l i n e  1- o r  3-carboxaldehydes.  The p r o p e r t i e s ,  such as, 

o x i d a t i o n ,  r e d u c t i o n ,  r e a c t i o n  w i t h  bases and e l e c t r o p h i l i c  reagen ts  a r e  

a l l  d i scussed  i n  d e t a i l .  

The occur rence  of a r o m a t i c  compounds f o r m a l l y  r e l a t e d  t o  t h e  c l a s s i c a l  a romat i c  hydrocar -  

bons by t h e  replacement  of a CH by N has l o n g  been recognised.  The s t r u c t u r a l  r e l a t i o n s h i p  o f  

1  q u i n o l i n e  ( 2 )  t o  naph tha lene  ( 1 )  was unders tood  n e a r l y  hundred y e a r s  ago , w h i l e  t h e  r e l a t i o n -  

s h i p  o f  i s o q u i n o l i n e Z  was recogn ized  a few y e a r s  l a t e r .  

The q u i n o l i z i n i u m  i o n  ( 3 )  r e p r e s e n t s  t h e  n i t r o g e n  ana log  o f  naphthalene i n  wh ich  t h e  

n i t r o g e n  atom occurs  a t  a  b r idgehead  p o s i t i o n .  I n  c o n t r a s t  t o  q u i n o l i n e  and i s o q u i n o l i n e ,  t h e  

o t h e r  two s i m p l e  n i t r o g e n  analogs o f  naphthalene,  t h e  c h e m i s t r y  of t h e  q u i n o l i z i n i u m  i o n  has been 

l i t t l e  s t u d i e d  and knowledge r e g a r d i n g  t h i s  i o n  has been ga ined  a l m o s t  e n t i r e l y  f rom i n v e s t i g a -  

t i o n s  o f  a l k a l o i d s  c o n t a i n i n 9  t h i s  nuc leus  as p a r ?  0' a f a i r l y  ccnn l -x  ~ t r o c t o r ~ .  Amonq t h e  



a l k a l o i d s  t h e  q u i n o l i z i n i u m  nuc leus  p r o b a b l y  occurs  most  w i d e l y  as i t s  d i h y d r o  d e r i v a t i v e .  F o r  

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

7  8  a l k a ~ o i d s ~ - ~ ,  p a l m a t i n  , columbamine , j a t r o r r h i z i n e 9 ,  c o p l i s i n e l O ,  wovenine' ' ,  dehydrocory-  

d a l i n e  and d e h y d r o p h t h a l i c  t r i f ~ l i n e l ~ " ~ .  

D e s p i t e  t h e  c o n t i n u i n g  a t t e n t i o n  devoted t o  s imp le  a r o m a t i c  systems, t h e  f i r s t  s y n t h e s i s  

o f  t h e  q u i n o l i z i n i u m  i o n  ( 3 )  was n o t  announced u n t i l  1 9 5 4 ~ ~ ' ~ ~ .  and t h i s  d a t e  may be regarded 

16 
as t h e  beg inn ing  o f  t h e  s y s t e m a t i c  s tudy  o f  t h e  q u i n o l i z i n i u m  i o n  and i t s  benzologs . 

As r e g a r d s  t h e  nomenclature,  t h e  t r i c y c l i c  system i s  d e s c r i b e d  as benzolog o f  q u i n o l i z i -  

n ium i o n  o r  a ~ o n i a l o g ~ ~  o f  an th racene  and has a l s o  been g i v e n  t h e  t r i v i a l  name " A c r i d i z i n i u m  

1 8  Ion" .  The chemical  a b s t r a c t  numbering f o r  t h e  system i s  g i v e n  below ( 4 )  . 

I n  t h e  azon ia  arene nomenclature,  t h e  numbering i s  t h a t  o f  t h e  p a r e n t  hydrocarbon (4,a- 

19 azon iaan th racene)  . 

SYNTHESES 

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

commerc ia l l y  a v a i l a b l e  benzy l  bromide o r  a  s u b s t i t u t e d  benzy l  bromide and py r id ine -2 -a ldehyde  

( 5 ) .  The crude s a l t  ( 6 )  thus  o b t a i n e d  c y c l i s e d  i n  b o i l i n g  h y d r o b r i m i c  a c i d  t o  a f f o r d  b e n r o ( b ) -  

q u i n o l i z i n i u m  d e r i v a t i v e s ' 6 3 2 0 .  Due t o  t h e  u n s t a b l e  n a t u r e  o f  t h e  aldehyde, a  more s t a b l e  d e r i -  

v a t i v e  p i c o l i n i c  a ldox ime ( 7 )  o f f e r e d  t h e  advantages o f  g r e a t e r  s t a b i l i t y  and ease o f  q u a r t e r -  

n i s a t i o n  and i n  a d d i t i o n  t h e  i n t e r m e d i a t e  s a l t  8 was more e a s i l y  p u r i f i e d  and c y c l i s e d  more 

21 r a p i d l y  t h a n  t h e  a ldehyde s a l t  6  . To overcome t h e  r e s u l t i n g  low y i e l d s  i n  such c y c l i s a t i o n s ,  

22 a  number o f  d e r i v a t i v e s  r e l a t e d  t o  t h e  oxime ( 7 )  were examined . Use o f  semicarbazone (5,R= 

NNHCONHi), th iosern icarbazone (5,R=NNHCSNH2) and phenylhydrazone (5,R=NNHC6H5) d i d  n o t  produce 

any b e t t e r  r e s u l t s .  The b e s t  r e s u l t s  were o b t a i n e d  by condensing c y c l i c  a c e t a l ,  2 (1 ,3 -d ioxa lan -  

2 - y l ) - p y r i d i n e  ( 9 )  w i t h  benzy l  h a l i d e s  p a r t i c u l a r l y  those  c o n t a i n i n g  a  d e a c t i v a t i n g  s u b s t i -  

23 t u e n t  . Hydrobromic a c i d  as c y c l i s i n g  agent  gave t h e  h i g h e s t  y i e l d  as compared t o  po lyphos-  

p h o r i c  a c i d ,  hydrogen f l u o r i d e  o r  s u l p h u r i c  a c i d .  
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5 , R . O  R  

~ . R = N O H  
8 6 . R = O  

9 ,  R =  (OCH2)Z X 8 ,  R  = N O H  

The r e s u l t s  are sumar i zed  i n  Table I .  

S u b s t i t u t i n g  l-broi!~omethylnaphthalene o r  9-bronophenanthrene f o r  benzyl ha l i de  i n  6,benz- 

( h ) a c r i d i z i n i u m  bromide ( 1 0 )  and d ibenz (h , j ) ac r i d i z i n i um bromide (11) were obtained i n  good 

v ie ldsZ4.  

On the  o ther  hand, 2-bromomethylnaphthalene w i t h  pyr id ine-2-aldehyde af forded a  s a l t ,  which 

on c y c l i s a t i o n  was be l ieved t o  have y i e l d e d  benz[ j ]acr id iz in ium bromide (12) , the  s t r u c t u r e  o f  

TABLE 1  



C y c l i s i n g  

agen t  

H B r  

H B r  

H B r  

HF 

H2S04 

PPA 

H B r  

H B r  

H B r  

H B r  

PPA 

H B r  

H B r  

HB r 

HF 

H B r  

H B r  

H B r  

H B r  

H B r  

H B r  

HBr  

Y i e l d  % Ref .  

- 

211 which was deduced f rom i t s  u l t r a v i o l e t  spect rum , 
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S u b s t i t u t i n g  i soquin i l ine-3-carboxya ldehyde  ( 1 3 )  f o r  p i c o l i n e  a ldox ime i n  6 f o l l o w e d  by 

c y c l i s a t i o n  d i d  n o t  y i e l d  t h e  expec ted  p r o d u c t  14, b u t  i n s t e a d  a f fo rded  a  d imer  ( 1 5 ) .  However, 

25 use o f  i t s  oxime ( 1 6 )  af forded t h e  co r respond ing  b e n z ( b ) a c r i d i z i n i u m  s a l t  ( 1 4 )  i n  23% y i e l d  , 

The fo rmat ion  o f  t h e  d imer  ( 1 5 )  was a t t r i b u t e d  t o  t h e  l o w  r e a c t i v i t y  o f  t h e  q u a t e r n a r y  

s a l t  wh ich  r e q u i r e d  l o n g e r  r e f l u x i n g  t i m e  fo r  c y c l i s a t i o n  as compared t o  t h e  oxime, wh ich  

r e q u i r e d  about  10 m i n u t e s .  

I n  a  s i m i l a r  r e a c t i o n ,  d ibenz  [b .h l -  and d i b e n z ~ , ~ ] a c r i d i r i n i u s  bromides ( 1 7  and 18)  

were p repared  f rom t h e  co r respond ing  s a l t s  p repared  from 1-bromomethyl o r  2-bromomethylnaphtha- 

26 l e n e  and i s o q u i n o l i n e  carboxyaldehyde i n  43 and 66% y i e l d s ,  r e s p e c t i v e l y  . 

An a l k y l  o r  a r y l  group may be i n t r o d u c e d  i n t o  t h e  meso p o s i t i o n s  o f  t h e  a c r i d i z i n i u m  i o n ,  

g e n e r a l l y  w i t h  b e t t e r  success i n  t h e  1 1 - p o s i t i o n  than  i n  t h e  6 - p o s i t i o n .  Q u a t e r n i s a t i o n  o f  a  

v a r i e t y  o f  benzy l  h a l i d e s  w i t h  2-benzoyl  p y r i d i n e  ( 1 9 )  f o l l o w e d  by c y c l i s a t i o n  w i t h  hydrogeh 

2  7 f l u o r i d e  a f f o r d e d  1 1 - p h e n y l a c r i d i z i n i u m  i o n  ( 2 0 )  i n  89.5% y i e l d  . 



Under comparable cond i t ions ,  2 - a c e t y l p y r i d i n e  (21)  afforded a poor y i e l d  o f  22 (3%),  

b u t  use of c y c l i c  k e t a l  ( 2 3 )  improved the  y i e l d  t o  35% 2 7 .  In a s i m i l a r  manner, 6-methyl and 

6-propy l  a c r i d i z i n i u m  s a l t s  were prepared f rom t h e  quaternary s a l t s  (24 and 25) us ing  hydro- 

28 
bromic a c i d  as the  c y c l i s i n g  agent . 

Of the  f i v e  benroyl  py r i d i n i um  s a l t s  (25a) studied,  t h e  quaternary s a l t  de r i ved  f r o m  E 

methoxybenzyl bromide f a i l e d  t o  c y c l i s e  under t h e  Usual cond i t i ons ,  probably because t h e  pos i t i ons  

a v a i l a b l e  a re  unac t i va ted  and t o  a methoxyl group. 

2 2 2 3 ,  Z * (OCH212 

2 4 .  Z - ( OCH2I2,R = CH3 

25 , Z - (OCH2)2.R - Propyl 

8 
X 

2 5 0 .  R ' =  CgHs 

I 
R' 
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Q u a t e r n i s a t i o n  of 2 - b e n r o y l p y r i d i n e  w i t h  I - p h e n y l e t h y l  bromide f o l l o w e d  by c y c l i s a t i o n  

27 
o f  t h e  c rude  s a l t  gave a  low y i e l d  ( 8 % )  o f  6 - m e t h y l - l l - p h e r l y l a c r i d i z i n i u m  p e r c h l o r a t e  ( 2 6 )  . 

1 1 - A l k y l  s u b s t i t u t e d  a c r i d i z i n i u m  compounds were a l s o  p repared  from 2 - (c -hydroxy im ino-  

m e t h y 1 ) b e n z y l p y r i d i n e  ( 2 7 )  v i a  t h e  d i a n i o n  ( 2 8 ) .  A d d i t i o r l  of o r g a n i c  h a l i d e s  f o l l o w e d  by 

c y c l i s a t i o n  w i t h  b o i l i n g  h y d r o c h l o r i c  a c i d  a f f o r d e d  29 ". 

Liq . NH3 

Na NHz *c3.?D \ - 

The 6 - p h e n y l a c r i d i r i n i u m  i o n  has been o b t a i n e d  by a  r o u t e  wh ich  i s  o f  t h e o r e t i c a l  

i n t e r e s t  o n l y  30. o-(7-Pyridylmethy1)benzonitrile ( 3 0 )  was t r e a t e d  w i t h  an excess o f  pheny l -  

magnesium bromide, and a f t e r  s u i t a b l e  h y d r o l y s i s  t o  t h e  c rude  ketone, was c y c l i s e d  i n  concen- 

t r a t e d  s u l p h u r i c  a c i d  t o  y i e l d  31. 

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

a  s u b s t i t u e n t  i n  t h e  c e n t r a l  nuc leus .  C y c l i s a t i o n  of t h e  q u a t e r n a r y  s a l t  ( 3 2 )  w i t h  polyphos-  

p h o r i c  a c i d  a f f o r d e d  7-phenylbenz(h)acridizinium p e r c h l o r a t e  ( 3 3 )  i n  902 y i e l d .  Only  a  s i n g l e  

h i g h l y  a c t i v a t e d  I-benzoyl-2-benzylisoqulnolinium s a l t  ( 3 4 )  was found t o  c y c l i s e  i n  l i q u i d  

31 hydrogen f l u o r i d e  . 



W i t h  a  methoxy group a t  para p o s i t i o n  t o  t h e  expected r i n g  c l o s u r e ,  c y c l i s a t i o n  was 

g r e a t l y  f a c i l i t a t e d  and i n  f a c t  a 91% y i e l d  o f  t h e  10-methoxy-13-phenylbenzacr id iz in ium per -  

c h l o r a t e  ( 3 5 )  was o b t a i n e d .  

C o r a l y n  ( 3 6 )  was prepared v i a  ace topapaver ine  ( 3 7 )  b y  t h e  a c e t y l a t i v e  c y c l i s a t i o n  of 

papaver ine  32'33. T h i s  suggested t h a t  2 - (3 ,4 -d ia lkoxybenzy1)pyr id ine  m i g h t  b e  made t o  undergo 

a  s i m i l a r  a c y l a t i v e  c y c l i s a t i o n .  Thus c y c l i s a t i o n  o f  a l k o x y b e n z y l p y r i d i n e  d e r i v a t i v e s  ( 3 8 )  a t  

loo0  i n  s u l p h u r i c  a c i d  i n  t h e  presence of an a p p r o p r i a t e  anhydr ide  a f fo rded  t h e  co r respond ing  

q u i n o l i z i n i u m  d e r i v a t i v e s  34. T h i s  t y p e  o f  s y n t h e s i s  can be regarded n o t  o n l y  as t h e  p r o t o -  

t y p e  o f  t h e  Woodward s y n t h e s i s  35-38 of q u i n o l i z i n i u m  d e r i v a t i v e s ,  b u t  a l s o  a  f u r t h e r  example 
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of aromat ic cyc lodehydra t ion  39, one i n v o l v i n g  e l e c t r o p h i l i c  a t t ack  on aromat ic n i t r ogen  

r a t h e r  than t h e  usual carbon v i a  the conjugate a c i d  (39). The r e s u l t s  are sumnerised i n  

Table I 1  

R3 R4 R 5  R6 C y c l i s i n c a g e n t  Y i e l d  % e f .  

HF 

HF 

HF 

HF 

HF 

H2S04/acetic 

anhydr ide 

H2S04/propionic 

anhydr ide 
a c c ~ i c  

H2S04/anhydride 

HBr 

H B r  

Extension o f  t h e  same general method t o  the  syn thes is  of  a l koxy l  d e r i v a t i v e s  o f  the 

a c r i d i z i n i u m  i o n  leads t o  the  prepara t ion  o f  8-methoxy, 7,8- and 8 ,9 -d imethoxyacr id iz in ium 

s a l t s  (41,42,43) 40. Hydroch lo r ic  a c i d  was found t o  b r i n g  about the  c y c l i s a t i o n  i n  good 

y i e l d s  and w i t h o u t  any e ther  cleavage, as was the  case when hydrobromic a c i d  was used as the  

c y c l i s i n g  agent. 



'2&'"ZX 1. aldehyde ~ i c o l i n i c  , f%SD 
'73 2 .acid '73 

/ 
I1 
z 

44,  R1= H ,  R2= R3= 0CH3 

z = o  

Z = NOH 

Contrary t o  Bradshers f ind ings  40, Watthey and coworkers 41 have repo r t ed  t h a t  c y c l i s a -  

t i o n  of  t h e  py r i d i n i um  s a l t  4 4  o r  45 w i t h  concentrated hyd roch lo r i c  a c i d  a t  10L1° d i d  n o t  o n l y  

g i ve  an impure produc t  b u t  a l so  l e d  t o  t h e  e ther  cleavage. However, they succeeded i n  c y c l i s i n g  

0 the  quaternary s a l t  w i t h  hydrobromic a c i d  a t  75 over  a pe r i od  o f  5 minutes.  T h e i r  r e s u l t s  are 

42 i n  agreement t o  those o f  Kupchan, e t  a l .  . 

Bradsher and Barker 43 have repo r t ed  t h e i r  f a i l u r e  i n  t h e  i s o l a t i o n  o f  any pure product  

from t h e  c y c l i s a t i o n  of t h e  quaternary s a l t  46 and instead,  have i s o l a t e d  a m i x tu re  o f  47 and 

one molecule of hydroxylamine hydrobr imide.  

F i e l d s  and co-workers 44 have converted bromomethylhydroquinone d iace ta tes  (40  and 49)  

i n t o  the  corresponding hydroxyacr id iz in ium d e r i v a t i v e s  (50  and 51) by c y c l i s a t i o n  of t h e  p y r i d i -  

nium s a l t s  i n  b o i l i n o  hvdrnhr im ic  xiA o r  lii3 a 15.32% hydrogen bromide-acet ic  a c i d  mix tu re .  
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Condensation of 1 - i soqu ino l i ne  aldehyde w i t h  a lkoxybenryl  ha l i des  f o l l owed  by c y c l i s a t i o n  of 

t h e  crude s a l t  (52)  w i t h  hyd roch lo r i c  a c i d  r esu l t ed  i n  the  fo rmat ion  o f  an expected benz [a]- 
a c r i d i z i n i u m  c h l o r i d e  ( 5 3 )  i n  52% y i e l d  45. It was a l s o  observed t h a t  even 2-benzyl-3formyl- 

i soqu ino l i n i um  s a l t  (54) cou ld  be cyc l i sed ,  i f  t h e  benzyl group conta ins  subs t i t uen t s ,  which 



s u f f i c i n e t l y  enhance t h e  r a t e  o f  c y c l i s a t i o n .  Thus a lkoxybenzo logs  o f  54(2=0) ,  on h e a t i n g  w i t h  

26 h y d r o c h l o r i c  a c i d  f o r  5-15 m inu tes  a f f o r d e d  t h e  co r respond ing  a lko iybenz [b ]ac r id i z in ium s a l t s  . 

The s a l t  ( 5 3 )  m i g h t  be regarded  as t h e  p a r e n t  substance of a l l  t h e  pho toberber ine  a l k a l o i d  

and c o u l d  b e  r e f e r r e d  as a  dehydropro toberber in ium s a l t .  By t h e  use of a l koxybenzy l  h a l i d e s ,  

s e v e r a l  alkoxybenzyl[~acridirinium s a l t s  we re  syn thes ised .  The r e s u l t s  are sumnarised i n  

Tab le  111. 

The dehydroberber in ium s a l t  ( 5 5 )  was prepared from t h e  q u a t e r n a r y  s a l t  o b t a i n e d  f rom 

6,7-methylenedioxyisoquinoline-I-aldehyde ( 5 6 )  and s u b s t i t u t e d  benzy l  h a l i d e s .  C y c l i s a t i o n  o f  

t h e  q u a t e r n a r y  s a l t  w i t h  h y d r o c h l o r i c  a c i d  a f f o r d e d  dehydroberber in ium c h l o r i d e  (55 )  i n  30% 

y i e l d .  Use o f  t h e  co r respond ing  ovirne i n  t h e  f o r m a t i o n  o f  t h e  q u a t e r n a r y  s a l t  f o l l o w e d  by 

46 c y c l i s a t i o n  w i t h  po lyphosphor i c  a c i d  inc reased  t h e  y i e l d  t o  67% . 

5 6 
5 5 ,  itl= H , R,- R, - ocn, 

TABLE I11 
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R1 R2 % Re C y c l i s i n g  Y i e l d  % R e f .  
a g e n t  

A H 0CH3 H H HC1 44  6 2  

H OH H H HBr  3 7  40  

0CH3 0CH3 H H H B r  75 40 

0 - CH2- 0 H H HC1 42 40 

H 0 - C H 2 -  0 H HCl 31 40  

H 0CH3 0Ct13 CH3 HBr 6 2  41 

0CH3 H H 0CH3 HBr 72 41 

R2 R3 C y c l i s i n g  a g e n t  Y i e l d  Ref 

B H 0CH3 H HBr  76 

0CH3 0CH3 H HCl HCl 29  

H 0CH3 0CH3 HC1 74 

H 0 - CH2 - 0 -  HC1 39 

R1 R2 C y c l i s i n g  a g e n t  Y i e l d  % Ref .  

C H H HCI 52 45 

0CH3 H HC1 78 4 5  

0CH3 0CH3 HCI 53a 45 

0 - C t l  - 0 2 HCI 66b 45 



a = y i e l d  repor ted  i s  t h a t  of t h e  perch lo ra te .  

b = c r y s t a l l i s e d  f rom t h e  c y c l i s a t i o n  m i x tu re  as t h e  c h l o r i d e .  

Extension of t h i s  procedure l e d  Bradsher and h i s  ca-workers '' t o  the  establ ishment o f  t h e  

s t r u c t u r e  o f  an a l ka l o i d ,  s tepharo t ine  (58) .  Hydrobromic a c i d  c y c l i s a t i o n  o f  the  quaternary 

s a l t  ( 5 9 )  prepared f rom 2,3-dimethoxy-4-hydroxybenzyl bromide (60)  and 6,7-dimethoxyisoquino- 

1 ine-1-carboxyldoxime (61) afforded 1 1-hydroxy-2,3,9,l0-tetramethoxybenz[a]acridizinium bromide 

(62 ) ,  which on reduc t ion  over Adam c a t a l y s t  gave ( ? )  11-hydroxy-2,3,9,10-tetramethoxy-5,6,13a- 

tet rahydro-8-dibenzo b.4 q u i n o l i z i n e  ( 58 ) .  

OCHQ OCHQ 

OCHQ 

N / 
+ 

HQCO \ 
OCHQ 0CH3 

61, Zr NOH 
60 

HO 
RED. 

H3C0 '. / N  / 
0 OCHQ OCHQ 

58 62 

Qua te rn i sa t i on  o f  t h e  same aldehyde (61, z=0) w i t h  2,3-dimethoxybenzyl bromide (63)  i n  

a c e t o n i t r i l e  f o l l owed  by c y c l i s a t i o n  of t h e  crude s a l t  (64)  w i t h  b o i l i n g  hyd roch lo r i c  ac i d  

r e s u l t e d  i n  the  format ion o f  t h e  dehydropalmatine and was i s o l a t e d  as bromide (65)  i n  30% 

y i e l d  48. The y i e l d  was r a i s e d  t o  80% by us ing  the  oxime 66 i n  t h e  presence o f  d imethyl  

formamide f o r  qua te rn i sa t i on  fo l lowed by c y c l i s a t i o n .  Reduction o f  65 over Adams c a t a l v s t  

y i e l d e d  ( t ) - t e t r ahyd ropa lma t i ne  (66a)as hydrobromide. I n  a s i m i l a r  r eac t i on  dehydroepiber- 
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beriniurn ch lo r i de  (65a) and o the r  de r i va t i ves  were prepared. The r e s u l t s  a re  summarised in 

Table I V .  

R 4  R4 

/ 
+ 

R3 66, NOH R3 

Synthesis of  some O f  the  analogs of c r yp top leu r i ne  (67) was c a r r i e d  ou t  by quatern isa t ion  

o f  2,3-dimethoxy-9-bromomethylphenanthrene (68) w i t h  2-(1 ,3-dioxalan-2-y1)pyr id ine fo l lowed by 

c y c l i s a t i o n  o f  t he  crude s a l t  w i t h  hydrobromic acid.  The r e s u l t i n g  product, 2,3-dimethoxydibenzo 

@ , a a c r i d i z i n i u m  bromide (69) was i s o l a t e d  i n  q u a n t i t a t i v e  y i e l d .  
49,50 

In a s i m i l a r  r eac t i on  6-methoxy and 2,3,6- t r imethoxydibenz[h, j ]acr id iz in ium s a l t s  were 

prepared and i s o l a t e d  as perch lora tes .  



Bradsher and Umans 51 synthesised i n d o l o ( 2 , 3 - a ) a c r i d i z i n i u m  bromide (70)  which i s  cons i -  

dered as t h e  parent  system o f  the  yohimbine, reserp ine  and a l s t o n i l i n e  a l k a l o i d s .  Th is  was 

c a r r i e d  ou t  by qua te rn i sa t i on  o f  the  py r i do i ndo le  carboxyaldehyde (71) w i t h  benzyl bromide i n  

d imethyl  formamide f o l l owed  by c y c l i s a t i o n  o f  the  crude s a l t  w i t h  polyphosphor ic a c i d  a t  120' 

f o r  24 hours. I t s  s t r u c t u r e  was f u r t h e r  conf i rmed by syn thes is ing  i t s  8,9-methyl d e r i v a t i v e  f rom 

TABLE I V  

R2 R3 R4 C y c l i s i n g  agent Y i e l d  % Ref. 

0 

NOH 

0  

0  

NOH 

NOH 

NOH 

NOH 

a  = as perch lo ra te .  
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CHO 

7 1 

52 1-methyl-2-(3-isoquinoly1)-indole and bromoacetone . The r e s u l t s  a r e  summarised i n  Tab le  5. 

~ c H 3 c o c H 2 B r ,  % CH3 
/ cH9 \ 

\ 
7 3 7 2  

TABLE V 

R, b R, C y c l i s i n g  agent  y i e l d  % Ref. 

H H  H PPA 72 50 

0CH3 H  H HCl 80 50 

H 0CH3 0CH3 HC1 81 50 

The i n t e r e s t  i n  t h e  pharmacology of b i s - q u a t e r n a r y  n i t r o g e n  system w i t h  r e g a r d  t o  t h e i r  
54,55 

a p p l i c a t i o n  as hypo tens ive ,  g a n g l i o n i c  and neuromuscular  b l o c k i n n  agents suggested t h e  



p o s s i b i l i t y  o f  syn thes is ing  some b i s -ac r i d i z i n i um compounds (74) .  Cyc l i sa t i on  o f  t he  quaternary 

s a l t  (75) w i t h  b o i l i n g  hydrobromic a c i d  resu l t ed  i n  the  format ion of 7,7 ' -b is(acr id iz in ium 

56 
b r im ide ) .  S i m i l a r l y  8 ,8 ' -b is  and 9 .9 ' - b i s (ac r i d i z i n i um bromides) were prepared i n  good y i e l d s  . 

HC 

NOH 

7 5  

From 4,4'-bis(bromomethy1)diphenylmethane and 4,4'-bis(bromomethy1)bibenlyl v i a  t he  

quaternary s a l t s  76 and 77,9,9'-methylenebis(acridizinium bromide) (78) and 9 ,9 ' -e thy leneb is  

[ a c r i d i z i n i u m  bromide) (79) were obtained i n  reasonable y i e l d s .  

( m) \ 0 
2 (cH21" 

C H =  NOH 

Aminoacr id iz in ium Sa l ts .  

The f i r s t  r e p o r t  o f  the  successful  p repara t ion  o f  6 -aminoacr id i r in ium bromide was t h a t  

of Bradsher and Sherer 57, who found t h a t  c y c l i s a t i o n  o f  ?-(2-pyridylmethy1)benzonitrile (80) 

w i t h  hydrobromic a c i d  y i e l ded  6-arninoacridizinium bromide (81).  Th is  synthesis suggested t h a t  

11-aminoacr id iz in ium de r i va t i ves  (82) might  be obtained by ac id  catalysed c y c l i s a t i o n  o f  1- 

benzyl-2-cyanopyridinium s a l t s  ( 8 3  and 83a). The bes t  r e s u l t  were obtained hv '!="y concentrated 

su lphu r i c  ac id  a t  loo0  f o r  c y c l i s a t i o n .  Use o f  hydrogen ch lo r i de  r e s u l t e d  i n  the  cleavage of  the 
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quaternary s a l t  (82) y i e l d i n g  2-picolinamide hydrochlor ide.  I n t roduc t i on  of a methoxyl group para 

t o  the  pos i t i on  of expected c y c l i s a t i o n  (83) resu l t ed  i n  an improved y i e l d  (70%).  The method how- 

ever , fa i led  t o  y i e l d  the  b e n z o l o ~ s  of G3 f ron  t h e  c y c l i s a t i o n  of l-,cr l-&na?hthyl-2-cyanopyri- 
dinium salts 58. 

I n  a s i m i l a r  reac t ion  c y c l i s a t i o n  o f  the quaternary s a l t  (84, X=BF4) prepared from l-cyanoiso- 

qu ino l ine  and m-methoxybenzyl bromide w i t h  100% phosphoric ac id  a t  130' afforded lO-methoxy-13- 

58 aminobenz(a)acridizinium te t ra f luorobora te  (85) i n  88% y i e l d  . 

Watthey e t  a l  41 i n  con t rad i c t i ng  the r e s u l t s  of Bradsher and co-workers have repor ted t h a t  

the c y c l i s a t i o n  of 86 by hydrobromic ac id  d i d  not a f f o rd  the  corresponding benr (b)qu ino l iz in ium 

bromide b u t  gave a product which was shown t o  have the s t ruc tu re  corresponding t o  8,9-dimethoxy-11- 

aminoacr id iz in ium bromide (87 ) .  



The proposed mechanism suggested t h e  p r o t o n a t i o n  o f  t h e  oxime f o l l o w e d  by c y c l i s a t i o n  t o  

y i e l d  an i n t e r m e d i a t e  ( 8 8 ) ,  which then dehydrates t o  t h e  im ine  ( 8 9 )  a tautomer o f  87. Such 

t rans fo rmat ions  a r e  a l s o  i n v o l v e d  i n  Semmler-Wolf a r o m a t i z a t i o n s  59'60 i n  genera l  and presurn- 

61 
a b l y  i n  t h e  a c i d  promoted convers ion  o f  3,5-d imethylcyc lohexanone oxime t o  3,5-xy ly lamine . 

I t  was concluded t h a t  those substances which c y c l i s e  t o  g i v e  o n l y  t h e  amino d e r i v a t i v e s  have a 

methoxy group para t o  t h e  s i t e  o f  t h e  c y c l i s a t i o n  f l a n k e d  by a methoxy group and a hydrogen atom, 

and those which gave l i t t l e  o r  no amino compound r e a c t  more s l o w l y  e n a b l i n g  oxime h y d r o l y s i s  t o  

occur .  The r e s u l t s  a r e  summarised i n  Table V1. 

Quinones 

Bradsher and Barker  62 have r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  2-bromomethyl-l,4-dimethoxy- 

naphthalene ( 9 0 )  w i t h  p i c o l i n a l d o x i m e  ( 9 2 )  a f fo rded  a 99% y i e l d  o f  t h e  qua te rnary  s a l t  (91 ) ,  

which on c y c l i s a t i o n  f o l l o w e d  by e t h e r  c leavage and o x i d a t i o n  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a 

monoxime ( 9 3 ) .  T h i s  monoxime on b o i l i n g  f o r  48 hours w i t h  a m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  

and 48% hydrobromic a c i d  a f f o r d e d  6a-azonianaphthacene quinone ( 9 4 )  i n  l o w  y i e l d .  

Use o f  2-(1,3-dioxalan-2-y1)pyridine i n s t e a d  o f  t h e  oxime gave t h e  qua te rnary  s a l t  ( 9 5 )  

TABLE V I  
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R1 R2 R4 C y c l i s i n g  agent  Y i e l d  % Ref. 

which c y c l i s e d  t o  y i e l d  93 d i r e c t l y  i n  an o v e r a l l  y i l e d  o f  63%. I t s  11-phenyl d e r i v a t i v e  ( 9 6 )  

\ hyolrolgsis 
1 / m- 0 % NOH \ / 

.as syn thes ised  from t h e  qua te rnary  s a l t  ( 9 7 )  i n  an o v e r a l l  y i e l d  o f  74%. S i m i l a r l y  t h e  d i q u a r -  

97 96 

t e r n a r y  s a l t s  (98.99) were c y c l i s e d  on h e a t i n g  f o r  24 hours a t  100' i n  48% hydrobromic a c i d  i n  

43 t h e  presence o f  a i r  t o  y i e l d  100 and 101 i n  71 and 50% y i e l d  r e s p e c t i v e l y  . 



Reactions 

Acr id iz in ium s a l t s  are yel low, g i v i ng  a  f luorescent so lu t ions  i n  water or po la r  solvents 

16 
and such so lu t ions  have an u l t r a v i o l e t  absorpt ion spectrum reminiscent o f  t ha t  o f  anthracene , 

except f o r  a  aeneral s h i f t  t o  longer wave lengths and an i n t e n s i f i e d  absorpt ion a t  longer wave 

lengths.  Acr id iz in ium s a l t s  appear t o  be s tab le  provided they are shielded from l i g h t .  

Oxidat ion o f  the  acr id in ium ion  can occur i n  several  ways. With permanganate E-(2-carbo- 

xybenzoy1)pyridine (102) and no t  ph tha l i c  ac id  as reported e a r l i e r  l6 was i so la ted  i n  30% 

y i e l d  63. On the o ther  hand, a l k a l i n e  fe r r icyan ide gave a  9% y i e l d  of 6~-benzo[b]quinoline-6- 

64 one (103) . 

103 

Heating ac r i d i z i n i um bromide (104) w i t h  1% n i t r i c  ac id  a t  1 0 0 ~  f o r  3  hours resu l t ed  i n  

the formation o f  2-(2-carboxy-4-ni trobenzoy1)pyridine (105),  wh i l e  a  s i m i l a r  ox ida t i on  ca r r i ed  

ou t  on 7 , lO-d imethoxyacr id i z in ium i on  (106) afforded the betaine (107) of 2,3-dicarboxyquino- 

l i z i n i u m  hydroxide 6 5 .  The ox ida t i on  o f  104 may be considered t o  be s i m i l a r  t o  t h a t  of the 

a t tack  of n i t r i c  ac id  on anthrarene t o  y i e l d  anthraquinone. The in termedia te  acylammonium s a l t  

63 (108) would be expected t o  hydrolyse r a p i d l y  t o  the  keto ac id  (104, R=H). La ter  work , 

however, had shown t h a t  treatment o f  the  ac r i d i z i n i um ion  w i t h  a mix ture  of n i t r i c  ac id  and 
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su lphv r i c  a c i d  a t  -5' r esu l t ed  i n  t he  format ion o f  a  monon i t roacr id iz in ium s a l t  which on oxida- 

t i o n  w i t h  concentrated n i t r i c  ac i d  a t  100' a f f o rded  2-(2-carboxynitrobenroy1)pyridine (1091, 

which on decarboxylat ion,  y i e l d e d  2-(2-nitrobenzoyl)pyridine, conf i rming t h a t  t he  o r i g i n a l  n i t r a -  

t i o n  product  was t he  1 0 - n i t r o  d e r i v a t i v e  (110).  It was concluded t h a t  ox i da t i on  must precede 

n i t r a t i o n  o r  e l s e  the  product  would be 110 and there fore  102 cannot be an intermediate as i t  has 

been recovered unchanged when subjected t o  t he  cond i t ions  o f  the  o x i d a t i v e  n i t r a t i o n  

HOOC acQ NO2 @q 
NO2 

1 0 9  110 

The reduc t i on  o f  t he  ac r i d i z i n i um nucleus can be made t o  occur stepwise. : l i t h  a pal ladium 

ca ta l ys t ,  the  reduc t i on  may be i n te r rup ted  a f t e r  t he  a d d i t i o n  o f  one mole of hydrogen, a f f o r d i n g  

6,11-dihydroacridizinium i o n  (111).  With a  subs t i t uen t  a t  6- and 11-pos i t ions ,  reduct ion  over  

a  pal ladium c a t a l y s t  l i kew ise  af forded a  6 , l l - d i hyd ro  de r i va t i ve .  With a p la t inum c a t a l y s t  both 

r i n g s  common t o  t he  n i t r ogen  atom are  reduced, a f f o r d i n g  benzo[b]octahydroquinolizinium s a l t  



(112) 16. The same compound (112) was obtained, when sodium borohydride was used as a  

reducing agent 67. The ac r i d i z i n i um ion  was found t o  be more sens i t i ve  t o  l i g h t  than i s  anthra- 

cene, bu t  l i k e  it, i s  be le ived t o  undergo photodimerisat ion through the meso pos i t ions  68. The 

photodimer (113) when re f l uxed  f o r  24 hours w i t h  48% hydrobromic ac id  remained unchanged, bu t  

re f l ux ing  i t  i n  95% ethanol s o l u t i o n  f o r  18 hours a f fo rded ac r i d i z i n i um bromide i n  82% y i e l d .  

Act ion of Bases 

The ac r i d i z i n i um i o n  i s  q u i t e  s tab le  i n  ac id  s o l u t i o n  bu t  i s  sens i t i ve  t o  a t tack  by 

bases. i t  has been repor ted 57'38,69 t h a t  add i t i on  o f  base t o  an aqueous so lu t i on  o f  a c r i d i r i -  

nium ion  leads t o  the  p r e c i p i t a t i o n  o f  a  red o r  brown powder, which could no t  be r e c r y s t a l l i s e d  

and was shown t o  be a  mix ture  o f  the pseudo base (114) and the aldehyde (115).  The s t ruc tu re  

of 115 was establ ished by the  format ion o f  an oxime o r  a semicarbazone, which on r e f l u x i n g  fo r  

8 
B r 

OHC 

1  hour i n  hydrobromic acid, was converted t o  ac r i d i z i n i um bromide i n  91% y i e l d .  

It has a lso  b w n  recor ted 5 7  t h a t  ac r i d i z i n i um bromide on treatment w i t h  phenylmapesium 

bromide resu l t ed  i n  the format ion o f  a  dihydro base (116), which on r e f l u x i n g  w i t h  e thano l ic  
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p i c r i c  a c i d  y i e l d e d  t h e  p i c r a t e  of t h e  base 116 and n o t  t h e  p i c r a t e  o f  t h e  a romat i c  q u a t e r n a r y  

s a l t  (117)  as r e p o r t e d  e a r l i e r  69. The s t r u c t u r e  o f  

t i o n  of 116 t o  118 and by an independent  s y n t h e s i s  o f  

117 was f u r t h e r  e s t a b l i s h e d  by t h e  o x i d a -  

t h e  d i k e t o n e ,  2-(2-picolinyl)benzophenone. 

Condensat ion o f  p h e n y l a c e t o n i t r i l e  w i t h  a c r i d i z i n i u m  bromide i n  t h e  presence o f  b a ~ e ~ " ~ '  

r e s u l t e d  i n  t h e  f o r m a t i o n  o f  2-(2-(d-cyanostyry1)benzyl)pyridine (120)  and n o t  121 as was r e p o r t e d  

e a r l i e r .  T h i s  seems p o s s i b l e  o n l y ,  i f  one assumes t h a t  t h e  f o r m y l b e n z y l p y r i d i n e  (115)  was an 

i n t e r m e d i a t e  i n  t h e  condensa t ion  r e a c t i o n .  

Sul phona t ion  

Fozard and Jones 70 '71 have demonstrated t h a t  i n  t h e  presence o f  an a c t i v a t i n g  group,  t h e  

q u i n o l i z i n i u r n  i o n  does appear t o  undergo 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 .  When a c r i d i z i n i u m  bromide 

72 was d i s s o l v e d  i n  20% fuming s u l p h u r i c  a c i d ,  a  s u l p h o b e t a i n e  (122)  was o b t a i n e d  i n  82% y i e l d  . 

O x i d a t i o n  w i t h  n i t r i c  a c i d  o f  i t s  phenyl  su lphone d e r i v a t i v e  (123)  gave a  k e t o  a c i d  (124) ,  t h e  

s t r u c t u r e  o f  wh ic l i  was e s t a b l i s h e d  by an independent  s y n t h e s i s  showing the reby ,  t h a t  s u l p h o n a t i o n  

has o c c u r r e d  a t  t h e  1 0 - p o s i t i o n  72 .  The f o r m a t i o n  o f  122 was r a t i o n a l i s e d  on t h e  b a s i s  t h a t  t h e  

1 0 - p o s i t i o n  i s  a n d  r a t h e r  than  a p p o s i t i o n ,  and u n l i k e  t h e  p o s i t i o n  7  i s  n o t  a  p o s i t i o n  wh ich  

bears  a  ~ o s i t i v e  charae  i n  t h e  resonance h y b r i d  
HOOC W&cc'J 

SO2 6 S O 2  CsH5 { SOzC6H5 

122 123 124 

Halogena t ion  

The mechanism o f  h a l o g e n a t i o n  of t h e  a c r i d i z i n i u m  i o n  appears l e s s  c l e a r .  A d d i t i o n  o f  



bromine t o  the ac r i d i z i n i um ion (125) i n  the absence o f  the so lvent  resu l t ed  i n  the format ion 

of an add i t i on  compound (126) i n  which bromine was supposed t o  have added t o  the 7,8,9 and 

10 pos i t ions  73 . This i s  i n  agreement t o  the add i t i on  of bromine t o  the terminal  r i n g  of 

9.10-dichloroanthracene 74 . The new ca t i on  126 reve r t s  back t o  the  

a c r i d i r i n i u m  ion  on heating, and on treatment w i t h  sodium acetate afforded 10-bromoacridizinium 

i o n  (127) . Bromination i n  the presence of aluminium bromide and dimethylformamide y ie lded  

the 11-bromo d e r v i a t i v e  (128) , wh i l e  from the ch lo r i na t i on  w i t h  su lphury l  ch lor ide ,  l l - c h l o r o -  

6 3-benzo[b]quincl izine-6-one (1  21) was i so la ted .  

11' a?%,rs r o s t  l i k e l y  tha t ,  under t h r  ex!:erimental cond i t ions ,  i t ie  acr id iz in ius !  nucleus l i k e  

t h i t  ;f anihracene was c l \ l c r i n a t e d  i n  the  reso !?osi t ions ? f f c rd inz . t he  6 , l l - d i ch lo ro -  

ac r i d i z i n i um cat ion ,  which then undergoes nuc leoph i l i c  a t tack  by water a t  the ac t i ve  6-posi t ion,  

y i e l d i n g  the ch lorobenzoquin in l iz ine-6-one  (129) . Halogenation by sulphuryl  ch lo r i de  i n  t h ~  

absence of d imethyl fonamide afforded 7, 10-d ich loroacr id iz in ium ion  (130) , the s t ruc tu re  of 

which was es tab l ished by an independent synthesis.  Halogenation o f  the ac r i d i z i n i um ion  con- 

t a i n i n g  an a c t i v a t i n g  subs t i t uen t  was shown t o  y i e l d  a  mono de r i va t i ve .  Thus brominat ion of 

8-hydroxyacr id iz in ium bromide (131) i n  a c e t i c  ac id  afforded 7-bromo-8-hydroxyacr id iz in ium bro- 

mid? (!32). . Using sulphuryl  ch lo r i de  i n  dimethylformarnide, 8-methoxyacridizinium ch lo r i de  
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(133)  gave t h e  co r respond ing  7 - c h l o r o  d e r i v a t i v e  i n  60% y i e l d  76 

131. R  = H .  Z  = B r  1 3 2  . R = H .  X =  B r  

133, R  = C H 3 . Z =  C l  1 3 4 , R = H ,  X =  C I ,  Z =  P ic  

Transannu la r  A d d i t i o n  o f  D i e n o p h i l e s  

The o b s e r v a t i o n  t h a t  a c r i d i z i n i u m  bromide undergoes p h o t o d i m e v i s a t i o n  suggested t h a t  i t  

m i g h t  a l s o  resemble an th racene  77-79 , i n  f u n c t i o n i n g  as t l l e  d i e n e  component i n  t h e  D i e l s -  

A l d e r  r e a c t i o n .  I n  f a c t  i t  had been shown t h a t  a c r i d i z i n i u m  i o n  adds up s u b s t i t u t e d  e t h y l e n e s  

ac ross  t h e  meso p o s i t i o n s  o f  t h e  nuc leus .  The f i r s t  example i n v o l v e d  t h e  a d d i t i o n  o f  t h e  common 

d i e n o p h i l e s ,  m a l e i c  anhydr ide,  ma lea te  and fumera ra te  e s t e r s  . L a t e r  work w i t h  t h e  c y c l o -  

a d d i t i o n  r e a c t i o n s  i n c l u d e d ,  a c r y l o n i t r i l e ,  ke tene  a c e t a l s  81 a ry lma le im ides  and n o r -  

bornene d e r i v a t i v e s  '' . The r e s u l t s  a r e  surnmerised i n  Tab le  V I I .  A l l  t hese  r e a c t i o n s  a r e  

un ique  example o f  D i e l s - A l d e r  r e a c t i o n  i n  wh ich  t h e  "d iene"  component bo re  a  p o s i t i v e  charge 

A d d i t i o n  o f  m a l e i c  anhydr ide  t o  a c r i d i z i n i u m  bromide i n  a c e t i c  a c i d  a f f o r d e d  an adduc t  (134)  

wh ich  on h y d r o l y s i s  w i t h  p e r c h l o r i c  a c i d  f o l l o w e d  by e s t e r f i c a t i o n  o f  t h e  h y d r o l y s e d  p r o d u c t  

(135)  r e s u l t e d  i n  t h e  fo rmat ion  o f  c i s  d i m e t h y l  e s t e r  (136)  . The a n t i  c o n f i g u r a t i o n  w i t h  

r e s p e c t  t o  t h e  benzene r i n g ,  s i n c e  t h e  i n f r a r e d  and nmr s p e c t r a  

showed p r o x i m i t y  o f  one o f  t h e  carbomethoxy groups t o  t h e  q u a r t e r n a r y  n i t r o g e n  atom . Wi th  

methy l  maleate,  an adduct  137 was i s o l a t e d  i n  43% y i e l d  and was des igna ted  syn c o n f i g u r a t i o n .  

I n  t h i s  r e a c t i o n  a  rea r ranged  p r o d u c t  (130)  was a l s o  o b t a i n e d  i n  13% y i e l d .  I t  i s  most  l i k e l y  



t h a t  t h e  a d d i t i o n  o f  maleate e s t e r s  took p lace  as a  two s t e p  r e a c t i o n  and t h e  carbonium i o n  f i r s t  

f o ~ r n e d  r o t a t e s  through 180' b e f o r e  c y c l i s a t i o n .  I t  was a l s o  shown t h a t  t h e  r e l e a s e  o f  hydrogen 

bromide d u r i n g  t h e  r e a c t i o n  has no b e a r i n g  on t h e  course o f  t h e  r e a c t i o n  84. D i e t h y l  maleate, on 

t h e  o t h e r  hand gave a lmost  e x c l u s i v e l y  a t r a n s  p r o d u c t  (139)  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  when 

d i e t h y l  fumerate was used as t h e  e t h y l e n i c  r e a c t a n t .  The inc reased  r a t e  o f  a d d i t i o n  of fumerate 

was a t t r i b u t e d  t o  t h e  s t e r i c  r a t h e r  than  e l e c t r o n i c  e f f e c t ,  o therw ise  t h e  o r d e r  o f  r e a c t i v i t y  

shou ld  be reversed  i n  go ing  f rom a  c l a s s i c a l  t o  an i n v e r s e  e l e c t r o n  demand type  o f  1.4-cyc lo-  

a d d i t i o n .  

F i e l d s ,  Regan and Dignan have r e p o r t e d  t h a t  ketene a c e t a l s  r e a c t  r a p i d l y  and s te reose lec -  

t i v e l y  by D i e l s - A l d e r  a d d i t i o n  w i t h  a  v a r i e t y  o f  t ypes  of a z o n i a p o l y c y c l i c  a romat i c  compounds 

(Tab le  VII). W i t h o u t  e x c e p t i o n  t h e  c y c l o a d d i t i o n  gave t h e  p o s i t i o n a l  isomers w i t h  t h e  a lkody  

140 
141.NR2= morpholino 
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groups nonadjacent  t o  t h e  qua te rnary  n i t r o g e n  as a m i x t u r e ,  where p o s s i b l e ,  o f  two geomet r i ca l  

forms i n  which t h e  R group r e s i d e s  e i t h e r  syn o r  a n t i  t o  t h e  qua te rnary  n i t r o g e n .  

It was a l s o  shown t h a t  t h e  r e a c t i o n  o f  l , l - d i m o r p h o l i n o  e t h y l e n e  w i t h  t h e  a c r i d i z i n i u m  

bromide gave 2-morpholino-I-(2-pyridy1)naphthalene (140)  p robab ly  r e s u l t i n g  f rom an e l i m i n a t i o n  

r e a c t i o n  i n v o l v i n g  enamine (141)  as an i n t e r m e d i a t e  81. When t h e  ke tene  a c e t a l  adducts (142)  

were sub jec ted  t o  a c i d  h y d r o l y s i s ,  c leavage occur red  w i t h  t h e  f o t m a t i o n  o f  9,10-dihydro-12-0x0- 

4a-azonia-9,10-ethanoanthracenes (143)  as an i n t e r m e d i a t e  p roduc t  and depending on t h e  n a t u r e  o f  

t h e  R group a t  C - l l ,  1 4 3  proved t o  be more o r  l e s s  l a b i l e  t o  a c i d i c  as w e l l  as b a s i c  reagen ts .  

Table V I I  

Adducts of A c r i d i z i n i u m  I o n  and D ienonh i les  

D i e n o p h i l e  React ion Cond i t ions  
s o l v e n t  Temp. 

- 

CH2C(OEt)2 

BrCH=C(0Et)2 

CH3CH=C(OEt)2 

C6H5CH=C(OEt)2 

C6H5CH=CHN(Et)2 

Cyclopentadiene 

Cyclopentene 

n a l e i c  anhydr ide  

Diethv!  mr?m:e 

Hr. 
- 

15 

66 

18 

18  

43 

2.5 

1 .5  

0.1 

2  

0.1 

0.1 

0.1 

1.5 

96 

13 

48 

Y i e l d %  R e f ,  

- 



Table V I I  cont inued ...... 

D ie thy l  fumerate E 105 10 54 80 

Dimethyl maleate E 100 72 60 82 

Dimethyl fumerate E 100 24 96 82 

Reaction media: A = methanol i n  autoclave; B = nitromethane ; 

C = a c e t o n i t r i l e ;  D = acetonitrile-methanol(3:l by volume); E =acet ic  ac id  

B. Add i t ion  o f  V iny l  de r i va t i ves  t o  Acr id iz in ium Bromide s a l t s  

V iny l  d e r i v a t i v e  R1 R2 Temp. Time Method Y i l e d  Ref. 
ur  

O E t  H O E t  20 72 A 91 86 

0Et Ph 0Et 20 72 A 33  86 

OBu H OBu 82 12 B 64 86 

OAc H 0Ac 65 72 A 89 86 

A = Fluoroborate s a l t s  were prepared by adding f l uo robo r i c  ac id  t o  the known 

bromide: B = add i t i on  o f  f l uo robo r i c  ac id  ins tead o f  pe rch lo r i c  ac id  i n  the  

i s o l a t i o n  OF the ca t i on  from polyphosphoric ac id  c y c l i s a t i o n  mixtures.  

C .  Products o f  the Reaction o f  Some Ac r i d i r i n i um Fluoroborates w i t h  Der iva t ives  of Acety- 

lene a t  135-140' 
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R1 R2 R3 Time Hr.  y i e l d  % Ref. 

Me H P h 0.15 62 86 

Ph H Ph 0.75 50 86 

Me COOCH3 COOCH3 0.10 93 86 

Ph COOCH3 COOCH3 0.175 30 86 

Me Ph Ph 40 85 86 

P h Ph Ph 239 40 86 

0. C y c l o a d d i t i o n  p r o d u c t s o f  A c r i d i z i n i u m  S l a t s  w i t h  N-Ary lmale imides 

X Y Method Y i e l d  % Ref. 

C104 H A 95 91 

B r  H A 90 91 

B r  H B 75 91 

CIOq Pe B 70 91 

Br Me B 70 91 

C104 C1 A 90 91 

B r C1 A 90 91 

Br C1 B 7 5  91 

C104 OMe A 90 91 

B r  OMe A 90 9 1 

B r  OMe e 90 91 

C104 iNiPee) A GO I 1  

A = P ~ c r i i l i z i n i u m  s a l t  was heated i n  a c e t i c  a c i d  suspension a t  100' w i t h  an excess of 

male imide,  t h e  t i m e  be ing  about  20 hours i m r  p e r c h l o r a t e  and 2 hours f o r  bromides 
B = The mo l ten  r e a c t a n t s  were heated a t  160-170' f o r  15 min.  



E. A d d i t i o n  of endo 5 .6 -subs t i tu ted  Norbornenes t o  A c r i d i z i n i u m  F luorobora tes  

S u b s t i t u e n t  r i n g  R Time Temp 

None 24 8za 

(CH2)3 48  8za 

CONHCO 72 8za 

CON(CH3)C0 120 8za 

COOCO 96 1  2op 

CH20CH2 24 8za 

C H ~ N H ~ + C H ~  96 12oP 

Conf igu ra t ion  Y i e l d  Ref. 
syn: a n t i  

60:40 02 92 

85:15 42 92 

1OO:O 62 92 

1OO:O 99 92 

1OO:O 25 92 

1OO:O 53 92 

70:30 22 92 

a  = Re f lux ing  a c e t o n i t r i l e  ; p = Sealed tube  

More s i g n i f i c a n t  a p p l i c a t i o n s  of t h e  r e a c t i o n  p roduc ts  o f  t h e  a c r i d i z i n i u m  i o n  w i t h  a lkenes 

have been made by F i e l d  e t  a1 . According t o  t h e  au thors  i f  t h e  cyc loadduc t  142 i s  

reduced, t h e  p roduc t  when hydro lysed  and heated l o s e s  u n i d e n t i f i e d  amine p roduc ts  a f f o r d i n g  the  

n i t r o g e n  f r e e  naphthol  ( 1 4 3 ) .  

Another  i m p o r t a n t  o b s e r v a t i o n  by F i e l d  e t  a1 was t h a t  t h e  a c r i d i z i n i u m  i o n  ( 2 9 )  w i l l  

undergo c y c l o a d d i t i o n  w i t h  benzyne, a f f o r d i n g  a r o n i a t r i p t y c e n e  (144)  i n  good y i e l d .  The presence 

of a  phenyl group a t  p o s i t i o n  I1  (29,R,=Ph) d i d  n o t  i n t e r f e r e  w i t h  t h e  c y c l o a d d i t i o n  n o r  d i d  a 

v a r i e t y  o f  s u b s t i t u e n t s  on r i n g  C. F i e l d  e t  a1 lo2 have f u r t h e r  shown t h a t  t h e r m o l y s i s  o f  t h e  

adduct  (144)  af forded 9 - (2 -py r idy1)an th racene  d e r i v a t i v e s  (145) ,  whil- +l-e second i n v o l v e s  

t h e r m o l y s i s  of t h e  r e d u c t i o n  p roduc t  o f  (144)  a f f o r d i n g  anthracene d e r i v a t i v e s  (146)  i n  e x c e l l e n t  
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y i e l d  Io3 

F i e l d  and M i l l e r  Io4 have shown t h a t  c yc l oadd i t i on  occurred across the  meso p o s i t i o n  of  

quinone d e r i v a t i v e s  (147)  and (148) w i t h  excess cyclopentadiene b u t  i n  bo th  instances t he re  was 

a  second a d d i t i o n  i n v o l v i n g  t h e  quinone r i n g  y i e l d i n g  what were be l i eved  t o  be 149 and 150 res -  

p e c t i v e l y .  

Bradsher and Day 85 have repo r t ed  t h a t  i n  the  cyc l oadd i t i on  of a l k y l  v i n y l  ethers and cyc lo -  

pentadiene t o  t h e  a c r i d i z i n i u m  ion ,  extreme s t e r e o s e l e c t i v i t y  was observed. The product  (153 and 

154) obtained were shown t o  have syn con f i gu ra t i on  w i t h  respec t  t o  the  phenylene r i n g  These 

r e s u l t s  are i n  agreement t o  those observed w i t h  t h e  cyc l oadd i t i on  r eac t i ons  o f  2,3-dimethyl iso-  

qu i no l i n i um  i o n  87-89, The r e s u l t s  were d i s t i n c t l y  d i f f e r e n t  types o f  f ragmentat ion t o  y i e l d  1- 

(2-pyr idy1)Z-naphthols (151) and/or 9,lO-(carboxymethy1)-4a-azoniaanthracene s a l t s  (152) ,  t h e  

80 l a t t e r  being t h e  major  product  . 



. . 
Cont raa ry  t o  t h e  r e s u l t s  o b t a i n e d  b y  F i e l d  e t  a l . " ,  Bradsher  and Burnham 86 have r e p o r t e d  

t h a t  t h e  c y c l o a d d i t i o n  of l e s s  e l e c t r o n  d e f i c i e n t  a c e t y l e n e  d e r i v a t i v e s  c o u l d  be made t o  succeed 

a t  h i g h e r  tempera tu res .  A l though  w i t h  phenyl  ace ty lene ,  a c r i d i r i n i u m  i o n  y i e l d e d  a  rea r ranged  

p r o d u c t  (155)  s i m i l a r  t o  t h e  one r e p o r t e d  by F i e l d s  e t  al. 86 i n  t h e  c y c l o a d d i t i o n  o f  d i m o r p h o l i n o -  

e thy lene ,  b u t  1 1 - m e t h y l a c r i d i z i n i u m  i o n  a f f o r d e d  t h e  normal adduct  (156)  w i t h o u t  any rearrangement  

thus  demonstrat ing,  t h a t  phenyl  a c e t y l e n e  adds t o  1 1 - m e t h y l a c r i d i z i n i u m  i o n  w i t h  t h e  same r e g i o -  

s p e c i f i c i t y  as does s t y r e n e .  
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TO f i n d  o u t  any p o s s i b l e  a l t e r a t i o n  i n  t h e  s t e r e o c h e m i s t r y  of t h e  c y c l o a d d i t i o n  o f  N - a r y l -  

male imides t o  t h e  a c r i d i r i n i u m  i o n  by changing t h e  p o l a r i t y  o f  t h e  N - a r y l  group.  Bradsher  and 

Harvan have observed t h a t  c y c i o a d d i t i o n  occurs  s t e r e o s p e c i f i c a l l y  a n t i  w i t h  r e g a r d  t o  t h e  benz- 

e n o i d  nuc leus .  The m a l e i n ~ i d e  adduct  (157)  on h e a t i n g  w i t h  48% hydrobromic  a c i d  y i e l d e d  a  t r a n s -  

d i a c i d  (158)  whereas p y r o l y s i s  a f f o r d e d  t h e  d e r i v a t i v e  o f  U-ary l -1-(2-pyr idy1)naphthalene-2,3-di -  

ca rbox im ide  (159) .  

A d d i t i o n  o f  t h e  a c r i d i r i n i u r n  i o n  t o  norbarnene (160)  gave an ex0 a d d i t i o n  p r o u d c t  (161)  and 

(162) .  Norbornene d e r i v a t i v e s  wh ich  had an endo r i n g  a t t a c h e d  a t  p o s i t i o n  5 and 6 gave predomi- 

n a n t l y  syn a d d i t i o n  w i t h  r e s p e c t  t o  benzenoid r i n g ,  t h e  h i g h e s t  y i e l d s  were o b t a i n e d ,  when h e t r o  

atom was i n  t h e  r i n g .  T h i s  s t e r e o s e l e c t i v i t y  has been a t t r i b u t e d  t o  t h e  a t t r a c t i o n  of t h e  un- 

shared e l e c t r o n s  a v a i l a b l e  on t h e  c e n t r a l  atom o f  t h e  endo r i n g  t o  t h e  p o s i t i v e  charge o f  t h e  

a c r i d i r i n i u m  n i t r o g e n .  Norborene-exo-5 ,6 -d ica rboxy l i c  a n h y d r i d e  on t h e  o t h e r  hand gave a  



m i x t u r e  f rom wh ich  a  pure a n t i  adduct  ( 1 6 3 )  was i s o l a t e d  i n  an o v e r a l l  y i e l d  o f  15%. 

A d d i t i o n  o f  two moles o f  a c r i d i z i n i u m  i o n  t o  no rbornad iene  a f fo rded  t h e  syn, syn d i a d d u c t  

(164)  i n  15% y i e l d  ''. 

01  
The c l a s s i c a l  paper  of Sauer and Wies t  - -  concern ing  t h e  e x i s t e n c e  o f  D i e l s - A l d e r  r e a c t i o n s  

w i t h  i n v e r s e  e l e c t r o n  demand f i r s t  made i t  p o s s i b l e  t o  understand,  how a  c a t i o n  c o u l d  f u n c t i o n  as 

a  "d iene" .  A c r i d i z i n i u m  i o n  does n o t  undergo c y c l o a d d i t i o n  w i t h  t h e  e l e c t r o n  d e f i c i e n t  t e t r a c y a -  

noe thy lene  b u t  does r e a c t  w i t h  t h e  e l e c t r o n  r i c h  s ty rene .  S y n t h e t i c  and k i n e t i c  83 ev idence  

has shown beyond doubt  t h a t  t h e  i o n  f u n c t i o n s  as t h e  e l e c t r o n  d e f i c i e n t  spec ies .  Rates o f  a d d i -  

t i o n  o f  para s u b s t i t u t e d  s t y r e n e  t o  t h e  a c r i d i z i n i u m  i o n  f o l l o w s  t h e  i n v e r s e  e l e c t r o n  demand 

p a t t e r n ,  p - n i t r o s t y r e n e  b e i n g  s l o w e s t  and p-methoxystyrene b e i n g  f a s t e s t  i n  t h e  s e r i e s .  



HETEROCYCLES, Vol  14, No. 12, 1890 

The fo rmat ion  of an adduct  (165)  was r a t i o n a l i s e d  by sugges t ing  t h e  f o r m a t i o n  of a  b e n z y l i c  

carbonium i o n  (166)  as an i n t e r m e d i a t e  wh ich  c o u l d  then  c y c l i s e  by a t t a c k  o f  t h e  e l e c t r o n s  a t  p o s i -  

83 t i o n  11, sugges t ing  f u r t h e r  t h a t  t h e  r e a c t i o n  occurs  th rough  a  r e g i o s p e c i f i c  r e a c t i o n  . 

W i t h  a  s u b s t i t u e n t  a t  p o s i t i o n  9  i n  t h e  a c r i d i z i n i u m  i o n  where by resonance e f f e c t s  c o u l d  n n t  

be r e a d i l y  t r a n s m i t t e d  t o  p o s i t i o n  6, w h i l e  s t e r i c  e f f e c t s  would b e  min imized,  t h e  rate of a d d i -  

t i o n  o f  s t y r e n e  was shown t o  b e  a c c e l e r a t e d  by e l e c t r o n  w i t h d r a w i n g  s u b s t i t u e n t s  and t h e  r a t e s  

a f f o r d e d  a  s i g n i f i c a n t  Hamnett p l o t  94. I t  was a l s o  e x p l a i n e d  t h a t  t h e  9 - s u b s t i t l i e n t s  a f f e c t e d  

t h e  c y c l o a d d i t i o n  r a t e  by a l t e r i n g  t h e  a v a i l a b i l i t y  o f  t h e  p o s i t i v e  charge a t  p o s i t i o n  6  o f  t h e  

a c r i d i z i n i u m  i o n .  On t h e  o t h e r  hand, a c r y l o n i t r i l e  was shown t o  be somewhat l e s s  respons ive  t o  

p o l a r  i n f l u e n c e s  t h a n  s ty rene ,  b u t  r e a c t e d  by t h e  same mechanism i n v o l v i n g  an e l e c t r o p h i l i c  a t t a c k  

upon t h e  a l kene  by t h e  p o s i t i v e l y  charged 6 - p o s i t i o n  o f  t h e  a c r i d i z i n i u m  nuc leus .  The i n t r o d u c t i o n  

of a methy l  group a t  6 - p o s i t i o n  o f  t h e  a c r i d i z i n i u m  i o n  was shown t o  s low t h e  r e a c t i o n  s i g n i f i -  

c a n t l y .  On t h e  o t h e r  hand i n t r o d u c t i o n  of a  methy l  g roup  a t  p o s i t i o n  I 1  produced o v e r  a  13 f o l d  

i n c r e a s e  i n  t h e  r a t e  o f  c y c l o a d d i t i o n  w i t h  s t y r e n e  84. T h i s  must  be due t o  t h e  f a c t  t h a t  t h e  methyl 

a t  p o s i t i o n  11 i s  under  s t r a i n  as t h e  r e s u l t  o f  p e r i  i n t e r a c t i o n  w i t h  a d j a c e n t  hydrogens and t h a t  

89 t h i s  s t r a i n  i s  r e l i e v e d  when t h e  methy l  group moves o u t  o f  p lane  d u r i n g  c y c l o a d d i t i o n  (167)  . 

F o r  f u r t h e r  p r o o f  o f  t h i s  e x p l a n a t i o n  r a t e  o f  c y c l o a d d i t i o n  .u i th  ;,ld,Il-trincthylacridizinium i o n  

was s t u d i e d  and i t  wss found t h a t  t h e  r a t e  o f  c y c l o a d d i t i o n  w i t h  s t y r e n e  96 was more than  t e n  

t imes  t h a t  o f  t h e l l -  me thy l  d e r i v a t i v e  and t h i s  r e s u l t  was taken  as a  d i r e c t  ev idence  o f  s t e r i c  

a c c e l e r a t i o n  97 r a t h e r  than  e l e c t r o n i c  i n  o r i g i n  98. 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 h  an th racene  

d e r i v a t i v e s  ", where t h e  i n t r o d u c t i o n  o f  methy l  croups i n t o  b o t h  o f  t h e  meso p o s i t i o n s  an th ra  



~ . R , = R ~ = R ~ =  H 

b.RI ' R P = H ,  R3=Me 
C I Rl = R 2  = R3= Me 

cene resu l t ed  i n  a  218-fold acce lera t ion  o f  the r a t e  of cyc loadd i t ion  w i t h  maleic anhydride, wh i le  

methoxyl groups a t  the  same pos i t i ons  resu l t ed  i n  decrease i n  ra te .  I t  has a lso  been c l a r i f i e d  

t h a t  the decrease i n  r a t e  i s  no t  due t o  the  impaired cop lanar i ty  but more l i k e l y  due t o  the 

greater  e f f ec t i ve  s i ze  of the methyl group, which i s  a c t u a l l y  more responsible f o r  the r a p i d  r a t e  

o f  cyc loadd i t ion  f o r  9,lO-dimethylanthracene. The ra tes  o f  cyc loadd i t ion  o f  var ious dienophi les 

are given i n  Table V I I I .  

l h e  presence o f  a  methyl group a t  p o s i t i o n  I 1  o f  the ac r i d i z i n i um ion  causes an enhancement 

i n  the r a t e  o f  cyc loadd i t ion ,  bu t  s i m i l a r  enhancement i n  the  r a t e  a t  the  other meso p o s i t i o n  i s  

n o t  seen, which has now been a t t r i b u t e d  t o  the e lec t ron  deficiency, which i s  repons ib le  f o r  an en- 

t ropy e f f e c t  l a rge  enough t o  overwhelm any s t e r i c  acce lera t ion  expected from the r e l i e f  of a  pe r i  

s t r a i n  lo4. Arrhenius a c t i v a t i o n  energy measurements have fu r the r  shown, t h a t  the  energy of a c t i -  

va t ion  f o r  t h e  formation of the  styrene cycloadduct from 6-methylacr id iz in ium ion was a c t u a l l y  

lower by 1 . I .K  cal/mol than t h a t  f o r  the  s i m i l a r  react ion  o f  the ac r i d i z i n i um ion. S i m i l a r l y  

l a rge  negat ive entropy a c t i v a t i o n  (-37.6 eu) fo r  a methyl group a t  pos i t i on  6  i n  comparison w i t h  a  

less  important entropy f a c t o r  ( -  34.7 eu) f o r  a  methyl group a t  pos i t i on  I 1  supports the  evidence 

concerning t h e  importance o f  p o s i t i o n  6 i n  the r a t e  determining s tep of cyc loadd i t ion  of a c r i d i z i -  

nium s a l t s  

As regards the mechanism o f  c a t i o n i c  po la r  cyc loadd i t ion  spectroscopic evidence has i n d i -  

cated t h a t  the  ac r i d i z i n i um ion  form charge t rans fe r  complexes w i t h  donor molecules. Analysis 

o f  the second order r a t e  constant f o r  the  cyc loadd i t ion  o f  N-v iny lcarbaro le  w i t h  the ac r i d i z i n i um 

ion  has also shown a  decrease i n  the r a t e  constant w i t h  increased concentrat ion of N-vinylcarba. 

zole.  These data have been i n te rp re ted  as evidence of a  charge t r a n s f e r  complex i n  the react ion  

mixture.  The di f ferences i n  the energies o f  a c t i v a t i o n  f o r  react ion  v i a  the regiosomeric and 

stereomeric t r a n s i t i o n  s ta tes  must i n  most cases a r i s e  from d i f fe rences i n  the  po la r  inf luences 

105 
l y i n g  along the reac t i on  pathway which must inc lude the i n i t i a l  f r o n t i e r  o r b i t a l  i n t e r a c t i o n  . 
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TABLE VII I  

Rate o f  Cyc loadd i t ion  o f  Styrene t o  Ac r i d i z i n i um perch lor at^ 
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NMR s tud ies  o f  a l a rge  number o f  adducts obtained from the a c r i d i r i n i u m  ion,  F i e l d  e t  a1 81 

concluded t h a t  bc th  syn and a n t i  add i t i on  products has occurred i n  every case. However separat ion 

o f  syn and a n t i  add i t i on  products had never been achieved. Bradsher and Westermann lo6 were the 

f i r s t  t o  achieve such separat ion i n  case of styrene adduct (168 and 169) by f r a c t i o n a l  c r y s t a l l i -  

sa t i on  using I-butanol  as a so lvent .  

169. anti isomer. m.p. 203-20$ 

168. Syn isomer.m.p.245 -470 

Syn isomer (168) which was l e a s t  so lub le  was found t o  be the major one. NMR studies of these 

two isomers showed t h e  s igna ls  fo r  two aromatic protons a t  an unusually high f i e l d  6 6.5-6.8. These 

shielded aromatic protons were a t t r i b u t e d  t o  the  phenyl group a t  p o s i t i o n  12 atop the br idge and 

r e s u l t s  from the two o r tho  hydrogens sweeping through t h e 7  cloud of the  phenylene o r  the  p y r i d i -  

nium r i n g .  Another s igna l  useful f o r  d i s t i ngu i sh ing  stereoisomers was the C-4 s igna l  which occurs 

downfield and i s  e a s i l y  i d e n t i f i e d  and measured. I n  the a n t i  isomer (162), C-12 phenyl group i s  

pos i t ioned c o r r e c t l y  t o  s h i e l d  the  13-b proton and t h i s  sh ie ld ing  edge o f  the phenyl group i s  

d i rec ted towards the pyr id in ium r i ng .  This con t r i bu t i on  i s  s i g n i f i c a n t  i n  t h a t  the C-4 hydrogen i n  

the a n t i  i s m e r  i s  centered a t  6 9.20, whereas the corresponding syn absorbance occurs a t 6 9 . 7 .  

Some of these differences i n  the  NMR spectra have been used i n  i d e n t i f y i n g  the syn and a n t i  adduck 

i n  case o f  p-methoxystyreneacr id iz in ium adducts on the basis o f  t h e i r  ABMXY pat terns ,  making i t  

poss ib le  t o  assign t o  the  a n t i  isomer the  methoxy s igna l  occur r ing  a t  the  lower f i e l d .  On a s imi la r  

basis an adduct obtained from p-methylstyrene and the a c r i d i r i n i u m  ion  revealed t h a t  the  methyl 

group a t  lower f i e l d  was t h a t  of the a n t i  isomer, whereas i n  an adduct of 4 -me thy l s t y rene  and 

a c r i d i r i n i u m  ion,  the  C-12 methyl group was pos i t ioned above the pyr id in ium r i n g  (170).  I t s  s igna l  

appeared a t  a lower f i e l d  than tha t  of a stereoisomer i n  which the methyl group was over a pheny- 

lene r i ng .  I n teg ra t i on  o f  the  s igna ls  showed t h a t  64% o f  the methylstyrene adduct had the phenyl 
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group i n  t h e  syn p o s i t i o n  (170). 

Wi th  an adduct of  s ty rene and 9-methy lacr id iz in ium ion ,  two d i s t i n c t  methyl resonances were 

observed. The h i ghe r  i n t e n s i t y  one was i d e n t i f i e d  due t o  t h e  syn isomer (172) as t h i s  isomer can 

produce t h e  maximum sh ie l d i ng .  With the  syn isomer, t h i s  s h i e l d i n g  i s  magni f ied when the  a r y l  

group i s  constra ined i n  a  r i g i d  con f i gu ra t i on  as i n  case of  acenaphthalene adduct (173 and 174) 

i n  which case C-4 pro ton  s i gna l  f o r  t h e  a n t i  isomer (173) appeared a t  '7'8.35 compared t o  the  h igh  

me l t i ng  syn isomer (174) w i t h  t h e  value f o r  the  C-4 pro ton  a t  T 9.13. 

These d i f f e rences  i n  NMR spec t ra  have been u t i l i s e d  i n  determining t h e  isomer ic  composi t ion 

o f  about 25  unseparated mix tu res .  
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