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MEISENHEIMER CODiPLEXES IN AROMATIC NUCLEOPHILIC SUBSTITUTION REACTIONS

ABSTRACT

When t h i s  r e s e a r c h  was commenced i t  was known t h a t  many 

a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t io n s  p roceeded  by a mechanism 

which in v o lv e s  th e  fo rm a t io n  and th e  d ecom posi t ion  o f  a M eisenheim er-  

type  o f  complex. In  some case s  th e  fo rm a t io n ,  and in  o th e r s  the  

d eco m p o si t io n  o f  such a complex was th e  r a t e - d e te r m in in g  s t e p .

However, th e  mechanism o f  fo rm a t io n  and th e  d ecom posi t ion  o f  th e s e  

complexes was n o t  known.

T h is  work r e p r e s e n t s  an a t te m p t  to  e s t a b l i s h  w he the r  o r  n o t  

th e  t r a n s f e r  o f  a hydrogen  atom o r  pho ton  p la y ed  a m ajor p a r t  ' I n  th e  

fo rm a t io n  and th e  decom position  o f  M eisenheim er complexes. The 

methoxy exchange betw een 1-methoxy (C -14) ,  2 , 4 - d i n i t r o n a p h th a l e n e  

and m ethoxide io n s  where th e  d ecom posi t ion  o f  th e  complex i s  r a t e -  

d e te rm in in g  s t e p  has been s tu d ie d  i n  m ethano l and m e th a n o l-o -d  and no 

ev idence  of a p rim ary  k i n e t i c  i s o to p e  e f f e c t  has been found.

Methoxy exchange r e a c t i o n s  a r e  a b le  to  p roceed  in  DMSO 

s o l u t i o n  and have been  s tu d ie d  in  th e  p re s e n c e  of 0.3% o f  m ethanol 

o r  m e th a n o l-o -d  to  a id  s o l u b i l i t y  o f  sodium m ethoxide . K in e t i c  d a t a  

f o r  th e  r e a c t i o n  w ith  p - n i t r o a n i s o l e  where fo rm a t io n  o f  the  complex 

i s  r a t e - d e t e r m in in g  s t e p  a re  in d e p en d en t o f  w he the r  m ethanol o r  

m e th an o l-o -d  i s  used  and g iv e  no ev id en ce  o f  th e  e x i s t e n c e  o f  a 

p rim ary  i s o to p e  e f f e c t .  The enhanced r a t e  o f  such r e a c t i o n s  in  

DMSO as compared w ith  m ethanol as s o lv e n t  have en ab led  k i n e t i c  d a t a  

to  be o b ta in e d  f o r  t h i s  exchange r e a c t i o n  and th e  c h l o r i n e  exchange 

between 1 - c h l o r o , 2 ,4 - d i n i t r o n a p h t h a l e n e  and c h lo r id e  ions  w hich a r e  

too slow to  be s tu d i e d  e a s i l y  i n  m e th an o l.



I t  i s  concluded  t e n t a t i v e l y  t h a t  p ro to n  i n t e r c e s s i o n  i s  

l e s s  im p o r ta n t  in  the  d eco m p o si t io n  of a M eisenheim er complex than  

s o l v a t i o n  of th e  i n c i p i e n t  an io n  (m ethoxide) and i s  l e s s  im p o r ta n t  

in  th e  fo rm a t io n  o f  such a complex th a n  i s  b a se  c a t a l y s i s .
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INTRODUCTION
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NUCLEOPHILIC SUBSTITUTION AT AN AROMATIC CARBON ATOM

In  s u b s t i t u t i o n  r e a c t i o n s ,  a new bond i s  formed between 

th e  r e a g e n t  and th e  atom a t  th e  s e a t  o f  s u b s t i t u t i o n ,  and th e  

e x i s t i n g  bond to  th e  d i s p la c e d  group i s  b ro k en .  Such r e a c t i o n s  

a r e  d e s ig n a te d  " e l e c t r o p h i l i c "  o r  " n u c l e o p h i l i c "  acc o rd in g  to  

w hether  th e  e l e c t r o n s  forming th e  new bond a r e  p ro v id ed  by th e  

atom a t  th e  s e a t  o f  th e  s u b s t i t u t i o n  o r  by th e  e n t e r in g  group 

r e s p e c t i v e l y .  E l e c t r o p h i l i c  s u b s t i t u t i o n  a t  an a ro m a tic  carbon 

atom has been s tu d ie d  e x t e n s i v e ly  f o r  many y e a r s ,  as  have n u c l e o p h i l i c  

s u b s t i t u t i o n  r e a c t i o n s  a t  a l i p h a t i c  carbon  a tom s, b u t  s y s te m a t ic  

i n v e s t i g a t i o n s  o f  a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  have 

been made on ly  co m p a ra t iv e ly  r e c e n t l y .  T h is  i s  p ro b a b ly  because  

a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  i s  a f a i r l y  complex p r o c e s s .  For 

example, th e  e x p e l le d  group i s  r a r e l y  hydrogen , in  c o n t r a s t  to  a ro m a tic  

e l e c t r o p h i l i c  r e a c t i o n s ,  owing to  th e  low s t a b i l i t y  of th e  h y d r id e  

a n io n .  A lso ,  f a c i l e  n u c l e o p h i l i c  s u b s t i t u t i o n  o ccu rs  o n ly  when th e  

n - e l e c t r o n  c loud  i s  p a r t l y  w ithdraw n from th e  p o i n t  o f  a t t a c k  by 

e le c t ro n -w i th d ra w in g  o r  " a c t i v a t i n g "  s u b s t i t u e n t s ,  such as th e  n i t r o  

group which i s  v e ry  e f f e c t i v e  from th e  o r th o  and p a ra  p o s i t i o n s  to  the  

carbon  atom under  a t t a c k .

There a r e  th r e e  w e l l - e s t a b l i s h e d  mechanisms o f  a ro m a tic  

n u c l e o p h i l i c  s u b s t i t u t i o n ,  u n im o le c u la r , which i s  t y p i f i e d  by th e  

u n c a ta ly s e d  d eco m p o si t io n  o f  d iazonium  s a l t s  in  aqueous s o l u t i o n ,  

b im o le c u la r ,  which i s  fo llow ed  by most o f  th e  r e a c t i o n s  so f a r  s t u d i e d ,  

and benzyne , e x e m p li f ie d  by th e  r e a c t i o n s  o f  u n a c t iv a t e d  halogeno 

compounds w i th  s t r o n g ly  b a s ic  r e a g e n t s  such as po ta ssam id e  i n  l i q u i d  

ammonia.
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The b im o le c u la r  mechanism, which i s  fo l low ed  by th e  

r e a c t i o n s  s tu d ie d  in  t h i s  t h e s i s ,  i s  n o rm ally  in d i c a t e d  by th e  

o b s e r v a t io n  o f  second o rd e r  k i n e t i c s  ( i . e .  f i r s t  o rd e r  in  b o th  

s u b s t r a t e  and n u c l e o p h i l e ) , th e  g e n e ra l  dependence o f  s p e c i f i c  r a t e  

on th e  n u c l e o p h i l i c  power o f  th e  r e a g e n t ,  and th e  e f f e c t  o f  groups 

a l r e a d y  p r e s e n t  in  th e  a ro m a t ic  n u c l e u s .  Two a l t e r n a t i v e  mechanisms 

have been s u g g e s te d ,  a o n e - s ta g e  mechanism w i th  synchronous bond- 

form ing and b o n d -b reak in g ,  and a tw o -s ta g e  mechanism in  which an 

in t e r m e d ia te  o f  some s t a b i l i t y  i s  formed and s u b s e q u e n t ly  decomposed.

The o n e - s ta g e  mechanism, p roposed  by Chapman^^^ and by

(2)Hammond , f o r  th e  a t t a c k  on weakly a c t i v a t e d  c e n t r e s  by weak 

n u c l e o p h i l e s ,  in v o lv e s  a t r a n s i t i o n  s t a t e  in  which a r o m a t i c i t y  i s  

r e t a i n e d .  The synchronous bond-form ing  and b o n d -b reak in g  p ro c e s s  

i s  analogous to  th e  SN2 mechanism f o r  a l i p h a t i c  n u c l e o p h i l i c  

s u b s t i t u t i o n ,  b u t  th e  ca rbon  atom a t  th e  r e a c t i o n  c e n t r e  canno t 

accommodate more than  fo u r  a t ta c h m e n ts ,  and a Walden in v e r s i o n  canno t 

ta k e  p la c e .  Some w orkers  r e f e r  to  th e  p ro c e s s  as an "S N 2 -lik e"  

mechanism.

Y

The tw o -s tag e  mechanism, advoca ted  by B unnett and Z a h le r (3)

and o t h e r s r e q u i r e s  an in te rm e d ia te d  of some s t a b i l i t y ,  and th e

b a s i c  scheme may be r e p r e s e n te d  th u s :

X Y
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The mechanism has  r e c e iv e d  c o n s id e r a b le  su p p o r t  from 

v a r io u s  d i r e c t i o n s  and i s  c e r t a i n l y  now w e l l  e s t a b l i s h e d ;  

in t e r m e d ia te  complexes have in  f a v o u ra b le  c a se s  been i s o l a t e d ;  b u t  

even in  ca se s  where i s o l a t i o n  has n o t  been p o s s i b l e  o r  where such 

complexes have been p r e s e n t  in  o n ly  low c o n c e n t r a t i o n s ,  i r r e f u t a b l e  

ev id en ce  f o r  t h e i r  e x i s t e n c e  and p a r t i c i p a t i o n  in  th e  a ro m a tic  

n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n  has f r e q u e n t ly  been o b ta in e d ,

MEISENHEIMER COMPLEXES

(6)M eisenheim er '  i n  1902 p u b l i s h e d  h i s  o f t e n  quoted  p ap e rs  

abou t th e  r e a c t i o n s  o f  n i t r o  a ro m a t ic  compounds w i th  a lk o x id e  an ions  

in  a l c o h o l i c  m ed ia ,  which le d  to  th e  fo rm a t io n  o f  re d  c o lo u re d  

s o l u t i o n s  from which re d  n e e d le s  cou ld  be c r y s t a l l i s e d .  He showed 

t h a t  th e  c r y s t a l s ,  p re p a re d  by th e  a c t i o n  o f  e th o x id e  io n s  on 2 , 4 , 6 -  

t r i n i t r o a n i s o l e ,  decomposed w i th  d i l u t e  a c id  to  g ive  th e  same 

e q u im o le c u la r  m ix tu re  o f  t r i n i t r o a n i s o l e  and t r i n i t r o p h e n e t o l e ,  as  d id  

s i m i l a r  c r y s t a l s  p re p a re d  by th e  a c t i o n  o f  m ethoxide io n s  on 

t r i n i t r o p h e n e t o l e .  M e isen h e im er 's  a n a ly s e s  f o r  th e  two p r e p a r a t i o n s  

of re d  c r y s t a l s  a r e  g iven  i n  T a b l e ! . 1 ,and i t  i s  e v id e n t  t h a t  th e  

e le m e n ta l  co m p o s i t io n s  f o r  b o th  co rre sp o n d s  to  th e  e m p ir ic a l  fo rm ula  

C^Hg(NOg)3 .OCH^.OCgH^.K.

J a c k s o n w a s  in d e p e n d e n t ly  and c o n c u r r e n t ly  s tu d y in g  t h i s  

type  o f  com plexes, and h i s  c o n c lu s io n s  were s i m i l a r  to  th o se  of 

M eisenhe im er.

M eisenheim er concluded  t h a t  th e  s u b s ta n c e  formed was an 

a d d i t i o n  complex in  which th e  a t t a c k i n g  a lk o x id e  had a t t a c h e d  i t s e l f  

to  th e  p o s i t i o n  where th e  a lkoxy  group o f  th e  a ro m a tic  e t h e r  was
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TABLE 1 .1

Element C H N K

Found, 2 , 4 , 6 - t r i n i t r o a n i s o l e / e t h o x i d e 32.89 3.39 12.94 11.76

Found, 2 , 4 , 6 - t r i n i t r o p h e n e to l e / m e t h o x id e 32.80 3.28 12.92 11.95

C a lc u la te d  f o r  C^H2(N02)2.0CH2.0C2H^.K 33.03 3.06 12.85 11.93

a l r e a d y  p r e s e n t .  From th e  deep re d  c o lo u r  o f  th e  ad d u c t ,  M eisenheim er 

c o n s id e re d  i t s  s t r u c t u r e  to  be a d e q u a te ly  r e p r e s e n t e d  by a q u in o n id - ty p e  

arrangem ent ;

Such compounds have come to  be  known as "Meisenheim er 

Complexes" and many of them, w i th  two groups o th e r  than  a lkoxy a t t a c h e d  

to  an a ro m a tic  carbon atom a r e  f a m i l i a r  today  and have been examined 

by te c h n iq u e s  in v o lv in g  v i s i b l e ,  u l t r a - v i o l e t  and i n f r a - r e d  

s p e c tro p h o to m e try ,  and n u c l e a r  m agne tic  re so n an ce  s p e c tro s c o p y  as w e l l  

as  by k i n e t i c  s t u d i e s .  T h e i r  e x i s t e n c e  was one o f  th e  im p o r ta n t  p o in t s  

made by B unnett  in  h i s  su p p o r t  o f  th e  tw o -s ta g e  mechanism f o r  a ro m a tic  

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

MEISEHEIMER COMPLEXES IN AROMATIC NUCLEOPHILIC SUBSTITUTION

The s tu d ie s  work o f  w hich t h i s  t h e s i s  forms a p a r t  

o r i g i n a t e d  a l i t t l e  more th a n  te n  y e a r s  ago a t  L e i c e s t e r  C o llege  o f  

Technology (now th e  C ity  o f  L e i c e s t e r  P o ly te c h n ic )  when a group o f  

w orkers  began to  u se  r a d io c h e m ic a l  te c h n iq u e s  to  s tu d y  i s o t o p i c
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exchanges as  examples o f  a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s .
/Q\

Im m ediately  b e fo re  t h i s  A. W. B, Bamford had been exam ining th e  

k i n e t i c s  of th e  s u b s t i t u t i o n  o f  an a ro m a tic  n i t r o  group by th e  m ethoxide 

ion  and found f o r  a ro m a tic  n i t r o  compounds such  as d in i t r o b e n z e n e  

and d in i t r o n a p h t h a l e n e ,  t h a t  th e  r e a c t i o n  was o f  f i r s t  o rd e r  i n  each  

r e a c t a n t

i . e .  R ate  = k ^rNO^J OMeJ

Of c o u rse  t h i s  r e s u l t  i n  i t s e l f  d id  n o t  d i s t i n g u i s h  betw een

th e  o n e - s ta g e  and th e  tw o -s ta g e  mechanism and Bamford i n  h i s  T h es is

sp e c u la te d  as  to  w hich o f  th e s e  mechanism was o p e r a t in g .  He examined

c r i t i c a l l y  M eisenhe im er’ s work, w hich had so o f t e n  been quoted  as

ev id en ce  f o r  th e  e x i s t e n c e  o f  an i n t e r m e d ia te  complex and h en ce ,  as

su p p o r t  f o r  the  tw o -s ta g e  mechanism, and concluded  t h a t  a f u l l y  c o v a le n t ly

bonded type  of complex was n o t  n e c e s s a ry  to  e x p la in  M eisenheim er ' s

r e s u l t s .  Bamford p r e f e r r e d  to  re g a rd  the. complex as  a ch arge  t r a n s f e r

complex between th e  m o lecu le  o f  a ro m a tic  n i t r o  compound and th e

(9)m ethoxide io n .  He w ro te ,  " t h e r e  i s  no r e a s o n  why a b a s i c  an ion  

should  n o t  form such  a complex and th e  p r e s e n t  a u th o r  ( i . e .  Bamford*) 

s u g g e s ts  t h a t  th e  M eisenheim er compounds shou ld  be c l a s s i f i e d  as  c h a rg e -  

t r a n s f e r  com plexes" .  He c o n t in u e d ,  " th e  p r o d u c t i o n o f  t r i n i t r o 

p h e n e to le  and t r i n i t r o a n i s o l e  from th e  complexes by deco m p o si t io n  w i th  

a c id  was paken to  i n d i c a t e  t h a t  b o th  a lkoxy  g roups a re  a t t a c h e d  to  th e  

same atom of th e  m o lecu le  o f  th e  complex. T h is  must be th e  carbon  

atom c a r r y in g  th e  a lkoxy  group in  the  o r i g i n a l  a ro m a tic  m o lecu le .  The 

p r e s e n t  a u th o r  ( i . e .  Bamford*) b e l i e v e s  t h a t  t h i s  d e d u c t io n  e n t i r e l y  

ig n o re s  th e  p o s s i b i l i t y  o f  th e  in d e p en d en t occu ren ce  o f  th e  n u c l e o p h i l i c  

exchange r e a c t i o n " .

* n o te  by a u th o r  o f  t h i s  T h es is  -  i . e .  K a t ta n .
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Jackson^^^ d id  in  f a c t  a l lo w  f o r  t h i s  p o s s i b i l i t y  and d id  

look  f o r  i t  i n  h i s  s tu d ie s  b u t  found no ev id en ce  t h a t  th e  exchange 

r e a c t i o n  had o c c u r re d .

In  h i s  s p e c u la t io n s  Bamford assumed t h a t  th e  exchange 

r e a c t i o n  between m ethy l p i c r a t e  and e th o x id e  io n s  was v ery  r a p id .

He was n o t  aware t h a t  th e  r a t e - d e t e r m i n i n g - s t e p  when such  h ig h ly  

a c t i v a t e d  a ro m a tic  methoxy compounds a re  in v o lv e d ,  i s  u s u a l l y  th e  

deco m p o si t io n ,  r a t h e r  than  the  fo rm a t io n  o f  th e  in te r m e d ia te  

M eisenheimer complex and t h a t  e x c e s s iv e  a c t i v a t i o n  from n i t r o  groups 

may w e l l  r e t a r d  t h i s  d eco m p o si t io n .  Thus, th e  " n u c l e o p h i l i c  exchange 

r e a c t i o n s "  a r e  f r e q u e n t ly  much s low er  th an  Bamford imagined them to  be .

In  B am ford 's  work, th e  incoming and o u tg o in g  g roups were 

c h e m ic a l ly  d i f f e r e n t  and a s im ple  chem ica l te c h n iq u e  (based  on a c o lo u r  

r e a c t i o n  f o r  th e  e s t i m a t io n  o f  n i t r i t e  io n )  was used  to  fo l lo w  the  

r e a c t i o n .  However, th e  use  o f  carbon  -  14 l a b e l l e d  methoxy compounds 

en ab led  a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  in v o lv in g  th e  

exchange o f  one methoxy group f o r  a n o th e r  to  be s tu d i e d ,  and a ro m a tic  

system s h ig h ly  a c t i v a t e d  towards n u c l e o p h i l i c  s u b s t i t u t i o n  and l i k e l y  

to  form M eisenheim er complexes cou ld  be compared k i n e t i c a l l y  w i th  l e s s

a c t i v a t e d  sy s tem s. I t  soon became a p p a r e n t ,  from th e  work o f  F e n d le r ^ ^ ^ \

(12) . (13)K atsanos and G i l b e r t  t h a t  such r e a c t i o n s ,  i n  m ethano l a s  s o lv e n t ,

fo llo w ed  two d i f f e r e n t  p a t t e r n s .

1. Second o rd e r  k i n e t i c s  were observed  i . e .  R ate  -  k |ArORj|~OCH^

where a c t i v a t i o n  o f  th e  a ro m a tic  system  i s  r e l a t i v e l y  s m a l l ,  

and no m easu rab le  c o n c e n t r a t i o n  o f  th e  complex i s  a p p a r e n t ,  

e . g .  r e a c t i o n s  2 , 4 - d i n i t r o a n i s o l e ,  1-methoxy, 2 - n i t r o n a p h th a l e n e  

and 1-methoxy, 4 - n i t r o n a p h th a l e n e .  Here th e  r a t e - d e t e r m i n i n g -  

s te p  o f  th e  r e a c t i o n  i s  th e  fo rm a t io n  of  th e  in t e r m e d ia te  

complex, i f  such complex i s  formed and b o th  th e  o n e - s ta g e  and
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tw o -s tag e  mechanisms can be argued  s in c e  no d i f f e r e n t i a t i o n

can be drawn from th e  k i n e t i c  p a t t e r n  a lo n e ,

2 . R eac t io n  in v o lv in g  more h ig h ly  a c t i v a t e d  a ro m a tic  methoxy

compounds en ab led  th e  p re s e n c e  o f  a re a s o n a b le  c o n c e n t r a t i o n
/

o f  in t e r m e d ia te  complex to  be deduced , and th e  k i n e t i c s  showed 

th a t  th e  r a t e s  o f  r e a c t i o n  were p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  

o f  t h i s  complex r a t h e r  th an  to  th e  c o n c e n t r a t i o n s  o f  th e  

o r i g i n a l  r e a g e n t s ,  i . e .  R ate  = k jcomple:^

R eac t io n s  showing t h i s  p a t t e r n  were th o se  o f  2 , 4 , 6 - t r i n i t r o -  

a n i s o l e ,  1-m ethoxy, 2 ,4 - d i n i t r o n a p h t h a l e n e  and 1-methoxy

2 , 4 , 5 - t r i n i t r o n a p h t h a l e n e .

Arguments beh ind  th e s e  c o n c lu s io n s  were as fo l lo w s :  th e

e x p e r im e n ta l  te ch n iq u e  was to  mix m e th a n o lic  s o lu t i o n s  o f  the  a ro m a tic  

methoxy compounds (where th e  methoxy group was l a b e l l e d  w i th  ca rbon -14 )  

and sodium m ethoxide in  m ethanol a t  c o n s ta n t  te m p e ra tu re ,  to  sample a t  

a p p r o p r i a t e  t im e s ,  and a n a ly se  each  sample by add ing  i t  to  a t o l u e n e -  

w a te r  m ix tu re  fo llow ed  by a s s a y in g  carbon -14  in  th e  to lu e n e  l a y e r  

( c o n ta in in g  th e  a ro m a tic  compound) v i a  a l i q u i d  s c i n t i l l a t i o n  c o u n te r .

The l e s s  a c t i v a t e d  compounds o f  th e  f i r s t  group ( e . g .  2 , 4 - d i n i t r o a n i s o l e ,  

1-methoxy, 2 and 4 n i t r o n a p h th a l e n e )  gave a s t r a i g h t f o r w a r d  k i n e t i c  p l o t  

such as i n d i c a t e d  i n  d iagram  (1 .1 )  and th e  i n t e r c e p t  o f  th e  l i n e  on th e  

y - a x i s  c o in c id e d  w i th  t h a t  e x p ec ted  from th e  coun t r a t e  o f  th e  u n re a c te d  

a ro m a t ic  é t h e r .

However, w i th  the  more a c t i v a t e d  compound in  th e  second group 

( e . g .  1-methoxy, 2 ,4 - d i n i t r o n a p h t h a l e n e ,  1-methoxy 2 , 4 , 5 - t r i n i t r o 

n a p h th a le n e  and 1-methoxy, 2 , 4 , 7 - t r i n i t r o n a p h t h a l e n e )  th e  r e a c t i o n  s o l u t i o n  

a lm o s t im m edia te ly  became co lo u re d  re d  and much o f  th e  a ro m a tic  methoxy 

compound was e x t r a c t e d  i n t o  w a te r  r a t h e r  th a n  i n t o  to lu e n e  d u r in g  th e
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a n a l y t i c a l  p ro c e d u re ;  p ro p e r  e x t r a c t i o n  in t o  to lu e n e  was ach iev ed  

o n ly  i f  th e  aqueous phase  c o n ta in e d  a l i t t l e  a c id  (which a l s o  removed 

th e  red  c o l o u r ) . The k i n e t i c  p l o t  was as shown d ia g ra m m a tic a l ly  i n  

F ig u re  ( 1 . 2 ) ,  th e  i n t e r c e p t  o f  th e  l i n e  on th e  y - a x i s ,  Sq , was always 

a p p re c ia b ly  low er than  th e  v a lu e  ex p ec ted  from th e  c o u n t - r a t e  o f  th e  

u n re a c te d  a ro m a t ic  e t h e r  s o l u t i o n ,  S ^ b e c a m e  s m a l le r  as th e  

c o n c e n t r a t i o n  of sodium m ethoxide in c re a s e d  r e l a t i v e  to  th e  c o n c e n t r a t i o n  

o f  th e  a ro m a tic  methoxy compound, b u t  was nev e r  observed  to  be l e s s  than  

sS i .

K atsanos s tu d ie d  1-m ethoxy, 2 , 4 , 5 - t r i n i t r o n a p h t h a l e n e  and 

d i s c u s s e d  th e  b eh av io u r  o f  such h ig h ly  a c t i v a t e d  compounds i n  th e s e
(14)

words : " I t  would a p p e a r ,  t h e r e f o r e ,  t h a t  th e  mere m ixing  o f  th e

r e a c t a n t s  r e s u l t e d  in  an in s ta n ta n e o u s  exchange which was n e v e r  g r e a t e r  

th a n  50%,

These two c h a r a c t e r i s t i c s  ( i . e .  th e  immediate fo rm a t io n  o f

th e  red  c o lo u r  and th e  r a p id  d e c re a se  i n  s p e c i f i c  a c t i v i t y  o f  th e
*

o r i g i n a l  l a b e l l e d  e t h e r  ) su g g e s t  t h a t  a M eisenhe im er- type  a d d i t i o n  

m igh t be v e ry  r a p i d l y  formed in  th e  s o l u t i o n ,  from th e  r e a c t a n t s  

a c c o rd in g  to  th e  scheme.

14

CHO
3

HCO OCH

NO
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NO NO2 2

II

* n o te  by th e  a u th o r  o f  t h i s  t h e s i s  i . e .  K a t ta n .
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On t r e a tm e n t  w i th  a c i d ,  as a l r e a d y  m en tioned ,  th e  i n i t i a l  

e t h e r ( I )  i s  o b ta in e d .  The e x t r a c t i o n  o f  th e  samples w i th  to lu e n e -  

d i l u t e  h y d ro c h lo r i c  a c i d ,  t h e r e f o r e ,  f o r c e s  th e  above e q u i l ib r iu m  

co m p le te ly  tow ards th e  l e f t .  S ince  th e  two methoxy groups in  the  

complex ( I I )  a r e  c h e m ic a l ly  b u t  n o t  i s o t o p i c a l l y  e q u i v a l e n t ,  t h e r e  

i s  50% chance t h a t  th e  e x p e l le d  group w i l l  be th e  r a d i o a c t i v e  one, 

and th e r e f o r e  the  s p e c i f i c  a c t i v i t y  w i l l  be red u ce d ,  d u r in g  th e  

e x t r a c t i o n ,  by a c e r t a i n  f r a c t i o n ,  depending  on th e  c o n c e n t r a t i o n  of 

th e  complex. Thus, th e  low ering  o f  th e  i n i t i a l  a c t i v i t y  may be due 

to  t h i s  " s e p a r a t io n - in d u c e d  exchange" , no a c t u a l  exchange ta k in g  p la c e  

b e c a u se  o f  th e  m ix ing .  T h is  exchange, how ever, i s  n o t  ex p ec ted  to  

in t r o d u c e  any e r r o r  in  th e  e v a l u a t i o n  o f  r a t e s ,  s in c e  th e  a c t i v i t y  

o f  a l l  samples w i l l  be reduced  by th e  same f r a c t i o n ,  in  th e  same ru n " .

K atsanos c o n t in u e d  by making th e  p o in t  t h a t  when th e  m ethoxide 

io n s  a r e  i n  s u f f i c i e n t  ex c e ss  a l l  the  l a b e l l e d  e t h e r  i s  in  th e  form o f 

th e  complex and when t h i s  i s  t r e a t e d  w i th  a c i d ,  50% r e d u c t io n  w i l l  le ad  

to  e x p la in in g  why a g r e a t e r  r e d u c t io n  was n ev e r  o b se rv ed .

Thus, i t  i s  e v id e n t  the  more a c t i v a t e d  methoxy compounds were 

exchang ing  t h e i r  methoxy groups w i th  m ethoxide io n s  by a tw o -s ta g e  

mechanism, in v o lv in g  th e  r a p id  fo rm a t io n  o f  an I n te r m e d ia te  Complex 

( r e d ,  n o t  to lu e n e  e x t r a c t a b l e  from w a te r )  fo l lo w ed  by i t s  r a t e -  

d e te rm in in g  d eco m p o s i t io n .  This  i n t e r m e d ia te  complex was o f  c o u rse  an 

example o f  the  type  s tu d ie d  e a r l i e r  by M eisenheim er. K atsanos ag reed  

t h a t  th e  two methoxy groups were bound to  th e  same carbon  atom as  

f o l l o w s :  " th e  s t a t i s t i c a l ^ ^ ^ ^  n a tu re  o f  th e  d i s t r i b u t i o n  a l s o  g iv e s

an i n d i c a t i o n  as to  th e  s t r u c t u r e  of the  complex, nam ely, t h a t  th e  

two methoxy g ro u p s ,  one from the  r e a g e n t  and th e  i n i t i a l l y  p r e s e n t  

r a d i o a c t i v e  one, must have become c h em ica l ly  e q u i v a le n t  in  th e  complex, 

and t h e r e f o r e  a t t a c h e d  to  the  same carbon atom by th e  same k in d  o f  bond.
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T h e re fo re  th e  formed complex must be a f u l l y  c o v a le n t  o-com plex , and

i t s  s t r u c t u r e  must be r e p r e s e n te d  by ( I I ) .

I t  i s  w orth  w h i le  n o t in g  t h a t  i t  was th e  use  o f  a methoxy- 

n i t r o n a p h th a l e n e  which en ab led  K atsanos to  a rgue t h a t  th e  two methoxy 

groups in  th e  M eisenheimer complex b e in g  e q u i v a l e n t ,  must be a t ta c h e d  

to  th e  same carbon atom. With th e  c o r re sp o n d in g  benzene compounds, 

t h e r e  a r e  no rm ally  e q u iv a le n t  p o s i t i o n s  a t t a c h e d  to  d i f f e r e n t  carbon 

a tom s, and th e  e q u iv a le n c e  o f  th e  two methoxy groups a lo n e  does n o t ,

t h e r e f o r e ,  n e c e s s i t a t e  them b e in g  on th e  same carhop  atom.

G i l b e r t i s o l a t e d  th e  complex formed from 1-m ethoxy,

2 ,4 - d i n i t r o n a p h th a l e n e  and sodium m ethoxide in  m ethanol by r e f lu x i n g  

w i th  to lu e n e ,  f i l t e r i n g ,  washing w i th  to lu e n e  and d ry in g  under vacuum.

The red  powdery n o n -h y g ro sco p ic  p ro d u c t  d id  n o t  m e l t  b u t  s low ly  

decomposed up to  c a .  37°C and exp loded . The e le m e n ta l  a n a l y s i s  

co rresp o n d ed  to  t h a t  of th e  sodium s a l t  o f  1-methoxy 2 , 4 - d i n i t r o 

n a p h th a le n e  -m ethoxide io n  p lu s  h a l f  a m o lecu le  o f  m e thano l.  T h is  s o l i d  

complex d id  n o t  show v i s i b l e  s ig n  o f  d ecom posi t ion  over two y e a r s .

While th e r e  was l i t t l e  doubt abou t th e  e x i s t e n c e  o f  th e  

tw o -s ta g e  mechanism f o r  th e  methoxy exchanges in v o lv in g  th e  more h ig h ly  

a c t i v a t e d  com plexes, th e  same cou ld  n o t  be s a id  f o r  th e  r e a c t i o n s  in v o lv in g  

th e  l e s s  a c t i v a t e d  a ro m a tic  methoxy compounds where th e  second o rd e r  

k i n e t i c s  co u ld  p o in t  e q u a l ly  w e l l  to  a o n e - s ta g e  mechanism o r  a tw o -s tag e  

mechanism w ith  the  fo rm a t io n  o f  th e  in t e r m e d ia te  complex as i t s  

r a t e - d e t e r m in in g  s te p  (hence th e  l i k e l i h o o d  o f  a  s u f f i c i e n t  c o n c e n t r a t i o n  

o f  complex to  show i t s e l f  v i a  c o lo u r  o f  th e  s o l u t i o n ,  n o n - e x t r a c t a b i l i t y  

i n t o  to lu e n e  e t c .  was v e ry  s m a l l ) . F u r th e r  ev id en ce  h e re  was o b ta in e d  

by F end le r^^^^^and  G i l b e r t w h o  a l s o  de te rm in ed  the  a c t i v a t i o n  

e n e r g i e s  o f  s u b s t i t u t i o n  r e a c t i o n s  between a s e r i e s  o f  a ro m a tic  n i t r o -  

methoxy compounds and m ethoxide io n s  in  methanol s o l u t i o n .
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F e n d le r  s tu d ie d  th e  excViange r e a c t i o n  o f  m ethoxide io n s  w i th  

p - n i t r o a n i s o l e ,  2 , 4 - d i n i t r o a n i s o l e  and 2 , 4 , 6 - t r i n i t r o a n i s o l e .  P - n i t r o 

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

months i n  a s e a le d  tube  a t  55°C. The a c t i v a t i o n  e n e r g ie s  quo ted  by 

F e n d le r  f o r  th e  o th e r  two compounds a r e :

2 , 4 - d i n i t r o a n i s o l e  16 .8  K. c a l s . /m ole

2 , 4 , 6 - t r i n i t r o a n i s o l e  19 .4  K. c a l s . /m ole

However, th e  k i n e t i c  p a t t e r n  of th e  two l a t t e r  r e a c t i o n s  i s  q u i t e  

d i f f e r e n t  from each  o th e r ;  2 , 4 , 6 - t r i n i t r o a n i s o l e  showed th e  p re s e n c e  

of an in t e r m e d ia te  complex whose d ecom posi t ion  was r a t e - d e t e r m in in g ,  

w hereas 2 , 4 - d i n i t r o a n i s o l e  showed a p l o t  as in  d iagram  ( 1 .1 ;  page 7) 

and second o rd e r  k i n e t i c s

i . e .  Rate = k [ArOCH Ï  OCH,]
L 3 1

The a c t i v a t i o n  e n e rg ie s  quo ted  fo r  th e s e  two compounds c l e a r l y  r e f e r  

to  d i f f e r e n t  p r o c e s s e s .

A f te r  p o in t in g  o u t  t h a t  C a ld in /^ ^^  had quoted  an a c t i v a t i o n  

energy  o f  a b o u t 13 K. C a l s . /m ole f o r  th e  fo rm a t io n  o f  th e  in t e r m e d ia te  

complex ( s tu d ie d  c o l o r i m e t r i c a l l y )  between 2 , 4 , 6 - t r i n i t r o a n i s o l e  and 

sodium m ethoxide  in  m ethanol a t  te m p e ra tu re  below 0°C, F e n d le r  sk e tc h e d  

th e  p o t e n t i a l  energy  p r o f i l e s  f o r  th e  r e a c t i o n  as  i n  F ig u re  (1 .3 )  and 

w ith  G i l b e r t ,  confirm ed  i t  by d e te rm in in g  th e  h e a t  o f  th e  fo rm a t io n  o f  

th e  complex c a l o r i m e t r i c a l l y  a t  abou t 7 K. c a l s . /m o le .

He th e n  argued  t h a t  i f  2 , 4 - d i n i t r o a n i s o l e  had r e a c te d  by a 

tw o -s ta g e  mechanism w i th  th e  fo rm a t io n  o f  th e  in t e r m e d ia te  complex as  th e  

r a t e - d e t e r m in in g  s te p  (one o f  th e  p o s s i b l e  i n t e r p r e t a t i o n s  o f  th e  second 

o rd e r  k i n e t i c s ) ,  th e  p re se n c e  of an a d d i t i o n a l  n i t r o  group in  th e  6 p o s i t i o n  

had d e c re a se d  the  a c t i v a t i o n  energy  of  th e  fo rm a t io n  s ta g e  by abou t 

4 K. c a l s . /m ole .



r e a c t i o n  c o o rd in a te  

F ig u re  1 .3
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This b e in g  s o ,  he went on, i t  seemed u n l i k e ly  t h a t  th e  same

a d d i t i o n a l  n i t r o  group would d e c re a se  th e  a c t i v a t i o n  energy  f o r  th e

decom posi t ion  of th e  in t e r m e d ia te  complex by as much as abou t 20 K.

c a l s . /m o le ,  as would have to  be th e  case  to  remove th e  v a l l e y  in  the

p r o f i l e  and g iv e  a o n e - s ta g e  mechanism. Thus F e n d le r  a rgued  t h a t  the

tw o -s ta g e  mechanism was fo llow ed  by th e  methoxy exchange between

m ethoxide ions  an 2 , 4 - d i n i t r o a n i s o l e  in  m e th an o l.  S in ce  then

CrQmpton^^^^ and o t h e r h a v e  confirm ed th e  fo rm a t io n  of th e  in t e r m e d ia te

M eisenheim er complex by n u c l e a r  m agne tic  re so n a n c e  s p e c t ro s c o p y .

. (19)A lso B ernascon i succeeded  i n  m easuring  th e  a c t i v a t i o n  energy  f o r  

th e  decom position  o f  th e  complex by a te m p era tu re - ju m p  te c h n iq u e ,  and 

quoted  11 .8  K. c a l s . /m o le ,

G i l b e r t  s t u d i e d  th e  methoxy exchange between m ethoxide ions  

and a s e r i e s  of 1-methoxy n i t r o  n a p h th a le n e s  and found t h a t  th e  " o th e r "  

r i n g  has a c o n s id e r a b le  a c t i v a t i n g  e f f e c t  on th e  s u b s t i t u t i o n .  He a l s o  

de te rm in ed  the  fo l lo w in g  a c t i v a t i o n  e n e r g i e s ,  where th e  deco m p o si t io n  of 

th e  in t e r m e d ia te  complex was th e  r a t e - d e t e r m in in g  s t e p :

1-methoxy 2 ,4 - d i n i t r o n a p h th a l e n e  17 .4  K. c a l s . /m ole

1-methoxy 2 , 4 , 5 - t r i n i t r o n a p h t h a l e n e  18.7 K. c a l s . /m ole

1-methoxy 2 , 4 , 7 - t r i n i t r o n a p h t h a l e n e  18 .5  K. c a l s . /m ole

and succeeded  in  m easu ring  th e  h e a t s  o f  fo rm a t io n s  o f  th e  complexes 

by d i r e c t  c a lo r im e t r y .  He was t h e r e f o r e  a b l e  to  s k e tc h  th e  energy  

p r o f i l e s  f o r  th e  tw o -s ta g e  exchange r e a c t i o n s  and a l s o  to  e s t im a te  

th e  a c t i v a t i o n  e n e rg ie s  f o r  the  fo rm a t io n  s t a g e s  of th e  com plexes.

Work in v o lv in g  i s o t o p i c  exchange r e a c t i o n s  a t  L e i c e s t e r  

formed a background to  th e  p r e s e n t  r e s e a r c h ,  b u t ,  o f  c o u rse  i t  o n ly  

formed a r e l a t i v e l y  sm all  p a r t  o f  th e  t o t a l  work be ing  c a r r i e d  on 

o u t s id e  which was concerned  w i th  th e  s tu d y  o f  a ro m a tic  n u c l e o p h i l i c  

s u b s t i t u t i o n .  In  r e c e n t  y e a rs  d e m o n s t ra t io n  of  base  c a t a l y s i s  in
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k i n e t i c  s tu d ie s  o f  c e r t a i n  r e a c t io n s  has been ta k en  as a s t ro n g  su ppor t

f o r  th e  fo rm a t io n  o f  th e  i n t e r m e d ia te  complex, and th e  m e c h a n is t i c

(20 21 22)scheme which has  been  advoca ted  by a number o f  w orkers  ’ * i s

shown as fo l lo w s ;

X
NO.

+ R^NH

NO,

H
I

R N+

-1

^ ^2 —

NO,

NR,

.NO,

+ X + H

NO,

Owing to  th e  p re s e n c e  o f  l a b i l e  hydrogen in  V i t s  rem oval 

i s  ex p ec ted  to  be easy  by a E re c te d  base  and so t r a n s f o r m a t io n  o f  

th e  r e s u l t a n t  m o lecu le  to  th e  p ro d u c t  r a t h e r  than  to  th e  o r i g i n a l  

compound i s  fav o u red .  For t h i s  r e a c t i o n  th e  o v e r a l l  second o rd e r  

r a t e  e x p re s s io n  d e r iv e d  by th e  s t e a d y - s t a t e  t r e a tm e n t  i s :

R ate

ĵ ArxJ FRgNHj + Kg + KgfB)

where Kg(B) r e p r e s e n t s  th e  te rm  f o r  th e  e f f e c t i v e  base  c a t a l y s i s

by any b a s e .  I f  t h e r e  i s  more th an  one b ase  o p e r a t in g  as  c a t a l y s t

a d d i t i o n a l  term s sh o u ld  be p r e s e n t .  This  e x p re s s io n  can be

s i m p l i f i e d  depending  on th e  r e l a t i v e  v a lu e s  o f  K  ̂ and K2 . When

K . «  K« + K_(B) th e n  K = i . e .  th e  fo rm a t io n  o f  the  i n t e r m e d i a te  
— i  z  J  i

i s  th e  r a t e - d e t e r m in in g  s te p  and base  c a t a l y s i s  should  n o t  be  observed ,  

When K  ̂ >> Kg + K^(B), t h i s  g iv e s  r i s e  to  a p r e - e q u i l i b r i u m  c o n d i t io n  

w i th  th e  p ro d u c t-p ro d u c in g  p ro c e s s  as  th e  r a t e - d e te r m in in g  s t e p ,  and 

base  c a t a l y s i s  i s  e x p e c te d .  When K_^ and a r e  o f  com parable 

m agnitude th e  o v e r a l l  r a t e  w i l l  depend on th e  r e l a t i v e  v a lu e s  o f  the

r a t e  c o e f f i c i e n t s  o f  th e  i n d i v id u a l  p r o c e s s e s .  In  t h i s  c a s e  b ase
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c a t a l y s i s  may be observed  a t  low c o n c e n t r a t i o n s  as th e  s e n s i t i v i t y  

to  b a se  c a t a l y s i s  d e c re a s e s  a t  h ig h  b ase  c o n c e n t r a t i o n s .  As to  

th e  f i r s t  case  when Kg > K  ̂ base  c a t a l y s i s  may be o b se rved  f o r  

r e a c t i o n s  o f  r e l a t e d  compounds where x i s  a poor le a v in g  g roup , such 

a s  ArF in  fav o u r  of ArCl.

Base c a t a l y s i s  has been  r e p o r te d  by s e v e r a l  a u t h o r s .  B unne tt  

(23)and R an d a l l  have r e p o r te d  th e  g e n e ra l  base  c a t a l y s i s  o b se rved  w i th  

h y d ro x id e  and a c e t a t e  io n s  i n  th e  r e a c t i o n  o f  1 - f l u o r o ,  2 , 4 - d i n i t r o 

benzene w ith  N -m e th y lan i1i n e . . A lso th e  r e a c t i o n  o f  2 , 4 - d i n i t r o p h e n y l -

p h e n y le th e r^ ^ ^ )  w i th  p i p e r i d i n e  was c a t a ly s e d  by p i p e r i d i n e  and by

(22)h y d ro x id e  io n s .  S i m i l a r l y ,  K irby  and Jencks  r e p o r te d  t h a t  th e  

r e a c t i o n  o f  p - n i t r o  phenyl p hospha te  w i th  d imèth y 1amine and w i th  

p i p e r i d i n e  were c a t a ly s e d  by h yd rox ide  io n ;  a l s o  th e  d im ethy lam ine i t s e l f  

was a c t i n g  as  base  c a t a l y s t .  For a l l  th e s e  r e a c t i o n s  th e  p l o t  of 

r a t e  o f  the  r e a c t i o n  a g a i n s t  th e  c o n c e n t r a t i o n  o f  th e  b a se  was cu rve  and 

n o t  l i n e a r ;  t h i s  was taken  to  i n d i c a t e  t h a t  th e  r a t e - d e t e r m in in g  s t e p  

changed as  th e  c a t a l y s t  c o n c e n t r a t i o n  in c r e a s e d .  The e x i s t e n c e  of such  

change i n  th e  r a t e - d e t e r m in in g  s te p  o f  th e  r e a c t i o n  w i th  b ase  

c o n c e n t r a t i o n  was, i n  tu r n  ta k en  as ev idence  f o r  th e  e x i s t e n c e  o f  an 

in t e r m e d i a t e  complex w i th  which fo rm a t io n  and deco m p o si t io n  p ro c e s s e s  

have d i f f e r e n t  s e n s i t i v i t i e s  to  c a t a l y s i s .

EVIDENCE FROM ULTRAVIOLET AND VISIBLE SPECTROSCOPY

M eisenheim er complexes show c h a r a c t e r i s t i c  a b s o r p t io n  s p e c t r a  

w i th  two d i s t i n c t  maxima in  th e  re g io n s  of a p p ro x im a te ly  400 n.m. (X ) 

and ap p ro x im a te ly  500 n.m. (X^) r e s p e c t i v e l y  (see  F ig .  1 . 4 , a ) .  The 

m olar  e x t i n c t i o n  c o e f f i c i e n t  o f  th e  h ig h e r  energy  band i s  ab o u t 1 .3  -  

2 .5  tim es l a r g e r  th an  t h a t  o f  th e  low er energy  band and has  a
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V i s ib l e  s p e c t r a  o f  adduc t  fo rm a t io n  from 2 , 4 , 6 - t r i n i t r o a n i s o l e  

and m ethoxide io n s  in  DMSO (a) 1 :1  a d d i t i o n  a t

(b) 1 :2  a d d i t i o n  a t  h ig h e r  m ethoxide 

io n  c o n c e n t r a t i o n
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c h a r a c t e r i s t i c  v a lu e  o f  abou t 2 -  4 x lO^&.mole ^cm The

spectrum  tak en  o f  th e  o r i g i n a l  n i t r o  s u b s t r a t e  shows on ly  the  

a b s o r p t io n  maximum n e a r  the  u l t r a v i o l e t  r e g io n  (X^) and th e  

second maximum (X^) on th e  lo n g e r  wave l e n g th ,  which i s  b e l i e v e d  

due to  M eisenheim er complex d ev e lo p es  on th e  a d d i t i o n  o f  b a s i c  

r e a g e n t .

The e q u i l ib r iu m  c o n s t a n t  o f  th e  r e v e r s i b l e  r e a c t i o n  between 

th e  s u b s t r a t e  and th e  r e a g e n t  may be  d e te rm in e d  from a b s o r p t i o m e t r i c  

m easurem ents , and i f  th e  fo rm a t io n  o f  th e  M eisenheim er complex i s  

n o t  too  r a p id  th e  p ro g re s s  o f  i t s  fo rm a t io n  may a l s o  be ob se rv ed  by 

th e  i n c r e a s e  w i th  tim e of the  peak  (X^). The e q u i l ib r iu m  c o n s ta n t  

(K^) o f  th e  r e a c t i o n  may be c a l c u l a t e d  from measurements o f  th e  

o p t i c a l  d e n s i t y  a t  th e  w ave leng th  o f  maximum a b s o r p t io n  o f  th e  complex 

(X^) p ro v id e d  t h a t  the  m olar e x t i n c t i o n  c o e f f i c i e n t  o f  th e  complex (e) 

i s  known. I f ,  however, t h i s  i s  n o t  known, i t  can  be d e te rm in e d  from 

th e  i n t e r c e p t  o f  th e  s t r a i g h t  l i n e  p l o t  between o p t i c a l  d e n s i t y  (O.D.) 

a t  th e  w a v e - le n g th  o f  th e  com plex 's  maximum (X^) and the  c o n c e n t r a t i o n  o f  

th e  v a r i e d  b a s i c  r e a g e n t  (b) a c c o rd in g  to  th e  fo l lo w in g  e q u a t io n  due to  

Benesi and H i l d e b r a n d ;

a _ 1 1 ^ 1
OD K^E ' b G

where a i s  th e  s t o i c h i o m e t r i c  c o n c e n t r a t i o n  of n i t r o  a ro m a tic  compound 

( s u b s t r a t e ) .  When e i s  known, may o f  c o u r s e  be e v a lu a te d .

The a d d i t i o n  o f  a l c o h o l i c  s o l u t i o n  of m ethoxide io n s  to  

a s o l u t i o n  o f  2 , 4 , 6 - t r i n i t r o p h e n e t o l e  produced c o lo u r  ( red )  a s  d id

t h a t  o f  2 , 4 , 6 - t r i n i t r o a n i s o l e  to  e t h a n o l i c  s o l u t i o n  o f  e th o x id e  io n s .

(25)These two p r e p a r a t i o n s  gave i d e n t i c a l  s p e c t r a l  c h a r a c t e r i s t i c s  o f  a
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M eisenhe im er- type  complex. A lso o th e r  w orkers  r e p o r t e d  c o lo u r  

fo rm a t io n s  w i th  a b s o r p t io n  c h a r a c t e r i s t i c s  o f  a M eisenheimer complex

between 2 , 4 , 6 - t r i n i t r o a n i s o l e  and m ethoxide ions  i n  m e t h a n o l a s

(28) . . . (29)w e l l  as  i n  d im e th y l  su lp h o x id e  , S im i la r l y  complex fo rm a t io n

has been  r e p o r te d  to  occur between 2 , 4 , 6 - t r i n i t r o p h e n e t o l  and e th o x id e

io n s  i n  e th a n o l  and in  a c e t o n i t r i l e  between 2 , 4 , 6 - t r i n i t r o a n i s o l e  and

e th o x id e  io n s .  The r e a c t i o n  o f  2 , 4 - d i n i t r o a n i s o l e  and 2 , 6 - d i n i t r o -

a n i s o l e  w i th  m ethoxide ions  and v a r io u s  a lk o x id e  ions^^^^  a l s o  gave

th e  c h a r a c t e r i s t i c  c o lo u r  fo rm a t io n ,  and c o lo u re d  compounds from th e

r e a c t i o n  o f  d i n i t r o a n i s o l e  and m ethoxide io n s  have been  s e p a r a te d  from

benzene s o l u t i o n .  In  f a c t  th e  fo rm a t io n  o f  such c h a r a c t e r i s t i c  c o lo u r

compounds has  n o t  o n ly  been observed  f o r  r e a c t i o n s  o f  a lkoxy  n i t r o

a ro m a tic  compound and a lk o x id e  io n s  b u t  the  same has  been r e p o r te d  f o r

r e a c t i o n s  between n i t r o a r o m a t i c  compound and o th e r  b a s i c  r e a g e n t .

(31)In  s tu d i e s  o f  th e  r e a c t i o n  betw een 1 , 3 , 5 - t r i n i t r o b e n z e n e  i n

e th a n o l  w i th  ex ce ss  e th o x id e  io n s  s i m i l a r  c h a r a c t e r i s t i c  a b s o r p t io n
was

to  t h a t  produced by 2 , 4 , 6 - t r i n i t r o a n i s o l e  w i th  e th o x id e  io n s  ^ b t a i n e d  

under th e  same c o n d i t io n s .  The same g e n e ra l  c h a r a c t e r i s t i c s  were 

r e p o r te d  f o r  1 , 3 , 5 - t r i n i t r o b e n z e n e  and v a r io u s  an ions  such  as 

t h i o e th o x i d e /^ ^ )  (X^, 465; X^, 5 7 0 ) ,  a ce to n a te^ ^ ^ ^  (X^, 464; X^, 572 ) ,

s u lp h i t e ( 3 4 )  462; X^, 525) and cyanide^^^^  (X^, 437; X^, 555).
(o 9 ) ^

P o l l i t t  and Saunders s tu d ie d  th e  r e a c t i o n  between m ethoxide  io n s  

and a v a r i e t y  o f  2 , 4 - d i n i t r o - 6 - X - a n i s o l e s  and 2 , 6 - d i n i t r o - 4 - X - a n i s o l e  

(X = OMe, H, C l,  CO  ̂ , CONH^, CO^Me, CM) and found t h a t  th e s e  

r e a c t i o n s  gave th e  g e n e ra l  a b s o r p t io n  f e a t u r e s  o f  M eisenhe im er- type  

complexes w i th  o n ly  l i t t l e  v a r i a t i o n  i n  th e  p o s i t i o n  of th e  two band 

maxima; th e  band a t  th e  lo n g e r  wave le n g th  was found to  s h i f t  toward 

lower wave l e n g th  as  th e  e l e c t r o n e g a l v i t y  o f  th e  s u b s t i t u e n t ,  X, in c re a s e ,
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The p o s i t i o n  of band maxima was a l s o  found to  depend on

th e  medium. In  th e  r e a c t i o n  between 2 , 4 , 6 - t r i n i t r o a n i s o l e  and

a lk o x id e  io n  F o s te r  and Fyfe^^^^ r e p o r te d  t h a t  on changing  th e  s o lv e n t

from e t h e r  to  a more i o n i s i n g  s o lv e n t  t h e r e  was a ba thochrom ic  s h i f t

o f  th e  h ig h e r  energy  maximum and a hypsochrom ic s h i f t  o f  th e  lower

(35)energy  maximum. S im i la r ly  N o r r i s  on s tu d y in g  th e  i n t e r a c t i o n  betw een

1 , 3 , 5 - t r i n i t r o b e n z e n e  and th e  cyan ide  io n  i n  c h lo ro fo rm  observed  th e  

same e f f e c t  when he compared h i s  r e s u l t s  w ith  t h a t  in v o lv in g  e th o x id e  

and s u l p h i t e  io n s .

Due to  th e  c lo s e  co rresp o n d en ce  o f  th e  o p t i c a l  p r o p e r t i e s  o f  

th e  co lo u re d  compounds produced from 1 , 3 , 5 - t r i n i t r o b e n z e n e  w i th  v a r io u s  

an ions  and t h a t  produced by d i n i t r o a n i s o l e  and t r i n i t r o a n i s o l e  w i th  

a lk o x id e  ions  th e  fo rm er group has been  fo rm u la te d  as  1:1  a d d i t i o n  

i n t e r m e d i a te  M eisenheim er com plexes.

However m u l t i p l e  a d d i t i o n  a l s o  has been r e p o r te d  to  occur  

a t  h ig h  c o n c e n t r a t i o n  o f  th e  b a s i c  r e a g e n t .  F o s t e r and Mackie 

t h a t  a h ig h  m ethoxide c o n c e n t r a t i o n  (abou t IM) the  a b s o r p t io n  maxima, 

due to  th e  complex from t r i n i t r o a n i s o l e ,  a t  4100 n.m. and 4900 n.m. w ere 

r e p la c e d  by a s i n g l e  v i s i b l e  band a t  4800 n.m. (F ig .  1 .4 ,b )  which 

was a t t r i b u t e d  to  d ia d d u c t  a t  and
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doub le  a d d i t i o n  

a t  and

t r e b l e  a d d i t i o n  

a t  C^, and

•  (97)At s t i l l  h ig h e r  b ase  c o n c e n t r a t i o n s  Abe ' r e p o r t e d  t h a t

2 , 4 , 6 - t r i n i t r o a n i s o l e  was co n v e r ted  i n t o  a c o l o u r l e s s  s p e c ie s  p ro b a b ly
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t r i a d d u c t .  C a l c u la t io n  by Abe in d i c a t e d  t h a t  th e  1;1 adduc t 

sh o u ld  have two a b s o r p t io n  maxima in  th e  v i s i b l e  r e g io n ,  th e  1 ;2  

a d d u c t  a s i n g l e  v i s i b l e  maximum w h i le  th e  t r i a d d u c t  shou ld  be 

c o l o u r l e s s .

EVIDENCE FROM NUCLEAR MAGNETIC RESONANCE STUDIES

N uclea r  m agne tic  re so n an ce  s t u d i e s  o f  hydrogen  have

p ro v id e d  a un ique to o l  f o r  the  i d e n t i f i c a t i o n  o f  complex fo rm a t io n .

By m easuring  th e  re sonance  o f  the  hydrogen in  th e  a ro m a tic  compounds,

n o t  on ly  th e  p o s i t i o n  o f  th e  hydrogen atoms b u t  t h e i r  number ( i n t e n s i t y )

can be i n f e r r e d .  The deg ree  of re so n an ce  i n t e r a c t i o n  r e f e r s  to  chem ical

s h i f t s  b ro u g h t  abou t by i n t e r a c t i o n  w i th  o th e r  io n s  o r  m o le c u le s .

(2 8 )The spec trum  of a s o l u t i o n  i n  d im e th y lsu lp h o x id e  o f  th e  s o l i d

ad d u c t  formed from 2 , 4 , 6 - t r i n i t r o a n i s o l e  and p o ta ss iu m  m ethoxide

shows two bands w ith  i n t e n s i t i e s  r e p r e s e n t i n g  ti70 and s i x  p ro to n s

a t t r i b u t e d  r e s p e c t i v e l y  to  th e  r i n g  hydrogen atoms and th e  two methoxy

gro u p s .  The re so n a n c e  due to  r i n g  p ro to n s  a t  -8 .6 5  p .p .m . i s  s h i f t e d  u p -

f i e l d  from th e  p o s i t i o n  in  th e  p a r e n t  a n i s o l e  ( -9 .0 7  p . p . m . ) ,  w h i le

t h a t  due to  methoxy p ro to n s  shows a l a r g e r  u p f i e l d  s h i f t  from -4 .0 7

to  - 3 .0 3  p .p .m . (chem ica l s h i f t s  a r e  quo ted  r e l a t i v e  to  i n t e r n a l

t e t r a m e t h y l s i l a n e ) . I t  has  been su g g es ted  t h a t  th e  u p f i e l d  s h i f t  i s

2 3co m p a tib le  w i th  the  change i n  h y b r i d i s a t i o n  from SP to  SP a t  Cj. ; a l s o  

the  two methoxy groups a r e  e q u iv a le n t  owing to  th e  f a c t  t h a t  o n ly  a s in g le  

band was observed  f o r  th e  s i x  methoxy p r o to n s .  C o n f irm a tio n  has  come
to

from n u c l e a r  m agne tic  s tu d i e s  o f  th e  same a d d i t i o n  p ro d u c t  i n  m e th a n o l^ ^ '  .

At h ig h  c o n c e n t r a t i o n  o f  th e  b a s i c  r e a g e n t  m u l t i p l e  a d d i t i o n  has

( *̂ ft)a l s o  been  d e t e c te d  by t h i s  te c h n iq u e ,  and i t  has  been r e p o r te d  t h a t  

d i - a d d u c t ,  and t r i - a d d u c t  fo rm a t io n  have been o b se rv ed .
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EVIDENCE FROM CRYSTALLOGRAPHIC STUDIES

R ecen tly  c r y s t a l  s t r u c t u r e  d e te rm in a t io n s  o f  th e  complex 

d e r iv e d  from 2 , 4 , 6 - t r i n i t r o a n i s o l e  w i th  m ethoxide io n s (^ 9 )   ̂ and

2 , 4 , 6 - t r i n i t r o p h e n e t o l e  w i th  e th o x id e  io n s  have shown t h a t  b o th

a lkoxy a t tach m en t a r e  i d e n t i c a l ,  th e  an g le  C^, C^, C^ i s  109° and th e  

a lkoxy  groups a re  in  p la n e  p e r p e n d ic u la r  to  th e  p la n e  o f  th e  r i n g .

There seems l i t t l e  room f o r  doubt c o n ce rn in g  th e  p o s i t i o n  o f  th e  atoms 

i n  th e s e  M eisenheim er Complexes.

THIS RESEARCH:

When t h i s  r e s e a r c h  was begun, t h e r e  was abundan t ev id en ce  t h a t  

M eisenheim er complexes p la y ed  an im p o r ta n t  p a r t  in  a ro m a tic  n u c l e o p h i l i c  

s u b s t i t u t i o n  r e a c t i o n s  in v o lv in g  a ro m a t ic  methoxy compounds and m ethoxide 

io n s .  In  f a c t  th e  o v e r a l l  k i n e t i c s  were de te rm in ed  by w hether  th e  

fo rm a t io n  o r  deco m p o si t io n  of  th e s e  complexes was th e  r a t e - d e t e r m in in g  

s t e p .  However, s i m i l a r  s t u d i e s  on th e  mechanism o f  fo rm a t io n  and 

d eco m p o si t io n  o f  such complexes had n o t  been  u n d e r ta k e n .  For exam ple, 

i t  was n o t  known w hether  th e  d e co m p o si t io n  p ro c e s s  cou ld  ta k e  p la c e  

perhaps  a s s i s t e d  by s o l v a t i o n  o f  th e  p ro d u c t  a n io n ,  s im ply  by th e  

b re a k in g  o f  th e  a r y l  carbon-oxygen  bond, o r  w h e th e r  the  p r i o r  a d d i t i o n  

o f  a p ro to n  to  a methoxy oxygen o c c u r r e d ,  fo l lo w ed  by th e  s p l i t t i n g  o f f  

o f  a m o lecu le  o f  m e th an o l,  o r  even w hether  a b im o le c u la r  e n c o u n te r  was 

n e c e s s a r y  perhaps  betw een a m o lecu le  o f  s o lv e n t  m e thano l and one o f  th e  

M eisenheim er Complex. The o b j e c t  o f  t h i s  r e s e a r c h  was i n i t i a l l y  to  

a t te m p t  to  i n v e s t i g a t e  p o s s i b l e  r o l e s  t h a t  m igh t be p lay ed  by p ro to n s  

by lo o k in g  f o r  any h y d ro g en -d eu te r iu m  i s o to p e  e f f e c t  t h a t  may be 

p r e s e n t  and by c a r r y in g  o u t  th e  r e a c t i o n  i n  m ethano l and m e th a n o l-o -d .  

However, as th e s e  s t u d i e s  p ro g re s s e d  i t  became a p p a re n t  t h a t  th e  

d i f f e r e n c e  in  s p e c i f i c  r a t e s  betw een th e  m ethanol and m e th a n o l-o -d  

system s was n o t  of such a m agnitude as would a l lo w  the  p o s t u l a t i o n  o f  

a p r im ary  i s o to p e  e f f e c t .
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A second aim o f th e  r e s e a r c h  was to  c a r r y  o u t  r e a c t i o n s  

in  d im ethy l s u lp h o x id e ,  which was a b le  t o  d i s s o lv e  the  r e q u i r e d  

r e a g e n t s ,  to  which a c o n t r o l l e d  sm a l l  amounts o f  e i t h e r  m ethanol 

o r  m e th an o l-o -d  cou ld  be added, in  o rd e r  to  ob se rv e  w h e th e r  the  

c o n c e n t r a t i o n  o f  th e s e  s u b s ta n c e s  appea red  in  th e  k i n e t i c  e q u a t io n .

I t  was found t h a t  in  t h i s  s o l v e n t ,  even in  th e  absence o f  added 

m e th an o l,  the  a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  cou ld  p roceed  

r e a d i l y .  The M eisenheimer complex was formed more r e a d i l y  and 

decomposed l e s s  r e a d i l y  than  in  m e th an o l;  i t  w as, t h e r e f o r e ,  p o s s i b l e  

to  s tu d y  k i n e t i c a l l y  and a b s o r p t i o m e t r i c a l l y  th e  fo rm a t io n  o f  

M eisenheim er Complexes from l e s s  a c t i v a t e d  compounds, such as even 

P - n i t r o a n i s o l e  which d id  n o t  undergo  r e a c t i o n  i n  m e t h a n o l e v e n  

a t  r e f l u x i n g  te m p e ra tu re ,  and to  ex tend  th e  range  o f  k i n e t i c  d a t a  on 

sym m etr ica l exchange r e a c t i o n s  between m ethoxide io n s  and a ro m a tic  

methoxy compounds. I t  was a l s o  p lanned  to  s tu d y  c o r re sp o n d in g  ha logen  

exchange r e a c t io n s  which in  m ethanol a r e  r a t h e r  too  slow to  fo l lo w  

k i n e t i c a l l y  w i th  any r e l i a b i l i t y ,  and th u s  to  ex tend  s t i l l  f u r t h e r  

th e  k i n e t i c  d a t a  in  th e  hope t h a t  th e  in fo rm a t io n  found may to g e th e r  

w ith  t h a t  in  methoxy sy s tem s , c o n t r i b u t e  to  our u n d e r s ta n d in g  o f  th e  

fo rm a t io n  and decom position  of  M eisenheim er com plexes.



CHAPTER I I

DIMETHYL SULPHOXIDE
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DIMETHYL SULPHOXIDE (DMSO)

D imethyl su lp h o x id e  r e p r e s e n t s  an o x id a t io n  s t a g e  o f  

s u lp h u r  in t e r m e d ia te  between d im e thy l s u lp h id e  and d im e th y l  su lp h o n e .  

I t s  m o lecu le  i s  th o u g h t  to  be a re so n an ce  h y b r i d b e t w e e n  th e  forms

CHg -  S -  CH^ ^----   CH  ̂ -  S^ -  CH^

and a p y ram ida l  s t r u c tu r e ^ ^ ^ ^  i s  a s s ig n e d  to  i t  w i t h ' t h e  s u lp h u r ,  

oxygen and carbons atoms a t  th e  c o r n e r s .  I t  has  u s e f u l  s o lv e n t  

p r o p e r t i e s  as i t  d i s s o lv e s  n o t  o n ly  many o rg a n ic  compounds b u t  a l s o  

many in o r g a n ic  s a l t s  (Table  2 .1 )  and an i n c r e a s in g  number of k i n e t i c  

s t u d i e s  a r e  b e in g  c a r r i e d  ou t in  i t s  s o l u t i o n .

T ab le  2 .1  S o l u b i l i t y  o f  s a l t s  kg/100 kg DMSO a t  25

F e r r i c  c h l o r i d e  (GH^O) 30

M ercu ric  a c e t a t e  100

Sodium d ich rom ate  (2H2O) 10

Sodium io d id e  30

Sodium n i t r a t e  20

Sodium n i t r i t e  1

Stannous c h lo r id e  (2H2O) 40

Zinc c h l o r i d e  30

P r e p a r a t i o n  i s  by th e  o x id a t io n  o f  d im e th y l  s u lp h id e s ,  and 

o x id i s i n g  a g en ts  such as hydrogen p e ro x id e  o r  n i t r i c  a c id  o r  chrom ic 

a c id  have been u sed .  The i n d u s t r i a l  method r e c e n t l y  used  in  th e  

U nited  S t a t e s  o f  America i s  th e  t r e a tm e n t  o f  d im e th y l s u lp h id e
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( b .p .  38°C) in  th e  vapour phase  w i th  a i r  and c a t a l y t i c  amounts o f  

n i t r o g e n  d i o x i d e ^ ^ ^ \  The consumed n i t r o g e n  d io x id e  i s  r e o x id i s e d  

w i th i n  th e  r e a c t i o n  m ix tu re  by th e  oxygen o f  th e  a i r

(CHL)2S + NO^  ^  (CH-igSO + NO

2N0 + O2 ( a i r )   -------- ^  2N0^

Owing to  th e  h ig h  b o i l i n g  p o i n t  o f  DMSO (189°C) i t  can be

condensed and removed c o n t in u o u s ly  from th e  sy s tem , however th e  

condensed crude DMSO d i s s o lv e s  some d im eth y l s u lp h id e  as w e l l  as

o x id e  o f  n i t r o g e n  (NO^, N20g , N20^) which e f f e c t  f u r t h e r  o x id a t io n .

An e f f e c t i v e  c o o l in g  s u r f a c e  i s  needed f o r  c o n d e n s a t io n  of  DMSO as 

w e l l  as  f o r  th e  e v o lu t io n  of th e  n i t r i c  ox ide  which i s  r e c y c le d  in t o  

th e  system , so m in im is in g  th e  lo s s  o f  c a t a l y s t .  The c ru d e  DMSO 

c o n t a in s ,  th e n ,  sm a ll  amounts o f  n i t r o g e n  d io x id e ,  d im e th y l  su lp h o n e ,  

m e th an su lp h o n ic  a c id  and some m o i s tu r e ,  and p u r i f i c a t i o n  can be 

a c h iev ed  by n e u t r a l i s i n g  th e  im p u r i t i e s  w ith  a b ase  ( e .g .  s la k e d  lim e) 

and vacuum d i s t i l l a t i o n .

PHYSICAL PROPERTIES

DMSO when d ry  and pure  i s  c o l o u r l e s s  and o d o u r le s s .  I t  i s

m i s c ib le  w i th  w a te r  and v e ry  h y g ro s c o p ic .  T ab le  2 summarises i t s

u • 1 (41)p h y s i c a l  p r o p e r t i e s

DMSO AS AN IONISING SOLVENT

In  a r e c e n t  a r t i c l e V .  Gutmann d i s c u s s e d  th e  phenomenon

o f  i o n i s a t i o n  of n e u t r a l  compounds in  i o n i s i n g  s o lv e n t s  as  a chem ica l

phenomenon. While th e  r e l a t i v e  p e r m i t t i v i t y  (e) o f  th e  s o lv e n t  p la y s

an im p o r ta n t  p a r t  i n  th e  i o n i s a t i o n  p ro c e s s e s  f o r  io n i c  compounds, i t s

e f f e c t  i s  n o t  so pronounced where n e u t r a l  c o v a le n t  compounds a r e  co nce rned ,

and th e  a b i l i t y  o f  the  s o lv e n t  to  dona te  e l e c t r o n s  to  o r  a c c e p t  e l e c t r o n s

from s u b s t r a t e s  i s  an im p o r ta n t  f a c t o r  in  t h e i r  i o n i s a t i o n .  S o lv e n ts
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T able  2 .2  P h y s ic a l  p r o p e r t i e s  o f  Dimethy Sulphoxide

M olecu la r  w e ig h t ,  78.13

M elt in g  p o i n t  ( a t  s ta n d a rd  p r e s s u r e ) ,  18.45°C 

B o i l in g  p o i n t  ( a t  s ta n d a rd  p r e s s u r e ) , 189°C 

D en s ity  a t  20°C, 1 .1  x 10^ Kg.m ^

a t  35°C, 1.0892 x 10^ Kg. m"^

•  •  •  O “ 1C o e f f i c i e n t  o f  volume e x p an s io n  a t  20 C, 0 .00088  K 

S p e c i f i c  h e a t  c a p a c i t y ,  a t  18.45°C s o l i d ,  2 .09  x 10^ JKg-1

a t  18.45°C l i q u i d ,  2 .9 3  x 10^ JKg” ^

S p e c i f i c  l a t e n t  h e a t  o f  f u s io n  a t  18.45°C 83 .6  x 10^ J  Kg ^

6 “ 1S p e c i f i c  h e a t  of com bustion , 2 5 .3  x 10 J  Kg

o 3 “ 1S p e c i f i c  h e a t  o f  v a p o r i s a t i o n  a t  189 C, 551 .8  x 10 J  Kg

R e f r a c t i v e  index  n ^ ^ ,  1.4787

R e la t iv e  P e r m i t t i v i t y ,  45

F la s h  p o in t  (open cup) 95°C

-3  “ 1S u rfa c e  t e n s i o n ,  43 x 10 N m

Vapour P r e s s u r e :  Temp° °C 20 30 40 50

Nm“ ^ 55 .4  113 .4  220 .2  408.3
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t h a t  donate  an e l e c t r o n  p a i r  to  th e  s u b s t r a t e  a r e  c a l l e d  e l e c t r o n  

p a i r  donors (EPD) and th o se  t h a t  a c c e p t  an e l e c t r o n  p a i r  a re  c a l l e d  

e l e c t r o n  p a i r  a c c e p to r s  (EPA). The a b i l i t y  o f  a s o lv e n t  to  d o n a te  

an e l e c t r o n  p a i r  i s  d e f in e d  as d o n i c i t y  o r  donor number (DN), th e  

d o n i c i t y  o f  a s o lv e n t  was measured r e l a t i v e  to  an e l e c t r o n  p a i r  

a c c e p to r  (EPA), such as SbCl^ and i s  th e  n e g a t iv e  v a lu e  o f  th e  

e n th a lp y  of th e  i n t e r a c t i o n  between an EPD and SbCl^ in  h ig h  d i l u t i o n  

o f  1 ,2 -d i c h lo r o e th a n e .

EPD + S b C lr  ^ EPD.SbClc -AH (EPD.SbCl^) = DN5""----------------  5 5

Table 2 .3  shows v a r io u s  s o lv e n t s  a r ran g ed  a c c o rd in g  to  

t h e i r  d o n ic i ty  v a lu e s  which seem to  b e a r  no obvious r e l a t i o n  to  the  

r e l a t i v e  p e r m i t t i v i t y  ( d i e l e c t r i c  c o n s ta n t s )  o f  th e  s o l v e n t s .  DMSO has 

one o f  th e  h ig h e s t  d o n i c i t y  v a lu e s  re c o rd e d  in  the  t a b l e .

The d o n a t io n  o f  an e l e c t r o n  p a i r  to  a s u b s t r a t e  cau ses  

changes in  th e  e l e c t r o n  d i s t r i b u t i o n  a lo n g  th e  bond M-X of th e  s u b s t r a t e

EPD + M-X --------> EPD------- »-M X

E l e c t r o n  s h i f t  and hence p o l a r i t y  r e s u l t s  in  th e  bond M-X 

which can u l t i m a t e l y  le a d  to  i o n i s a t i o n .  F ig u re  2 .1  shows i n c r e a s e  

in  th e  chem ica l s h i f t  o f  CF^I bond w ith  i n c r e a s in g  d o n ic i t y  o f  v a r io u s  

donor m o le c u le s .  From t h i s  f i g u r e  as  w i th  t a b l e  2 .3  one can r e c o g n i s e  

th e  i o n i s i n g  p o t e n t i a l i t y  of DMSO.

REACTION IN DMSO

DMSO has shown rem arkab le  s o lv e n t  power and s o lv e n t  a c t i o n .  

With some r e a c t i o n s  i t  enhances b ase  c a t a l y s i s  and a c t s  w i th o u t  b e in g  

c h e m ic a l ly  changed.

For exam ple, Cram and co -w orkers^   ̂ found t h a t  th e  r a t e  

of th e  p o ta ss iu m  t e r t - b u t o x i d e - c a t a l y s e d  h y d ro g en -d eu te r iu m  exchange 

o f  th e  o p t i c a l l y  a c t i v e  1 -pheny l methoxy e th a n e  i s  e q u a l  to  th e  r a t e  

o f  r a c i m i s a t i o n  i n  DMSO, and a l s o  t h i s  r a t e  i s  n o t  l e s s  than  10^ tim es 

t h a t  observed  in  L e r t - b u ty l  a l c o h o l  as r e a c t i o n  medium. I t  i s  e v id e n t



F ig u re  2 .1*  V a r ia t io n  o f  th e  chem ica l s h i f t  

i n  CFgl, which i s  a m easure o f  th e  é l e c t r o n  s h i f t  

i n  th e  bond, i n  the  p re s e n c e  o f  d i f f e r e n t  donor 

m o lecu les

DMSOytctone

. S h if

CGCl

4032248 16

D o n ic i ty  (DN)

* o b ta in e d  from r e f .  44
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Table 2 .3  D o n ic i ty  and d i e l e c t r i c  c o n s ta n t s  o f  s o lv e n t s

S o lv en t -AH(EPD.SnCl^) = DN

1 , 2 -d ic h lo ro e th a n e (K .C al. mol"^) - 10 .1

Thionyl C h lo r id e 0 .4 9 .2

N itrom ethane (NM) 2 .7 35 .9

A c e t ic  an hydride 10.5 20 .7

A c e t o n i t r i l e  (AN) 14.1 38 .0

E th y len e  s u l p h i t e  (ES) 15.3 41 .0

E th y len e  C arbonate  (EC) 16.4 89 .1

Acetone 17.0 20 .7

Water 18 .0 8 1 .0

T e t ra h y d ro fu ra n  (THF) 2 0 .0 7 .6

T rim e th y l pho sp h a te  (TMP) 23 .0 20 .6

Dimethyl formamide (DMF) 26 .6 36.1

Dimethyl su lp h o x id e  (DMSO) 29 .8 45 .0

P y r id in e  (PY) 33 .1 12 .3

Hexamethyl phosphoricam ide (HMPA) 3 8 .8 30 .0
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t h a t  base  c a t a l y s i s  was enhanced g r e a t l y  by in c o r p o r a t in g  DMSO in t o

th e  r e a c t i o n  m ix tu re .  . S i m i l a r l y ,  by u s in g  DMSO s a t u r a t e d  w i th
. (45) o

sub lim ed  p o ta ss ium  t e r t - b u t o x i d e ,  bromobenzene was c o n v e r te d  a t  25 C

f o r  15 hours  i n t o  t e r t - b u t y l  pheny l e t h e r  (86% y i e l d )  w hereas th e

r e a c t i o n  was found to  p roceed  to  o n ly  35% o f  th e  way in  9 hours  in

t e r t - b u t y l  a lc o h o l  a t  175°C; a g a in ,  p o ta ss iu m  t e r t - b u t o x i d e  showed

g r e a t e r  e f f e c t  as b a se  c a t a l y s i s  i n  DMSO. This  v a s t l y  enhanced

r e a c t i v i t y  o f  a lk o x id e  io n s  i n  DMSO over  t h e i r  r e a c t i v i t y  in  a lc o h o l

was a t t r i b u t e d ^45) th e  absence  of a l k o x id e - s o lv e n t  hydrogen  honds

i n  DMSO which a r e  p r e s e n t  i n  th e  h y d ro x y l ic  s o lv e n t .  However th e

in c re a s e d  base  s t r e n g t h  may be a t t r i b u t a b l e  to  th e  fo rm a t io n  o f  m ethyl

s u lp h in y l  ca rban iun  an io n  as i s  seen  l a t e r .

With o th e r  r e a c t i o n s ,  DMSO undergoes  chem ica l changes d u r in g

th e  r e a c t i o n .  In  m ild  a c i d i c  c o n d i t io n s  DMSO can a t t a c k  e l e c t r o p h i l i c

r e a g e n ts  th rough  i t s  oxygen atom w h i le  i n  s t r o n g ly  b a s i c  media DMSO

r e v e a l s  a c i d i c  c h a r a c t e r  and a t t a c k s  e l e c t r o n - d e f i c i e n t  c e n t r e s  th rough
0

i t s  c o n ju g a te  base  y^^-

REACTIONS IN MILDLY AGIDIC OR BASIC MEDIA

For example P f i t z n e r  and M o f f a t t ^ ^ ' ^ ^ v e  developed  a g e n e ra l  

method to  o x id i s e  p r im ary  a l c o h o l s  to  a ld eh y d es  and secondary  a lc o h o ls  

to  k e to n e s  by u s in g  a com bination  of d ic y c lo h e x y lc a rb o d i im id e  (C^H^^N =

C = NC^H^^; DCC) and a p ro to n  so u rce  u s u a l l y  anhydrous o r th o p h o s p h o r ic  

a c i d .  The mechanism p u t  fo rw ard  and su p p o r te d  by s t r o n g  e v id e n c e  f o r  

th e s e  r e a c t i o n s  i s  th e  i n i t i a l  fo rm a t io n  of a lkoxy  sulphonium  s a l t s  ( I I I )  

b ro u g h t  a b o u t by n u c l e o p h i l i c  a t t a c k  by DMSO on th e  p ro to n a te d  DCC to  form 

sulphonium  i s o u r e a  ( I )  fo l lo w ed  by n u c l e o p h i l i c  a t t a c k  by th e  a lc o h o l  on 

th e  s u lp h u r  atom of sulphonium  i s o u r e a .  The a lkoxysu lphonium  s a l t  i s  

a c t i n g  a s  an in t e r m e d ia te  whose d e co m p o si t io n  le a d s  to  th e  f i n a l  p r o d u c t .  

The fo l lo w in g  scheme f o r  o x id a t io n  i s  due to  F e n se la u  and M offa tt^^^^
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0

1 -  C Æ - N  = C = NC.H--  + CH.SCH. C, H, i N = CNHCÆ ^
o  11 D 11 3 3 o  11 j o  11

0

S(CHg)2

( I )

H+
L \  fi +

2 -  C ,H „N  = CNHC,H,,  y C,H„NCNHC,H,, + RR'CHO-S (CH.) „6 11 6 11 6 11 6 11 3 2

°- ( I I )  ( I I I )
"\S(CH 3)2

RR'CHÔH

3 -  R R 'C ;  ’> S CH.  y RR'C = 0 + CH.SCH.
Nil J  J  J

H    CH.
^  - -  2

(IV)

O x id a t io n  of h a l i d e s  and t o s y l a t e s  have been s tu d ie d  l a r g e l y  

by Kornblum and c o - w o r k e r s ^^9) r e p o r te d  t h a t  v a r i e t y  o f  phenacy l

h a l i d e s  were o x id i s e d  to  p h en y lg ly o x o ls  s im ply  by d i s s o lv in g  th o se  

compounds in  DMSO a t  room te m p e ra tu re  in  th e  p re s e n c e  of p ro to n  

a c c e p to r  (base)  such as sodium b ic a r b o n a te .  They showed l a t e r  

t h a t  b en zy l h a l id e s  and many p r im ary  a l k y l  t o s y l a t e s  cou ld  be 

c o n v e r te d  to  a ldehyde  in  r e l a t i v e l y  good y i e l d  (68-85%) by h e a t in g  

them i n  DMSO c o n ta in in g  sodium b ic a r b o n a te  to  a te m p e ra tu re  o f  

100-150°C f o r  l e s s  than  5 m in u te s .  The mechanism o f  th e s e  o x id a t io n  

r e a c t i o n s  d i f f e r  from t h a t  o f  a l c o h o ls  i n  t h a t  th e  in t e r m e d ia te  

a lkoxysu lphonium  s a l t  (V) i s  formed by th e  d i r e c t  n u c l e o p h i l i c  a t t a c k  

o f  DMSO on th e  r e a g e n t .  The c o l l a p s e  o f  th e  a lkoxysu lphon ium  io n

to  th e  p ro d u c t  fo l lo w s  th e  c y c l i c  pathway shown i n  s t e p  3

0 0 
II + b a s e  II

Ph -  C -  CH,- 0 -  S(CH-)_ ---------^  PhC CHO + CH.SCHj X j  Z J J
H

(V)
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DMSO i s  reduced  a t  th e  end o f  th e  r e a c t i o n  to  d im e th y l

s u lp h id e .  The base  a b s t r a c t s  a lp h -h y d ro g e n  which was shown by 

(51)T o r s e l l  to  show g r e a t  a c t i v i t y  by th e  p re s e n c e  o f  a c a rb o n y l  

group . These o x id a t io n  r e a c t i o n s  t h e r e f o r e  a r e  s u i t a b l e  f o r  a l p h -  

h a l o e s t e r s ,  a c id s  phenacy l h a l i d e  and ben zy l h a l i d e

REACTIONS IN BASIC MEDIA;

DMSO has shown i t s  p o te n cy  f o r  p rom oting  c e r t a i n  r e a c t i o n s  

by a c t in g  as a r e a g e n t  in  y e t  a n o th e r  f i e l d .  I n  b a s i c  media DMSO 

shows a c i d i c  p r o p e r t i e s  i . e .  i t  may lo s e  one p ro to n  from one o f  i t s  

m e thy l group and thus  a f f o r d in g  a c o n ju g a te  b ase  th rough  which i t  

can a t t a c k  e l e c t r o n - d e f i c i e n t  c e n t r e s .  Corey and Chaykovsky^^^<54) 

w ere th e  f i r s t  to  s tu d y  th e  e x i s t e n c e  o f  t h i s  type  o f  th e s e  r e a c t i o n s .  

They r e p o r te d  t h a t  the  r e a c t i o n  of DMSO w ith  sodium h y d r id e  a t  70-75°C 

under  n i t r o g e n  c o n s t i t u t e s  an e f f i c i e n t  medium f o r  s y n th e s i s  o f  the
g _

sodium s a l t  of th e  c a rb a n iu n  08^50^2 . Owing to  th e  low a c i d i t y

o f  DMSO which i s  abou t 8 x 10^ l e s s  than  t h a t  o f  t r i p h e n y l m e t h a n e ^55 )

The p ro d u c t io n  of m e thy l s u lp h in y l  ca rb a n iu n  a n io n s ,  CH^S0CH2 , needs

to  be conducted  in  s t r o n g  b a s i c  medium. Owing to  i t s  n u c l e o p h i l i c

c h a r a c t e r ,  m ethy l s u lp h in y l  c a rb a n iu n  r e a c t s  w i th  e l e c t r o p h i l i c  re a g e n ts

such  as  sulphonium  s a l t s ,  a ld e h y d e s ,  k e to n e s ,  e s t e r s ,  e t c .  Corey and

C haykovsky^^^ '^^^m onstra ted  t h e i r  p ro o f  f o r  th e  q u a n t i t a t i v e  g e n e r a t io n

of m ethyl s u lp h in y l  ca rb a n iu n  a n io n s  upon th e  r e a c t i o n  o f  sodium h y d r id e

w i th  DMSO by th e  f a c t  t h a t  when th e y  added benzophenone and benzaldehyde

to  DMSO s o l u t i o n  o f  sodium h y d ro x id e .  g-hydroxy s u lp h o x id e  (VO waS

o b ta in e d  a t  room te m p e ra tu re

0 0 “  0
II I II

Ph^CO + CHgSCHg ------» Pl>2C -CH^SCH,

“1Ph 2 C(OH)CH 2 SCH (86% yield)
(VI)
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3“hydroxy su lp h o x id e s  can be  produced  u s in g  th e  above 

method upon a ldehydes  and k e to n e s .  With e n o l i s a b l e  k e to n e s ,  

é n o l i s a t i o n  p ro c e s s  competes a long  w i th  th e  above r e a c t i o n  as  th e  

e n o l a l e s  become s t a b l e  towards f u r t h e r  a t t a c k  by th e  a n io n .

R eac t io n  o f  m ethy l s u lp h in y l  ca rb a n iu n  w i th  e s t e r s ^ ^4 ,56 ,57)  

y i e ld e d  g -k e to  su lp h o x id e s .  R e a c t io n s  o f  p r im ary  a l k y l  h ad id es  

and t o s y l a t e s  w i th  v a r io u s  a lk o x id e s ^ ^ ^ )  in  DMSO had le d  to  

s u b s t i t u t i o n  r e a c t i o n s  by th e  c a rb a n iu n  an ions  p ro d u c in g  a l k y l  

s u lp h o x id e s .

Thus, DMSO i s  a b le  to  enhance b ase  c a t a l y s i s  and to  f u n c t i o n  

as  a n u c l e o p h i l i c  r e a g e n t .  I t  seemed w o r th w h ile ,  t h e r e f o r e ,  to  u se  

i t  as s o lv e n t  i n  th e  s tu d y  of th e  a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n  

r e a c t i o n s  which form th e  s u b je c t  o f  t h i s  t h e s i s .



CHAPTER I I I

EXPERIMENTAL
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PREPARATION OF MATERIALS

SOLVENTS

Methanol (Merck " A r i s t a r " ) ; m e th a n o l-o -d  (K osh-L ight 

L a b o r a to r i e s ,  Colnbrook) w i th  (98%) d eu te r iu m  c o n t e n t ,  d im e th y l  

su lp h o x id e  (BDH, s p e c t r o s c o p ic  g r a d e ) ,  to lu e n e  (BDH, A n a la r)  and 

benzene (BDH, A nala r)  were used  w i th o u t  f u r t h e r  p u r i f i c a t i o n .

METHANOLIC SODIUM METHOXIDE (~4M)

-3Clean sodium m e ta l  (~ 1 .2  x 10 kg) was rou g h ly  w eighed 

in  to lu e n e ,  d r i e d ,  washed w i th  m e th an o l,  r e f l u x e d  in  m e thanol (12 mis) 

c o n ta in e d  in  a f l a x  f i t t e d  w i th  a w a te r - c o n d e n s e r , and guard  tube  f i l l e d  

w i th  s i l i c a  g e l .  A f te r  th e  s o l u t i o n  had coo led  to  room te m p e ra tu re  i t s  

c o n c e n t r a t i o n  was de te rm in ed  by c o n d u c t im e t r ic  t i t r a t i o n  u s in g  s ta n d a rd  

h y d ro c h lo r i c  a c id .  More d i l u t e  s o lu t i o n s  were p re p a re d  by d i l u t i o n  

w i th  m ethanol and a g a in  s t a n d a r d i s e d ,

METHANOLIC-O-D SODIUM METHOXIDE

As f o r  m e th a n o l ic  sodium m ethoxide b u t  i n  a "g lo v e  box" 

under a m o i s t u r e - f r e e  n i t r o g e n  a tm osphere . S t a n d a r d i s a t i o n  was 

perfo rm ed  o u t s id e  th e  " g lo v e  box" as p r e v io u s ly  d e s c r ib e d ,  

l-CHLORO-2, 4-DINITRONPAHTHALENE (P rocedu re  as used  by G i l b e r t ^ ^ ^  based  

on t h a t  d e s c r ib e d  by Ullman and B ruck^^^^),

2 ,4 - d i n i t r o n a p h th a l e n e  (BDH; 96 g ) , p - to lu e n e  s u lp h o n y l  c h lo r id e  

(80 g) and d ie th y la m in e  (120 g) were h e a te d  on a  w a te r  b a th  f o r  t h r e e  

h o u rs .  The p ro d u c t  was p u r i f i e d  by h e a t in g  w i th  (IN, 600 m is) 

h y d ro c h lo r i c  a c i d ,  f i l t e r e d ,  r e s id u e  was washed w i th  h y d r o c h lo r i c  a c id  

(IN, 2 X 200 m is) and th en  w i th  w a te r  (2 x  200 m is) and t h r e e  t im es  

r e c r y s t a l l i s e d  from a c e t i c  a c id  to  g iv e  y e l lo w  p l a t e l e t s  (86 g, 85%) m,p, 147°C 

(Ullman and Bruck; 147°C),

1-METH0XY(C-14), 2,4-DINITRONAPHTHALENE (P ro ced u re  d e s c r ib e d  by G i l b e r t . 

l - C h l o r o - 2 ,4 - d in i t r o n a p h t h a l e n e  (3 ,5  g) was d i s s o lv e d  in
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benzene (12 mis) c o n ta in e d  in  2-armed f l a s k  f i t t e d  w i th  a s e p a r a t i n g  

fu n n e l  and w a te r  condenser  w i th  s i l i c a  g e l - f i l l e d  guard  tu b e .  To 

the  r e f l u x i n g  s o l u t i o n  was added m e th a n o l ic  sodium m ethoxide (4M, 4 m is) 

fo llo w ed  by m ethanol (C-14) (1 ml, 200 y . c . ,  s u p p l ie d  by R ad iochem ica l 

C e n t r e ) ; th e  s o l u t i o n  became re d  and a s l i g h t  re d  p r e c i p i t a t e  form ed.

The s o l u t i o n  was r e f lu x e d  f o r  90 m in u te s ,  c o o le d ,  s e p a r a t e d  betw een 

co ld  w a tey 'b en z en e  q u ic k ly  to  m in im ise  h y d r o ly s i s .  The w a te r  l a y e r  was 

a c i d i f i e d  and th e  e t h e r  produced was e x t r a c t e d  i n t o  b enzene ,  th e  c rude  

p ro d u c t  (3 .4  g ,  99% m.p. 93°C) was p u r i f i e d  t h r e e  tim es from m ethano l 

(2 .5  g, 75%) m.p. 98.5°C ( L i t .  9 8 .5 °C ).

P-NITROANISOLE (The method d e s c r ib e d  by F end le r^^^^  was a d o p te d ) .

di.  -3
A n a la r ,  p ^ n i t ro b e n z e n e  (4 .2  x 10 kg) was added to  sodium

-3m ethoxide s o l u t i o n  (0 .7  x 10 kg sodium d is s o lv e d  in  7 mis m e thano l)  

c o n ta in e d  in  a f l a s k  f i t t e d  w i th  w a te r -c o n d e n se r  and s i l i c a  g e l - f i l l e d  

guard  tu b e .  F u r th e r  q u a n t i t y  o f  m ethano l (2 m is) was added to  th e  

m ix tu re ,  r e f lu x e d  g e n t ly  f o r  10 m inu tes  and then  a llow ed  to  c o o l .  The 

a lm o s t  s o l i d  mass was d i l u t e d  w ith  ic e - c o o le d  w a te r  (50 m i s ) ,  a c i d i f i e d  

w ith  0.2N h y d ro c h lo r i c  a c id  and then  made s l i g h t l y  a l k a l i n e  to  keep 

p - n i t r o p h e n e t o l e  in  s o l u t i o n .  The c rude  p ro d u c t  was washed w i th  w a te r ,  

c o l l e c t e d  a t  th e  pump and th r e e  tim es r e c r y s t a l i s e d  from m e th an o l,  u s in g  

c h a rc o a l  d u r in g  th e  f i r s t  c r y s t a l i s a t i o n  and 80% y i e l d  o f  p ro d u c t  m .p . 

53.5°C ( L i t e r a tu r e ^ ^ ^ ^ 5 4 .0 ° C ) . The sample was s u b je c t  to  zone r e f i n i n g  

and gave a p ro d u c t  whose m .p. was unchanged.

P-NITROANISOLE (METHYL, C-14)

The sample used  had been  p re p a re d  by F e n d le r  by r e a c t i n g  

p -n i t r o b e n z e n e  w ith  sodium m ethoxide -  C-14.

For th ip  work i t s  p u r i t y  was checked by m.p. (5 3 .5 ° C ) , mixed 

m e l t in g  p o i n t  w i th  th e  z o n e - r e f in e d  sample whose p r e p a r a t io n  i s  d e s c r ib e d  

above (m.p. 53.5°C) and by u l t r a v i o l e t  s p e c tro p h o to m e try  in  d im e th y l  

su lp h o x id e  s o l u t i o n .
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STOCK SOLUTION OF SODIUM CHLORIDE IN DIMETHYLSULPHOXIDE

0 .1228  X 10 ^ kg. o f  sodium c h l o r i d e  (BDH, a n a l a r )  d r i e d  

o v e rn ig h t  a t  120°C was d i s s o lv e d  in  d im e th y l  s u lp h o x id e  (100 m l5 .)  

w i th  the  h e lp  o f  g l a s s - c o a t e d  m agne tic  s t i r r e r .  The c o n c e n t r a t i o n ,  

c a l c u l a t e d  from w eig h t and volume r e l a t i o n  was 0 .0 2 1  M a t  20°C.

SODIUM CHLORIDE (Cl^^) SOLUTION IN DIMETHYL SULPHOXIDE

0 .3  m is. c h lo r in e - 3 6  in  th e  form o f  aqueous sodium c h l o r i d e  

(1 .34  m is , )  25 y . c .  s u p p l ie d  by R ad iochem ica l C en tre )  was d r i e d  under 

vacuum and th e  h e a t  b e in g  g r a d u a l ly  in c r e a s e d  to  260^0 f o r  a b o u t  s i x  

h o u rs ;  th e  coo led  r e s id u e  was d i s s o lv e d  in  sodium c h l o r i d e  s to c k  

s o l u t i o n  in  DMSO. The c h l o r i d e  c o n c e n t r a t i o n  o f  t h i s  l a b e l l e d  s o l u t i o n  

was de te rm in ed  by r a d io m e t r i c  t i t r a t i o n  u s in g  a s ta n d a rd  s o l u t i o n  of 

s i l v e r  n i t r a t e .

EXPERIMENTAL TECHNIQUES ,

a) KINETIC EXPERIMENT

S o lu t io n  o f  th e  methoxy n i t r o a r o m a t i c  compound (4 m is) and 

sodium m ethoxide (o r  c h l o r i d e )  (5 mis) , b o th  o f  doub le  th e  c o n c e n t r a t i o n  

r e q u i r e d  f o r  th e  ru n ,  were t r a n s f e r r e d  i n t o  two s e p a r a t e  g ro u n d -s to p p e r  

b o t t l e s  (25 mis c a p a c i ty )  and p u t  i n t o  a th e r m o s ta t i c  b a th  a t  room 

te m p e ra tu re .  A f te r  30-40 m in u te s ,  sodium m ethoxide  (o r  sodium c h lo r id e )  

s o l u t i o n  (4 mis) was t r a n s f e r r e d  to  th e  o th e r  b o t t l e  c o n ta in in g  th e  a ro m a tic  

compound, th e  s to p -w a tc h  b e in g  s t a r t e d  when th e  s o l u t i o n  was h a l f - d e l i v e r e d .

Samples (0 .1  m is) a t  v a r io u s  p e r io d  were w ithdraw n by 

m i c r o p ip e t t e  and t r a n s f e r r e d  in t o  a s e p a r a t in g  fu n n e l  c o n ta in in g  a m ix tu re  

o f  to lu e n e  (3 mis) and 0 .2  N h y d ro c h lo r i c  a c id  (5 m is ) .  A f te r  s e p a r a t io n  

the  to lu e n e  l a y e r  was washed w ith  d i s t i l l e d  w a te r  (5 mis) and th e n  

t r a n s f e r r e d  (2 .7  m is) i n t o  a co u n t in g  b o t t l e  c o n ta in in g  th e  l i q u i d  s c i n t i l l a t o r  

(3 m is,  N u c lea r  E n t e r p r i s e s  type  NE 213) and was co u n ted .
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The m icro  p i p e t t e  used f o r  sam pling  was b e in g  k e p t  in  

th e  th e r m o s t a t i c  b a th  in  a s e p a r a t e  d ry  tube  and covered  w i th  c o t to n  

p lu g .

Allowance was made, when r e s u l t s  w ere b e in g  c a l c u l a t e d ,  

f o r  s o lv e n t  expans ion  o r  c o n t r a c t i o n .

M icro p i p e t t e s  and a l l  m easu ring  g la s s  were c a l i b r a t e d  w i th  

f r e s h l y  d i s t i l l e d  and doubly  d e - io n i s e d  w a te r .  The s to p -w a tc h  was 

checked a g a i n s t  the  P o s t  O f f ic e  Telephone sp eak in g  c lo c k .

Thermometers read  to  0 .05°C , were c a l i b r a t e d  a g a i n s t  therm om eters 

h av ing  N .P .L . c e r t i f i c a t e s .

COUNTING TECHNIQUE

A l i q u i d  s c i n t i l l a t i o n  co u n t in g  method was u s e d ,  th e  c o u n tin g  

was perfo rm ed  w ith  a s c i n t i l l a t i o n  c o u n te r  (IDE, type  6012) coupled  w ith  

c o in c id e n c e  u n i t  (IDL, 2032) and s c a l e r  (IDE, 6000).

The s c i n t i l l a t i o n  c o u n te r  employed a tw o-channe l sy s tem , and 

a b lo c k  d iagram  i s  shown in  F ig u re  ( 3 .1 ) .  The s c i n t i l l a t i o n s  produced 

which were d e t e c te d  s im u l ta n e o u s ly  by b o th  p h o to m u l t i p l i e r  tu b es  were 

d i s t i n g u i s h e d ,  by th e  c o - in c id e n c e  m ix e r ,  from th e  random th e rm al n o is e  

p u ls e s  p roduced ,  n o t  n o rm ally  s im u l ta n e o u s ly ,  by the  two p h o to -c a th o d e s .  

Background r a d i a t i o n  which t r a n s f e r r e d  energy  g r e a t e r  th an  t h a t  t r a n s f e r r e d  

by th e  maximum energy g - p a r t i c l e s  from th e  ca rbon-14  to  th e  l i q u i d  

s c i n t i l l a t o r ,  was e l im in a te d  by the  "Upper G ate" d i s c r i m i n a t o r  and th e  

a n t i - c o in c id e n c e  m ixer .  Thus a good c o u n t in g  e f f i c i e n c y  f o r  carbon-14  

combined w i th  a r e l a t i v e l y  low background was a c h ie v e d .

Problem s in v o lv in g  quenching  d u r in g  the  s c i n t i l l a t i o n  p ro c e s s  

and p a s sa g e  o f  th e  s c i n t i l l a t i o n  q u a n ta  to  th e  p h o to -c a th o d e  d id  n o t  

a r i s e ,  as a l l  c o u n t in g  samples i n  a g iven  run  were o f  th e  same chem ica l 

c o m p o s i t io n ,  and hence quenching  was c o n s ta n t .

The approx im ate  optimum EHT v o l t a g e  a p p l ie d  to  each  p h o to m u l t i p l i e r  

tu b e ,  and the  b ia s  a t  the  "upper g a te "  were de te rm ined  by t r i a l  and e r r o r



F ig u re  ( 3 .1 ) :  B lock d iagram  f o r  low background

c o n in c id e n c e  c i r c u i t

DISC

AMP

DISC

PROBE PROBE

AMP

E.H.T E.H.T

DISCRIM

ANTI-
COINCID

CO-INCIDENCE

SCALER

PHOTO
■MULTIPLIER

PHOTO
MULTIPLIEI



- 3 4  -

to  g iv e  as h ig h  a sample c o u n t - r a t e  as p o s s i b l e  combined w ith  as low 

a background c o u n t - r a t e  as p o s s i b l e ,

b) ABSQRPTIOMETRIC EXPERIMENT

■■ S o lu t io n s  o f  the  a ro m a tic  compound and sodium m ethoxide (or

c h l o r i d e )  were mixed a t  room te m p e ra tu re  in  th e  same p r o p o r t io n  as t h a t  

o f  th e  ru n .  A f te r  a time p e r io d  enough f o r  e q u i l ib r iu m  to  be a t t a i n e d  

a sample o f  th e  m ix tu re  (25-50 y l )  was t r a n s f e r r e d  i n t o  one o f  two 

matched s i l i c a  c e l l s  (1 cm w id th )  and d i l u t e d  w i th  th e  s o lv e n t  (2 .5  c c s . 

m ethano l o r  d im e th y l s u lp h o x id e ) .  The sample was then  m easured a g a i n s t  

th e  s o lv e n t ,  c o n ta in e d  in  th e  o th e r  c e l l ,  u s in g  an a u to m a tic  U.V. 

sp e c tro p h o to m e tre  (Unicam, SP700).

The r e s u l t i n g  a b s o r p t io n  s p e c t r a  a r e  shown in  F ig u re s

EVALUATION OF RESULTS

i )  KINETIC EQUATION

In  th e  s tu d y  o f  i s o t o p i c  exchange r e a c t i o n ,  th e  e q u a t io n  

d e r iv e d  by M c K a y i s  g e n e r a l l y  used  f o r  e v a lu a t in g  the  r a t e .  T h is

e q u a t io n  may be d e r iv e d  as  fo l lo w s ;  th e  r e a c t i o n  b e in g  r e p r e s e n t e d  by
* *

AX + BX ---------- AX + BX X, r e f e r s  to  th e  t r a c e r1   '
atom o r  group

a t  ze ro  t im e , y^ x^

a t  time t ,  y x

The r a d i o a c t i v e  t r a c e r ,  X*, in  one o f  th e  r e a c t a n t  exchanges

w ith  i t s  ana logue  in  the  o th e r  r e a c t a n t  u n t i l  i s o t o p i c  e q u i l ib r iu m  i s

r e a c h e d ;  no new chem ica l compound i s  formed. Thus, th e  o v e r a l l
*

c o n c e n t r a t i o n s  o f  th e  r e a c t a n t s ,  AX , ( i . e .  AX + AX ) and BX ( i . e .

BX + BX*) rem ain  c o n s ta n t  p ro v id ed  t h a t  t h e r e  i r  n e g l i g i b l e  i s o to p e  decay .

L e t  AX = a and BX = b . L e t  S ^  and S^^ d en o te  th e  

s p e c i f i c  a c t i v i t y  o f  th e  two s p e c i e s ,  t h e r e f o r e ,  a t  tim e t ,  S ^  = ^
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and = Y' S ince  o n ly  c o l l i s i o n s  between i n a c t i v e  and a c t i v e  m o lecu les
*

le a d  to  exchange, the  t o t a l  r a t e  a t  which l a b e l l e d  AX m olecu le s  a r e  formed

i s  equa l to  R S g ^ ( l - S ^ )  where R i s  th e  t o t a l  r a t e  of exchange o f  X (bo th

a c t i v e  and i n a c t i v e )  between the  two s p e c i e s .

A s i m i l a r  argument a p p l i e s  f o r  th e  r e v e r s e  r e a c t io n ,n a m e ly  the  
*

d is a p p e a ra n c e  of X from AX m o le c u le s .  The n e t  r a t e  f o r  appea rance  o f  

X* in  AX m olecu les  i s  t h e r e f o r e ,

dt" ^ "  ^^AX^^"^BX^

^^^BX“ ^AX^

i . e . , = R(y  -  —) (3 .1 )

From th e  c o n s e rv a t io n  o f  r a d i o a c t i v i t y ,  and n e g l e c t i n g  r a d i o i s o t o p i c  

decay

x + y = X + y

i . e .  y = X + y -  X (3 .2 )

From th e  e q u a l i t y  of s p e c i f i c  a c t i v i t y  a t  i s o t o p i c  e q u i l ib r i u m ,  and

assuming chem ical i d e n t i t y  o f  i s o to p e s

X Y ,
« = « (3 .3 )
a b

bI . e .  y = X —
00 00 ^

by s u b s t i t u t i o n  e q u a t io n  (3 .2 )  becomes

_  b ,
y  =  X ( 1+ ^ ) -  X 

and e q u a t io n  (3 .1 )  becomes

# = + % - =) - Î]
= ^  (a  + b) (x -  x)

I . e .

dx R a j : b
(x -  x) ab
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On i n t e g r a t i o n  and ap p ly in g  th e  boundary c o n d i t io n  t h a t  X = (X^) a t

t  = G and X = (X) a t  e q u i l ib r iu m ,  we g e t
00

■ H r  » • «

From e q u a t io n  (3 .4 )  i t  can be seen  t h a t  a p l o t  of &n 1 -  ^

a g a i n s t  t im e ,  t  g iv e s  s t r a i g h t  l i n e .  R can be e v a lu a te d  from the

s lo p e  o f  t h i s  s t r a i g h t  l i n e ;  i t s  v a lu e  does n o t  depend on th e  c o n c e n t r a t i o n

of the  t i a c e r  o r  even i t s  p re s e n c e .

The o rd e r  o f  th e  r e a c t i o n  i s  d e te rm ined  e x p e r im e n ta l ly  i n  the

norm al way. I f  f o r  example th e  exchange r e a c t i o n  tu rn s  o u t  to  be f i r s t

o rd e r  w i th  r e s p e c t  to  each o f  th e  r e a c t a n t s ,  i . e .  i t  fo l lo w s  a second

o rd e r  o v e r a l l  k i n e t i c  e q u a t io n ,  R, th e  exchange r a t e  i s  g iv en  by

R = k [ A x ] [ B x ]

where k i s  th e  s p e c i f i c  r a t e  of exchange

i i )  USE OF THE KINETIC EQUATION

The fo re g o in g  d e r i v a t i o n  o f  th e  McKay e q u a t io n  i s  on th e  b a s i s

t h a t  th e  r e a c t i o n  w i l l  be  fo llo w ed  by m easuring  th e  r a t e  of appea rance

of th e  t r a c e r  in  compound AX*, i . e .  t h a t  th e  a c t i v i t y  o f  AX in c r e a s e s  as

th e  r e a c t i o n  p r o g r e s s e s  towards i s o t o p i c  e q u i l ib r iu m .  This  s t a t e  of

a f f a i r s  a p p l ie d  in  th e  p r e s e n t  work where c h l o r i n e  exchanges were b e in g

s tu d ie d ;  th e  a c t i v i t y  o f  th e  o rg a n ic  c h lo ro  compounds i n i t i a l l y  u n l a b e l l e d ,

was m on ito red  i n  o rd e r  to  d e te rm in e  th e  r e a c t i o n  f a t e .

Where methoxy exchanges were s tu d i e d ,  however, the  a n a l y t i c a l

te c h n iq u e  in v o lv e d  m easuring  th e  r a t e  of d is a p p e a ra n c e  o f  t r a c e r  from
*

th e  a ro m a tic  methoxy compound, i . e .  th e  a c t i v i t y  o f  compound BX , 

i n i t i a l l y  l a b e l l e d ,  d e c re a s e s  as  th e  r e a c t i o n  p r o g r e s s e s .  Thus, i t  i s

r e q u i r e d  to  e l im i n a t e  x r a t h e r  th a n  y from e q u a t io n  ( 3 .1 ) .  I f  t h i s  i s
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c a r r i e d  o u t ,  the  r e s u l t ;

-  i n  ÇÇ  -  a b

% -  Yo

i s  o b ta in e d ,  and t h i s  has  been used  to  e v a l u a t e  r a t e s  R f o r  th e s e  

exchange r e a c t i o n s .  F u r th e rm o re ,  where th e  r e a c t i o n s  a r e  c a r r i e d  

o u t in  m ethanol as s o l v e n t ,  a >> b ,  as  th e  m ethoxide io n s  a r e  i n  r a p id  

exchange w i th  the  m e thanol m o lecu le s  and a r e p r e s e n t s ,  t h e r e f o r e ,  th e  

t o t a l  c o n c e n t r a t i o n  o f  m ethoxide io n  p lu s  m e th an o l.  Under th e s e  

c i rc u m s ta n c e s ,  y w i l l  be n e g l i g i b l y  s m a l l ,  as when i s o t o p i c  e q u i l i b r i u m  

i s  reach ed  a lm ost a l l  o f  th e  t r a c e r  w i l l  be i n  th e  form o f  m e th a n o l /  

m ethoxide io n  (e q u a t io n  3 . 3 ) .  E q u a t io n  (3 .5 )  became, t h e r e f o r e ,

-  &n ^  ^  t  (3 .6 )
Y o  b

and t h i s  was used  to  e v a l u a t e  R.

However, when th e  r e a c t i o n s  a r e  c a r r i e d  o u t  in  d im e th y l  

su lp h o x id e  s o l u t i o n ,  th e  amount o f  m ethano l added i s  l i m i t e d ,  and b i s  

no lo n g e r  n e g l i g i b l y  sm a l l  compared w i th  a ;  y^  i s  a l s o  n o t  n e g l i g i b l e .  

The com plete  form o f  e q u a t io n  (3 .5 )  was u se d ,  t h e r e f o r e  to  e v a l u a te  r a t e s

i i i )  ERRORS AND CORRECTIONS

E q u a t io n  (3 .4 )  im p l ie s  t h a t ,  i r r e s p e c t i v e  of th e  exchange 

mechanism, th e  k i n e t i c  p l o t  i s  l i n e a r .  The c o n d i t io n s  n e c e s s a r y  f o r  

a p p l i c a t i o n  o f  th e  McKay e q u a t io n  were d i s c u s s e d  by H a ir is ^ ^ ^ ^  and
r \

Bunton e t  a l  , who concluded  t h a t  th e  t r e a tm e n t  i s  v a l i d  p ro v id e d  t h a t

(a) There i s  no i s o to p e  e f f e c t  on th e  exchange r e a c t i o n ,  i . e .  

th e  r a t e  of th e  exchange r e a c t i o n  i s  n o t  a f f e c t e d  by the  p r e s e n c e  o f  th e  

l a b e l l e d  atoms.

(b) The c o n c e n t r a t i o n  o f  th e  l a b e l l e d  atoms i s  s u f f i c i e n t l y  

low; i n  th e  p r e s e n t  work the  p r o p o r t i o n  o f  c h l o r i n e  atoms t h a t  a r e  

l a b e l l e d  was l e s s  th a n  1 in  500 w h i le  i n  th e  methoxy exchanges th e  

p r o p o r t i o n  was c o n s id e ra b ly  s m a l l e r .
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(c)  There i s  no a p p r e c ia b le  i s o t o p i c  decay ; t h i s  i s  t r u e  i n  th e  

p r e s e n t  work as the  h a l f - l i f e  o f  ca rbon -14  (5760 y e a r s )  and c h lo r in e - 3 6  

(3 .1  X 10^ y e a r s )  a r e  long .

With r e g a rd  to  p o i n t  ( a ) ,  i f  t h e r e  i s  an i s o to p e  e f f e c t ,  then  

th e  assum ption  o f  chem ica l i d e n t i t y  of i s o to p e s  i s  no lo n g e r  t r u e  and 

e q u a t io n  ( 3 . 3 . )  must be r e p la c e d  by

0̂0 y00
= Ea b

where e i s  a m easure o f  th e  i s o to p e  e f f e c t .

C a rb o n - iso to p e  e f f e c t s  were ta k en  to  be n e g l i g i b l e  f o r  th e

methoxy exchanger owing to  th e  sm a l l  d i f f e r e n c e  in  r e l a t i v e  mass between

and and a l s o  to  th e  l a b e l l i n g  b e in g  one atom removed from th e

s e a t  o f  th e  r e a c t i o n .

In  th e  c a se  o f  c h l o r i n e  exchanges ,  th e  r e l a t i v e  mass d i f f e r e n c e

a re  s m a l le r  s t i l l ;  fu r th e rm o re  the  t r a c e s  u se d ,  Cl , i s  mid-way in

35 37 .mass number between th e  two i s o to p e s  Cl and Cl which c o n s t i t u t e  

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

( iv )  EVALUATION OF RATES AND SPECIFIC RATES

(1) METHANOL AND METHANOL-O-D AS SOLVENT

The on ly  a ro m a t ic  compound used  h e re  was 1 - m e t h o x y ,2 ,4 - d in i t r o -

n a p h th a le n e ,  and th e  k i n e t i c  p a t t e r n  o f  th e  r e a c t i o n  had been  shown by 

(13)G i l b e r t  to  be of th e  ty p e  d e s c r ib e d  on page ( 7 ) ,  f i g u r e  ( 1 .2 ) ;  the  

r a t e - d e t e r m in in g  s t e p  i s  th e  f i r s t  o r d e r  d ecom posi t ion  o f  th e  M eisenheim er 

c o n ^ le x ,  and th e  k i n e t i c s  a r e  o f  th e  ty p e ,

R ate  = k ^comple:^ (3 .7 )

A t y p i c a l  k i n e t i c  p l o t  o b ta in e d  in  th e  p r e s e n t  work i s  g iven  in  

f i g u r e  ( 4 .1 ) .  The q u a n t i t i e s  y and y^ i n  e q u a t io n  (3 .6 )  a re  

r e p r e s e n te d  by count: r a t e s  S and o f  samples a t  tim es  t  and t ^  ( t ^  = 0 ) ,

and the  s lo p e  o f  th e  l i n e  i s ,  t h e r e f o r e ,  g iven  by g  (e q u a t io n  3 . 6 ) .
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R may, t h e r e f o r e ,  be e v a lu a te d .  The s lo p e  and i n t e r c e p t  w ere ,  i n  f a c t ,

c a l c u l a t e d  by th e  method o f  l e a s t  sq u a re s  and 95% co n f id e n ce  i n t e r v a l s

o f  th e  r a t e s  were g iv e n ,  a com puter (ICL, 1900) b e in g  used  to  p e r fo rm  
*

th e  c a l c u l a t i o n .  The i n t e r c e p t  was th en  compared w i th  S^, th e  v a lu e

"ex p ec ted "  to  e v a lu a te  th e  f r a c t i o n  a o f  th e  a ro m a t ic  compound in  th e  form 

o f  M eisenheim er com plexes; th e  p ro c e d u re  fo llo w ed  was t h a t  o f  K atsanos 

S . a
So = + (1 -  «) S i

R earran g in g
S

a = 2 (1 -  - ^  )
i

was de te rm ined  e x p e r im e n ta l ly  by fo l lo w in g  th e  p ro c e d u re  

d e s c r ib e d  on page (32) w ith  th e  m o d i f i c a t io n  t h a t  h e re  s o lv e n t  r a t h e r  th an  

m ethoxide s o l u t i o n  was u se d .  Sampling was c a r r i e d  o u t  a t  a p p r o p r i a t e  tim e 

i n t e r v a l s  and th e  cons tancy  o f  th e  c o u n t - r a t e  i n d i c a t e d  t h a t  methoxy exchange 

w ith  s o lv e n t  was n o t  o c c u r r in g  d u r in g  th e  t im e  the  r e a c t i o n  was o b se rv ed .

The mean o f  th e  coun t r a t e s  was ta k e n  as

Knowledge of a en ab led  th e  c o n c e n t r a t i o n  o f  M eisenheim er complex 

to  be c a l c u l a t e d ,  and hence th e  s p e c i f i c  r a t e ,  k ,  was e v a lu a te d  by 

e q u a t io n  ( 3 .7 ) .

U n fo r tu n a te ly  i t  p roved  to  be v e ry  d i f f i c u l t  to  o b t a in  b e t t e r  

th a n  an approx im ate  v a lu e  f o r  a ;  th e  coun t r a t e s  measured were s u b j e c t  

to  th e  norm al s t a t i s t i c a l  e r r o r s  in v o lv ed  i n  c o u n t in g  r a d i o a c t i v e  so u rce s  

as w e l l  as e x p e r im e n ta l  e r r o r s  in  th e  sam pling  and a n a l y t i c a l  p r o c e s s e s .  

A ttem pts  were made to  improve m a t t e r s  by c a l c u l a t i n g  th e  e q u i l ib r i u m  

c o n s t a n t ,  K, f o r  th e  fo rm a t io n  o f  th e  complex f o r  each ru n ,  ta k in g  an 

average  v a lu e  f o r  s e v e r a l  r u n s ,  and c a l c u l a t i n g  backwards from t h i s  to  

o b ta in  a b e t t e r  v a lu e  f o r  a .  However i t  was found im p o ss ib le  to  a c h iev e

* The a u th o r  in d e b te d  to  Mr. E. Rees o f  B o lton  I n s t i t u t e  o f  Technology 

f o r  a s s i s t a n c e  in  p r e p a r in g  th e  com puter programmes.
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much b e t t e r  p r e c i s i o n  based  on th e  a u t h o r ' s  d a t a ,  and th e  fo l lo w in g  

p ro ced u re s  were adop ted .

(1) The c o n c e n t r a t i o n  o f  m ethoxide io n s  was in c r e a s e d  so t h a t  

a approx im ated  to  u n i t y .  However an unduly  la rg e  ex ce ss  o f  m ethoxide 

was avo ided  in  case  s a l t  e f f e c t s  were too  a p p a re n t

R e s u l t s  a r e  p r e s e n te d  in  T ab le  (4 .4 )  and th e  ap p ro x im a tio n

s.of th e  v a lu e  o f  —  to  0 .5  confirm s t h a t  a can indeed  be ta k en  as u n i t y ,  
^ i

and t h a t  s u b s t a n t i a l l y  a l l  o f  th e  a ro m a tic  methoxy compound i s  i n  th e  form 

o f  complex. The s p e c i f i c  r a t e s  were e v a lu a te d  on th e  b a s i s  o f  a = 1.

The A rrh en iu s  p l o t  i s  shown in  F ig u re  ( 4 .2 ) .  Comparison of 

th e  v a lu e s  f o r  s p e c i f i c  r a t e  w i th  th o s e  a t  th e  c o r re sp o n d in g  te m p e ra tu re s  

i n  T ab les  ( 4 .1 ) ,  (4 .2 )  and (4 .3 )  i n d i c a t e s  t h a t  a n e g a t iv e  s a l t  e f f e c t  i s  

o p e r a t in g  ( c f .  r e f s .  66 , 68) .  This  i s  a l s o  i l l u s t r a t e d  by F ig u re  (4 .3 )  

i n  which R i s  p l o t t e d  a g a i n s t  a .

(2) E x p er im en ta l  d a ta  o b ta in e d  by Fend le r^^^^  and G i lb e r t ^ ^ ^ ^ ,  

were combined w i th  th o se  o f  th e  a u th o r  in  an a t te m p t  to  e v a l u a t e  r e a s o n a b ly  

r e l i a b l y  th e  e q u i l ib r iu m  c o n s ta n t  K, f o r  th e  fo rm a t io n  o f  th e  M eisenheim er 

complex, a t  v a r io u s  te m p e ra tu re s .

F e n d l e r ' s  data^^^^  f o r  K a t  v a r io u s  te m p e ra tu re s  were o b ta in e d  

from measurement o f  o p t i c a l  d e n s i t i e s  a t  e q u i l ib r iu m ,  and the  agreem ent 

between th e  i n d i v id u a l  v a lu e s  he q u o te s  i s  c o n s id e r a b ly  b e t t e r  th a n  t h a t  

o b ta in e d  by G i l b e r t o r  th e  a u t h o r ,  from v a lu e s  o f  and i n  th e  

k i n e t i c  p l o t s .  G i l b e r t a l s o  a r r i v e d  a t  th e  h e a t  o f  fo rm a t io n  o f  th e  

complex by t h r e e  d i f f e r e n t  ap p ro ach es .

(a) That o b ta in e d  by th e  I s o c h o re  from a p l o t  o f  lo g  K a g a i n s t  

Y gave a v a lu e  of - 1 1 .5  -  2 .3  K .C al.  mol

(b) D i r e c t  c a lo r im e t r y  d e te rm in a t io n s  gave v a lu e s  o f  - 6 .1  and 
-1

- 9 . 8  K .C al.m ol

(c) The d i f f e r e n c e  in  h i s  v a lu e s  f o r  th e  a c t i v a t i o n  e n e rg ie s  o f

th e  fo rm a t io n  and decom position  o f  th e  M eisenheim er complex was - 9 .9 8  K.Cal. 
-1

mol
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A ll  t h r e e  of G i l b e r t ’ s v a lu e s  a r e  s u b j e c t  to  a g r e a t  d e a l  

o f  u n c e r t a in t y  and i t  would be d i f f i c u l t ,  o r  im p o ss ib le  from h i s  work 

to  quo te  h v a lu e  f o r  AH w i th  any c o n f id e n c e .  However, a l l  o f  h i s  v a lu e s  

a r e  a p p re c ia b ly  h ig h e r  th a n  th e  v a lu e  (AH -  - 2 .7  i l . 6) d e te rm in ed  by 

Fendle r^^^^  from th e  i s o c h o re  p l o t  o f  h i s  e q u i l ib r iu m  c o n s t a n t s ;  

fu r th e rm o re ,  p l o t t i n g  o u t  F e n d le r ’ s d a t a  a t  th e  t h r e e  te m p e ra tu re s  make 

i t  a p p a re n t  t h a t  h i s  r e s u l t  to o  i s  s u b je c t  to  c o n s id e r a b le  u n c e r t a i n t y .

I t  i s  r e a s o n a b le  to  conclude  t h a t  F e n d le r ’s te m p e ra tu re  c o e f f i c i e n t  o f  

log K p ro b ab ly  u n d e re s t im a te s  th e  r e a l  v a lu e .

Mean v a lu e s  f o r  K a t  v a r io u s  te m p e ra tu re s  o b ta in e d  by F e n d le r ,  

G i l b e r t  and th e  p r e s e n t  a u th o r  a re  p l o t t e d  in  F ig u re  ( 4 . 5 ) ,  and th e  l i n e  

drawn i s  as good an "av e ra g e "  as  cou ld  re a s o n a b ly  be made. From t h i s  

l i n e  v a lu e s  o f  K a t  v a r io u s  te m p e ra tu re s  were r e a d  o f f ,  and a r e  l i s t e d  

below; th e s e  v a lu e s  were u sed  to  c a l c u l a t e  a .

-1Temp. (OÇ) e q u i l i b r i u m  c o n s t a n t ,  K(& mol )

9 .0  325

14.0  285

2 1 .0  240

(2) DIMETHYL SULPHOXIDE AS SOLVENT

(a) 1-methoxy 2 , 4 - d in i t r o n a p h th a le n e

As w i th  m ethanol as s o lv e n t  th e  k i n e t i c  p a t t e r n  o f  th e  

r e a c t i o n  o f  t h i s  compound w i th  m ethoxide io n s  was o f  th e  type  d e s c r ib e d  

on page ( 7 ) ,  F ig u re  ( 1 .2 ) .  However i t  was n o te d  t h a t  when fo rm a t io n  

of M eisenheim er complex was com plete  as ev idenced  f o r  t h e  v a lu e  o f  

S
—  approach  0 . 5 ,  th e  r a t e  of exchange seemed to  be zero  o v e r  up t o  10 days 

i

or more. The d a t a  p r e s e n te d  h e re  (T a b le s ( 4 . 5 ) ,  ( 4 . 7 ) ,  (4 .8 )  and ( 4 .9 ) )  a r e ,  

t h e r e f o r e ,  s im ply  the  c o u n t - r a t e  measured a t  v a r io u s  tim es  d u r in g  th e  

cou rse  o f  each  ex p e r im en t .  In  a l l  c a s e s ,  t h i s  c o n s ta n t  v a lu e  f o r  th e



-  42 -

coun t r a t e  was f a r  from th e  v a lu e  a t  i s o t o p i c  e q u i l ib r iu m  c a l c u l a t e d  

from th e  c o n c e n t r a t i o n  o f  m e th a n o l ,  m ethox ide  and 1-methoxy 2 , 4 - d i n i t r o -  

n a p h th a le n e .

However, whenever th e  c o n c e n t r a t i o n  o f  m ethoxide io n s  was 

i n s u f f i c i e n t  to  re n d e r  a l l  th e  1-methoxy 2 , 4 - d in i t r o n a p h th a l e n e  i n t o  th e
3

form of M eisenheim er complex, as ev id en ced  by th e  v a lu e  of ~  b e in g  

g r e a t e r  th a n  0 . 5 ,  r e a c t i o n  d id  ta k e  p la c e  though c o m p a ra t iv e ly  s lo w ly  

and in  DMSO as s o lv e n t ,  i n  th e  absence  o f  m ethano l th e  coun t r a t e  of 

sam ples d e c re a se d  w i th  time to  below th e  v a lu e  c a l c u l a t e d  f o r  i s o t o p i c  

e q u i l ib r iu m ;  th e  k i n e t i c  p l o t  based  on e q u a t io n  (3 .5 )  was n o t  l i n e a r .

Also i t  was n o t i c e d  t h a t ,  when th e  v a lu e  o f  S . was b e in g  d e te rm in e d  by 

c o u n t in g  samples o f  1-m ethoxy, 2 , 4 - d in i t r o n a p h th a l e n e  i n  DMSO o n ly ,  and 

in  th e  absence  of  m ethoxide io n s ,  th e  s o l u t i o n  g r a d u a l ly  deve loped  a 

ye l lo w  c o lo u r  and t h a t  t h e r e  was sm all  d e c re a s e  in  coun t r a t e  o f  a  sample 

over  a p e r io d  o f  75 hou rs  ( s e e  T ab le  4 . 8 ) .  No r a t e  was e v a lu a te d  from 

th e  d a t a .

The b eh av io u r  i n  DMSO s o l u t i o n  was s i m i l a r  when a l i t t l e  

m ethanol was added, t h a t  i s ,  when s u f f i c i e n t  m ethox ide ions  were p r e s e n t  to  

r e n d e r  th e  1-methoxy 2 , 4 - d in i t r o n a p h th a l e n e  i n t o  th e  form o f  M eisenheim er 

complex, no f u r t h e r  lo s s  o f  carbon  -  14 a c t i v i t y  from th e  sample was n o ted  

(se e  T ab les  (4 .9 )  and (4.10)), b u t  when 1-m ethoxy , 2 , 4 - d i n i t r o n a p h th a l e n e  t/as 

p r e s e n t  as w e l l  as M eisenheim er complex, th e  carbon  -  14 a c t i v i t y  of samples 

from th e  r e a c t i o n  m ix tu re  d e c re a se d  w ith  t im es  (see  Tables 4 .7  and 4 .1 1 ) .

(b) P - n i t r o a n i s o l e

P - n i t r o a n i s o l e  was s tu d ie d  i n  DMSO as s o lv e n t  w i th  a l im i t e d  

amount o f  m ethanol o r  m e th a n o l-o -d  (0.3%) added.

E q u a t io n  (3 .5 )  was used  to  e v a lu a te  th e  r a t e  R, th e  v a lu e s  of 

y , y^ and y^  b e in g  r e p r e s e n te d  by th e  c o r re sp o n d in g  count r a t e s  S, and S^,
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The k i n e t i c  p l o t s  o b ta in e d  were o f  th e  type  d e s c r ib e d  on page (7) and

F ig u re  ( 1 .1 ) ;  S was found to  c o in c id e  w i th  S . .  S was th e  countO 1 00
r a t e  o f  samples when th e  r e a c t i o n  had  reac h ed  e q u i l i b r i u m .  A t y p i c a l

k i n e t i c  p l o t  i s  g iv e n  i n  F ig u re  ( 4 .6 ) .

The o rd e rs  o f  r e a c t i o n  in  m ethox ide  io n s  and p - n i t r o a n i s o l e

were de te rm ined  from th e  e q u a t io n

R = K ^ArOCHgjy jcHgON^ ^

by m easuring  R a t  d i f f e r e n t  c o n c e n t r a t i o n  o f  r e a g e n t s .  K in e t i c  r e s u l t s

a r e  p r e s e n te d  in  T ab le  ( 4 .1 2 ) ,  and th e  e v a l u a t i o n  o f  o rd e r  of r e a c t io n

fo l lo w s  th e s e  r e s u l t s  on page (5 6 ) .

(c) 1 -C h lo ro , 2 , 4 - d i n i  t r o n a p h th a le h e

The exchange r e a c t i o n  o f  t h i s  compound w i th  l a b e l l e d

c h l o r i d e  io n s  was s tu d ie d  in  DMSO. D uring  th e  co u rse  of th e  r e a c t i o n

th e  r a d i o a c t i v i t y  p r o g r e s s i v e l y  ap p ea red  i n  t h e  a ro m a tic  compound.

The r a t e  o f  r e a c t i o n ,  R, was e v a lu a te d  by means o f  e q u a t io n  (3 .4 )

(Page 3 6 ) .  The q u a n t i t y  (x -  x^) a n d (x ^ -  x^) b e in g  r e p r e s e n te d  by th e

Sc o u n t - r a t e s  S and S^ r e s p e c t i v e l y .  A p l o t  o f  lo g  (1 -  — ) a g a i n s t  time 

was l i n e a r ;  a t y p i c a l  example i s  shown in  F ig u re  ( 4 .7 ) .  E x p er im en ta l  

d a t a  a r e  p r e s e n te d  in  T ab le  ( 4 .1 4 ) .

RECOVERY OF PRODUCTS

A f te r  sam pling f o r  k i n e t i c  m easurem ents i n  a t y p i c a l  run  th e  

rem a inder  o f  th e  r e a c t i o n  m ix tu re  was e x t r a c t e d  w i th  to lu e n e /0 .2 N  

h y d r o c h lo r i c  a c id  m ix tu r e ,  s e p a r a t e d ,  and th e  to lu e n e  l a y e r  washed w i th  

d e - io n i s e d  w a te r .  I t  was then  e v a p o r a t e d , th e  m e l t i n g  p o i n t  of th e  

r e s id u e  was tak en  and compared w ith  t h a t  o f  th e  o r i g i n a l  n i t r o a r o m a t i c  

compound. The r e s id u e  was then  r e - c r y s t a l l i s e d  from m e th an o l ,  and a 

m e l t in g  p o in t  and a l s o  a mixed m e l t in g  p o i n t ,  w i th  th e  o r i g i n a l  n i t r o  

a ro m a tic  compound, were ta k e n .
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The a b s o r p t io n  spec trum  o f  th e  sample was taken  and 

compared w ith  t h a t  o f  th e  o r i g i n a l  n i t r o a r o m a t i c  compound.

A sample o f  th e  c r y s t a l  was a l s o  d i s s o lv e d  in  m ethano l o r  

DMSO and i t s  r a d i o a c t i v i t y  measured on a l i q u i d  s c i n t i l l a t i o n  c o u n te r .

E x p e r im en ta l  d a ta  a r e  summarised in  T ab les  (4 .1 6 )  and (4 .1 7 ) .

In  th e  c a se  o f  th e  r e a c t i o n s  in v o lv in g  1 - c h l o r o , 2 , 4 - d i n i t r o 

n a p h th a le n e  and sodium c h l o r i d e ,  samples were ta k en  a t  v a r io u s  tim es 

s e p a r a te d  and d r i e d  as  d e s c r ib e d  above, and m e l t in g  p o in t s  w ere measured 

w i th o u t  r e c r y s t a l l i s a t i o n .  Only th e  sample tak en  w i th i n  10 m inu tes  

gave th e  m e l t in g  p o in t  o f  th e  o r i g i n a l  1- c h lo r o  2 , 4 - d in i t r o n a p h th a le n e  

(1 4 7 .0 ^ 0 ) ;  th e  m e l t in g  p o in t s  o f  th e  o th e r  samples were found to  

d e c re a s e  as th e  tim e o f  th e  r e a c t i o n  in c r e a s e d .  The r e a c t i o n  s o l u t i o n  

developed  a y e l lo w  c o lo u r  a f t e r  abou t h a l f  an hour and th e  c o lo u r  

in c r e a s e d  w ith  tim e d u r in g  th e  co u rse  o f  th e  r e a c t i o n .

E x p e r im en ta l  d a t a  a re  summarised i n  T ab le  ( 4 .1 8 ) .

I t  i s  a p p a re n t  t h a t  th e  cases  o f  1-m ethoxy, 2 , 4 - d in i t r o n a p h th a l e n e  

and p - n i t r o a n i s o l e  the  r e a c t i o n  w ith  sodium m ethoxide were i s o t o p i c  

exchange r e a c t i o n s  b u t  w i th  1- c h l o r o , 2 , 4 - d in i t r o n a p h th a l e n e  o th e r  r e a c t i o n s  

accompanied th e  i s o t o p i c  c h l o r i n e  exchange.



CHAPTER IV

RESULTS
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Table (4 .5 ) :
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D ata  from T ab les  ( 4 . 1 ) ,  (4 .2 )  and (4 .3 )  f o r  

A rrh en iu s  p l o t  f o r  th e  r e a c t i o n  of  1-methoxy 

2 , 4 - d in i t r o n a p h th a l e n e  and Sodium M ethoxide 

in  M eth an o lic  S o lu t io n s

CĤ OH o r  CHgOD T(°C) 10^ (k 1) 
T k(mean) lo g  k

CH^OH 9 3.546 3 .12 4 .5011

It 14 3 .484 5 .25 4.7218

II 21 3.401 11.39 3.0799

CH^OD 9 3.546 1.98 4.2967

II 14 3.484 3 .53 4.5514

II 21 3.401 7.55 4.8778

T able  (4 .6 ) S p e c i f i c  r a t e  r a t i o s  f o r  th e  r e a c t i o n  betw een 

1 -m ethoxy ,2 , 4 - d in i t r o n a p h th a l e n e  and Sodium 

M ethoxide i n  M ethanol and M ethano l-o -d  a t  

v a r io u s  T em peratu res

D ata c o l l e c t e d  from T ab les  ( 4 .1 ) ,  (4 .2 )  and (4 .3 )

T(°C) 10 Kjj (mean)
V

lO^Kj^ (mean) ~

9

14

21

3.12

5 .25

11.83

1.98

3.53

7.55

1 .60

1 .4 8

1.59
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Table (4 .7 ) D ata  f o r  ru n  39 -  1-m ethoxy. 2 , 4 - d in i t r o n a p h th a l e n e  

and Sodium M ethoxide

C. = 0.0075M, = 0.0008M. (C^ < C. )Ar M M Ar

S o lv e n t ;  DMSO, T = 25 .0  C

Sample No. Time 

h r .  m in.

S (co u n ts /1 0 0  s e c . )

1 0 32 .5 26072

2 4 53 .0 24058

3 20 5 7 .0 20714

4 31 .4 20034

5 68.53 18900

7 75 .8 17652

S^ = 26390

s y  = 0 .9 5  
S i

= 27704 S = 25086

Table  (4 .8 )  ; 1-M ethoxy,2 , 4 - d in i t r o n a p h th a l e n e  i n  DMSO,

S o lv o ly s i s  r e a c t i o n

C. = 0.0075M Ar

Sample No. Time 

h r .  min.

S (C./lOO s e c . )

1 3 27704

2 30 25509

3 60 — 23413

4 75 22266



Table  (4 .9 )  :
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D ata  f o r  Run 40 -  1 -m ethoxy ,2 , 4 - d in i t r o n a p h th a l e n e

p lu s  sodium m ethoxide

^Ar = 0.0077M ; = 0.0104M ; T = 25°C 

S o lv e n t  : DMSO/CH^OH (9 9 :1 ;  by volume)

Sample No. Time

d .  h r .

S (co u n ts /1 0 0  s e c s . )

1 0 .2 14166

2 0 .4 14336

3 2.0 13802

4 -  17 .4 13133

5 -  56 .2 13468

6 -  76.2 13524

7 4 20.0 13173

8 10 16 .6 14224

S = o

®“ / S i  '

14200 ; S i = 28809 ; S 

= 0 .493

= 836
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Table (4.10) : Data for  Run 41 -  1-methoxy,2 ,4-dinitronaphthalene

p lu s  sodium m ethoxide

'
"Ar = 0 . 0079M ; = 0.063M

S o lv e n t : DMSO, CH^OH (96 :4 ) ; T = 25°C

Sample No. Time . S

h r . m in.

1 0 11.66 15045

2 1 15.75 14158

3 1 37 .50 14708

4 2 16.16 15140

5 7 10.16 14783

6 24 18.0 14354

7 70 33.66 14416

8 78 22.75 14992

So = 15092 ; Si = 32074 ; S^ = 247

Sb/S ‘= 0 .4 6 ■
1
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Table (4 .11) ; Data for Run 42 -  1-methoxy, 2 , 4-dinitronaphthalene

p lu s  sodium m ethoxide

C. = 0.0211M ( e x c e s s ) ;  C., = 0.0104M Ar M

S o lv e n t :  DMSO, CH^OH (9 9 :1 )

Sample No. Time

h r • m in.

1 4 8 .5 38627

2 3 43 .0 36281

3 5 9 .0 35584

4 8 29 .0 33921

5 21 21.0 31863

6 28 4 3 .0 28973

7 47 47 .0 27686

39540 ; S i = 50779, S«= 3847

So/s. = 0-77
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Table (4.13) : Data from table4*12for c a lcu la t io n  of the order

o f  th e  r e a c t i o n  betw een P - n i t r o a n i s o l e  and 

Sodium M ethoxide a t  2Q.2^C i n  DMSO, to  which 

0.3% (by volume) o f  m ethanol o r  m e th a n o l-o -d  

was added

Run No. CHgOH o r  CHgOD "Ar "m
lo g  R

62 CH OD 
3

3.6712 3.6946 6 .2214

63 CH^OH II 3.7050 6.2718

64 CHgOD 3.4713 3.6946 5.9777

65 CHgOH 3.4713 3.7050 5.0124

66 CHgOD 3.4669 3.4487 6.5011

67 CH^OH II II 6 .51053
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The k i n e t i c s  o f  th e  r e a c t i o n  were c a l c u l a t e d  as fo l lo w s

( th e  c o n c e n t r a t i o n  o f  m e thanol i s  c o n s ta n t  
^  ^ th ro u g h o u t ,  and m ethanol does n o t , t h e r e f o r e ,

M Ar ap p ea r  as  a v a r i a b l e  i n  th e  k i n e t i c  e q u a t io n ,

th e n ,  log  R = lo g  k + x log  + y log

lo g ^62 = 5 .2214 = log  k + 3.6946 X + 3.6712y

log ^63 = 5 .2718 = log  k + 3.7050 X + 3.6712y

lo g ^64 = 6.9777 = lo g  k + 3.6946 X + 3.4713y

log 65 = 5 .0124 = lo g  k + 3.7050 X + 3.4713y

lo g 66 = 6.5011 = lo g  k + 3.4487 X + 3.4669y

log 67 = 6.5105 = log  k + 3.4487 X + 3.4669y

to  d e te rm in e  th e  v a lu e  o f  x ,  t h e r e f o r e ;

log  R^^-logR^y = 0 .5019  = 0 .2563  x

X = 1 .96

and lo g  Rg^-log  R^^ = 0 .4766  = 0 .2459  x

X = 1 .94

S im i la r l y  y may be e v a lu a te d ;

lo g  R^2~log  = 0 .2437  = 0 .1999y

y = 1.2

and lo g  R ^g-log  R^^ = 0 .2594  = 0 .1999y

y = 1 .3

Thus th e  r e a c t i o n  appea red  to  be f i r s t  o rd e r  i n  p - n i t r o a n i s o l e  and

second o rd e r  i n  m ethoxide io n s .
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(4.14)
Table (4.15) : Data from table^for graphical determination

o f  th e  o rd e r  o f  th e  r e a c t i o n  betw een l - c h l o r o ,2 , 4 -  

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

Run No. log  R ^Ar S a C l

69 7.4918 3.8751 2.0253

70 7.6231 2.0 II

71 7.3201 3.6990 II

.

72 7.2420 3.699 3.9004

73 7.1212 II 3 .7243

74 7.5945 3.9204 3.0253

75 II II II

76 7.5580 II II

These d a t a a r e  p l o t t e d  i n F ig u re s  (4 .8 )  and (4 .9 )  and th e  o r d e r  o f

r e a c t i o n  d e r iv e d  from th e  s lo p e  o f  th e  p l o t s  a r e :  

i n  a ro m a tic  compound ; 1.0  

i n  c h l o r i d e  io n s  ; 0 .7
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Table (4.16)

1-m ethoxy , 2 , 4 - d in i t r o n a p h th a l e n e  and

m ethoxide io n s  i n  m ethano l

M elt in g  p o in t  o f  o r i g i n a l  compound 98.5°C

M elt ing  p o in t  o f  r e s id u e  rem a in ing  a f t e r  
e v a p o ra t io n  o f  to lu e n e  e x t r a c t 98 .0

M elt in g  p o in t  of r e s id u e  a f t e r  
r e c r y s t a l l i s a t i o n 98 .5

Mixed M elt in g  p o in t  o f  c r y s t a l s  w i th  
o r i g i n a l  compound 98 .5

C o u n t- r a t e  p e r  mg o f  c r y s t a l s 137 co u n ts /1 0 0 s e c s .

C o u n t- r a te  p e r  mg o f  o r i g i n a l  compound 18336 c o u n ts /1 0 0 s e c s .

A b so rp t io n  spectrum F ig u re  4 .10

Table  (4 .1 7 )  : Recovery o f  p ro d u c ts  -  R e a c t io n  betw een

p - n i t r o a n i s o l e  and m ethoxide io n s  i n  DMSO

M elt in g  p o in t  o f  o r i g i n a l  compound 53.5°C

M elt in g  p o in t  of r e s id u e  rem a in ing  a f t e r  
e v a p o ra t io n  o f  to lu e n e  e x t r a c t 53.3°C

M e lt in g  p o in t  o f  r é s id u s  a f t e r  
r e c r y s t a l i s a t i o n 53.5°C

Mixed M e lt in g  p o in t  o f  c r y s t a l s  w i th  
o r i g i n a l  compound 53.5°C

C o u n t - r a t e  p e r  mg o f  c r y s t a l s 335 c o u n t s / 100 s e c s .

C o u n t- r a te  p e r  mg o f o r i g i n a l  compound 4108 c o u n t s / 100 s e c s .

A b so rp t io n  spectrum F ig u re  (4 .1 4 )
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T able  (4 .18 ) Recovery o f  p ro d u c t  -  R e a c t io n  betw een 

1- c h l o r o , 2 , 4 - d in i t r o n a p h th a l e n e  and 

c h l o r i d e  io n s  i n  DMSO

Time o f  Sampling M e lt in g  p o in t  o f  
r e s id u e  rem ain ing  
a f t e r  e v a p o ra t io n  
o f  to lu e n e  e x t r a c t

C o u n ts /100 sec s  
p e r  mg

0 147.0 N i l

10 m inu tes 147.0 397

7 hours 145.0 7873

2 days 139.0 11251 ( a t  e q u i l i 
brium)

M e lt in g  p o in t  o f  o r i g i n a l  compound 147 .0°C
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î ’igure 4.2: Reaction of 1-methoxy 2 , 4-dinitronaphthalene and

1.0 methoxide ions (excess) in  methanol -  A rrhenius p lo t

0 .7

0.6

s lope  = 3.844 x 10

E = 17.59 K c a l .  mol0 .5

(73.6 KJmol )

60O
rH

+

s lope  = 3 .78 X 10

E = 17.29 K Cal. mol

(72.34 KJmol )

A s o lv e n t  methanol
0 . 0

0 Solvent, m ethanol-o-d

3.523.503.483.443.42



Figure  4 .3  H e te ro ly s i s  o f  1-methoxy 2 , 4 -d in i t r o n a p h th a le n e

in  methanol and in  m e th an o l-o -d .  A rrhen ius  p l o t

1 . 0

0 .9

0 . 8

s lo p e  = 3 .87 X 10

-1E = 17.70 K c a l  mol

(74 .06  KJmol )

0 . 6
§
I

s lo p e  = 3 .9  X 10

E = 17.84 K c a l  mol+

(74.64 KJmol )
0 .4

0 .3
s o lv e n t  c o n ta in in g  m e thano l-o -d

s o lv e n t  c o n ta in in g  methanol

0 . 2

0 . 1

0.0
3.54 3 .553.44 3.46 3.48 3.50 3.523.423.4

10^ -1



Figure 4 .4: H etero lysis  of 1-methoxy, 2-4-dinitronaphthalene

(14.0°C)
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F ig u re  4 .6  K in e t ic  p l o t  o f  th e  r e a c t i o n  between p - n i t r o a n i s o l e  

and m ethoxide io n s  i n  DMSO p lu s  0.3% (by volume) m e th an o l-o -d

a t  20 .2  C (ru n  62)

0 .469  X 10“ ^  

0 .495  X  l o ' ^ M  

0 .9 8  X 10 ^min

p - n i t r o a n i s o l e .  

Sodium m ethoxide 

S lo p e ,

3 .5

3 .4

3 .2

3 .0

Y
4-1

iÜ

2 .3  '

2 . 0

15 20 25 30 35 40 45 50 55 60 65 70 755 10

m inu tes



F ig u re  4 .7  K in e t i c  P l o t  o f  th e  r e a c t i o n  between

1 - c h l o r o , 2 , 4 - d in i t r o n a p h th a le n e  and c h l o r i d e  io n s  in  

DMSO a t  20.0°C (run 75)

xl X
I

+
CM

2 . 0
- 2,1 -c h lo ro  2 , 4 - d in i t r o n a p h th a l e n e ;  

Sodium c h l o r i d e  ; - 1

1 .9
-1s lo p e ; 0 .1305  h r

1 . 8

1.7

1.6

.5

.4

.3

.2
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1 . 0
1 0



Figure 4 .8  Reaction o f 1-chloro 2 , 4-dinitronaphthalene

and chloride ions (20°C).
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Figure 4.9: Reaction of 1-chloro 2 , 4-dinitronaphthalene

and chloride ions (20°C)
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ABSORPTION SPECTRA

F ig u re s  (4 .10 )  to  (4 .3 3 )  show v a r io u s  a b s o r p t io n  s p e c t r a .  

The p r e p a r a t i o n  o f  samples was c a r r i e d  o u t  as d e s c r ib e d  on page 34. 

Measurements were c a r r i e d  o u t  as fo l lo w s :

s p e c tro p h o to m e te r  = Unicam SP700A

c e l l  = S i l i c a ,  10 m.'m.

Measurements were made a t  room te m p e ra tu re .
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Figure 4.13 1-methoxy 2 , 4 -d in itronaph tha lene  in  DMSO 

(sample taken 21-days a f t e r  being d isso lved)
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Figure 4.14 Recovery of product -  sample of res idue  of toluene 

e x t r a c t  from reac t io n  mixture of run 65 between 

p -n i t ro a n is o le  and methoxide ions in  DMSO + 0.3% 

(by volume) methanol.
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Figure 4.15 p -n i t ro a n is o le  d isso lved  in  DMSO

p -n i t ro a n is o le ;  0.14 x 10 M in  DMSO Date: 27.10.70

n.m,
' d o  ^
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Figure 4.19.

p -n i t ro a n iso le  d isso lved  in  
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n i t ro a n is o le  d isso lved  in  methanolFigure 4.20
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Figure 4.21 p -n i t ro a n is o le  plue sodium methoxide in  methanol 

(Sample taken a f t e r  2 days)

p -n i t ro a n is o le ;  

sodium methoxide 

s i lu t io n  with methanol 100 times
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Figure 4.22 1-chloro 2,4-dinitronaphthanele dissolved in DMSO
(Sample taken 17 minutes a f t e r  d is so lu t io n )
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1-chloro 2 , 4 -d in i tronaph tha lene  d isso lved  in  DMSO 

(Sample taken 2.5 hours a f t e r  d is so lu t io n )

Figure 4.23

Sample concen tra tion

Date: 25.6.70
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Figure 4.24 1-chloro 2 ,4 -d in i tronaph tha lene  disso lved  in  DMSO 

(sample taken 45 hours a f t e r  d is s o lu t io n )
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Figure: 4.26 Reaction of 1-methoxy 2 , 4 -d in i t ro 

naphthalene (excess) and sodium 

methoxide in DMSO plus 1% methanol

(Sample taken a f te r  7 days)
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Figure: - 4.27: in Reaction of l-methoxy-2,4- 
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Figure 4.30. l - c h lo r o - 2 , 4 -d in i t ro

naphthalene d isso lved  in  DMSO

(sample was ex trac ted  between to luene

and water)

spectrum of water e x t ra c t
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Figure 4 .31. l - c h lo r o - 2 ,4 - d in i t r o

naphthalene d isso lved  in  DMSO

(sample was e x tra c ted  between toluene

and water)

spectrum of water e x t ra c t  a f t e r

a c id i f i c a t io n
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Figure 4.32. l - c h lo r o - 2 ,4

d in itronaph tha lene  d isso lved  in  DMSO

(sample was ex trac ted  between toluene

and water)
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Figure 4.33. l - c h lo r o - 2 ,4

d in i tro n ap h th a len e  d isso lved  in

toluene
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DISCUSSION

REACTIONS INVOLVING 1-METHOXY,2 , 4-DINITRONAPHTHALENE AND METHOXIDE IONS

S p e c i f i c  r a t e  c o n s ta n t s  f o r  th e  h e t e r o l y s i s  p ro c e s s  o f  th e

r e a c t i o n  o f  1-m ethoxy, 2 , 4 - d in i t r o n a p h th a l e n e  in  m ethanol and in

m e th an o l-o -d  as s o lv e n t  a r e  l i s t e d  in  T ab les  ( 4 .1 ) ,  ( 4 .2 ) ,  ( 4 .3 )  and

( 4 .4 ) .  Comparison o f  the  v a lu e s  a t  low er m ethoxide io n  c o n c e n t r a t i o n

w ith  th o se  a t  h ig h e r  c o n c e n t r a t i o n  T ab le  (4 .4 )  r e v e a l s  a d e c re a s e  in  th e

s p e c i f i c  r a t e  c o n s ta n t s  w i th  i n c r e a s in g  m ethoxide io n  c o n c e n t r a t i o n .

This  d e c re a se  o f  th e  h e t e r o l y s i s  s p e c i f i c  r a t e  c o n s ta n t  was ob se rv ed  by 

. (19)B ernasco n i f o r  the  r e a c t i o n  o f  2 , 4 - d i n i t r o a n i s o l e  and sodium m ethoxide

i n  m ethanol as s o lv e n t  and a t t r i b u t e d  to  a  s a l t  e f f e c t ,  a l th o u g h  io n -

p a i r i n g  e f f e c t  was n o t  e x c lu d e d .  In  th e  p r e s e n t  work th e  maximum

m ethoxide io n  c o n c e n t r a t i o n  used  was ab o u t 0.05M and io n  p a i r  fo rm a t io n

(77)i s  l i k e l y  to  be sm all  ; th e  e f f e c t  i s  p ro b a b ly  a s a l t  e f f e c t .  The 

e x i s t e n c e  o f  such  a s a l t  e f f e c t  i s  n o t  s u r p r i s i n g  f o r  s e v e r a l  a u th o rs  

( e .g .  K a tsa n o s^ ^ ^ ) ,  F e n d l e r , G i l b e r t , Ber nas c o n i e t c . )  have 

commented t h a t  such an e f f e c t  i s  p r e s e n t .  B ernasc o n i ' s d a t a  showed

p o s i t i v e  s a l t  e f f e c t  f o r  th e  fo rm a t io n  o f  th e  complex and n e g a t iv e  s a l t  

e f f e c t  f o r  i t s  d eco m p o si t io n .  No s y s t e m a t i c  experim en ts  w ere c a r r i e d  

o u t  in  t h i s  t h e s i s  to  t r y  to  a s c e r t a i n  th e  o r i g i n  of th e  s a l t  e f f e c t s ,  

b u t  from th e  d a t a  p r e s e n te d  (See a l s o  F ig u re s  4 .2  and 4 .3 )  i t  seems t h a t  

th e  m a jo r i t y  o f  th e  e f f e c t  i s  p ro b ab ly  c o n ta in e d  in  th e  lo g  A te rm  o f  

th e  A rrh en iu s  e q u a t io n .  Whatever th e  e x p l a n a t i o n ,  th e  e f f e c t  i s  a 

sm a l l  one o ver  th e  range  o f  c o n c e n t r a t i o n  s tu d ie d  h e r e ,  and l i t t l e  

a t t e n t i o n  was, i n  f a c t ,  p a id  to  i t ,  e x ce p t  t h a t  an e x c e s s iv e ly  h ig h  

c o n c e n t r a t i o n  o f  m ethoxide io n s  was avo ided  in  th e  e x p e r im en ts  i n  o rd e r  

to  m inim ise  o r ,  o p t i m i s t i c a l l y ,  e l im in a te  s a l t  e f f e c t s  from th e  

e x p e r im e n ta l  d a t a .
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Comparison o f  d a ta  o b ta in e d  in  m ethano l w i th  th o s e  o b ta in e d  

in  m e th an o l-o -d  a t  th e  c o r re sp o n d in g  te m p e ra tu re s  i n d i c a t e s  a k i n e t i c  

i s o to p e  e f f e c t  amounting to  a r a t i o  ^  = 1 .5  to  1 .6 ,  and a l i t t l e

l e s s  (about 1 .4 )  a t  h ig h e r  m ethoxide io n  c o n c e n t r a t i o n s .  A rrh e n iu s  

p l o t s  were c o n s t r u c te d  f o r  th e  s p e c i f i c  r a t e  c o n s ta n t  o f  th e  r e a c t i o n  

in  m ethanol and in  m e th a n o l-o -d ,  g iv in g  r i s e  to  a p p ro x im a te ly  e q u a l  

s lo p e s  and in  t u r n  to  ap p ro x im a te ly  eq u a l  v a lu e s  f o r  th e  a c t i v a t i o n  

energy  f o r  th e  d ecom posi t ion  o f  th e  complex.
(19)

B ernascon i a l s o  r e p o r te d  an i s o to p e  e f f e c t  r a t i o  o f

kg
about :— " 1 .4  f o r  th e  r e a c t i o n  between 2 , 4 - d i n i t r o a n i s o l e  and sodium

m ethoxide i n  m ethanol and m e th a n o l-o -d ;  he used  a te m p e ra tu re  jump 

te c h n iq u e  and a b s o r p t i o m e t r i c  m easurem ents.

I t  i s  o f  v a lu e  to  t r y  to  d e te rm in e  w hether t h i s  k i n e t i c  i s o to p e  

e f f e c t  Tj— ~ 1 .5  i s  due to  a p r im ary  o r  secondary  ( s o lv e n t )  i s o to p e  

e f f e c t .

A p rim ary  i s o to p e  e f f e c t  i s  caused  by th e  re p la c e m e n t ,  i n  

t h i s  c a s e ,  o f  a hydrogen atom in v o lv ed  in  a hydrogen t r a n s f e r  r e a c t i o n  

by d eu te r iu m ; th e  e f f e c t  thus  produced  i s  g e n e r a l ly  re g a rd e d  as due 

to  th e  d i f f e r e n c e  in  z e r o - p o i n t  s t r e t c h i n g  f req u en cy  betw een th e  two 

i s o to p e s .  With d e u te r iu m  b e in g  abou t tw ice  as heavy as hydrogen  t h i s  

r e s u l t s  i n  a low er v i b r a t i o n a l  energy  l e v e l  and , in  t u r n ,  a  s lo w er  

v e l o c i t y  o f  p a s s a g e ,  d u r in g  r e a c t i o n ,  over  th e  p o t e n t i a l  energy  b a r r i e r .

The maximum v a lu e  f o r  a p r im ary  i s o to p e  e f f e c t ,  as p o in te d  o u t  by Bun to n  and 

S h in e r  i s  o b ta in e d  when th e  p o s i t i o n  of hydrogen in  th e  t r a n s i t i o n

s t a t e  i s  mid-way betw een th e  two atoms concerned  i . e .  when th e  hydrogen  

i s  bound e q u a l ly  s t r o n g ly  to  b o th  c e n t r e s .

A h y d ro g en /d e u te r iu m  i s o to p e  e f f e c t  may a l s o  be due to  a 

secondary  e f f e c t  on th e  r e a c t i o n  r a t e ,  consequen t upon th e  s u b s t i t u t i o n  

o f  a d eu te r iu m  atom f o r  a hydrogen  t h a t  i s  n o t  b e in g  t r a n s f e r r e d  in  th e
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r a t e - d e t e r m in in g  s t e p .  Such a seco n d ary  i s o to p e  e f f e c t  i s  t h a t  caused 

by a change o f  s o lv e n t  from m ethanol to  m e th a n o l-o -d .  Bunton and S h in e r  

gave a method f o r  c a l c u l a t i o n  o f  a s o lv e n t  i s o to p e  e f f e c t  on th e  e q u i l ib r iu m  

c o n s ta n t  as w e l l  as on th e  r a t e  c o n s ta n t  f o r  v a r io u s  ty p e s  o f  r e a c t i o n s  

i n  H^O and in  term s of hydrogen  bond ing  i n t e r a c t i o n  betw een s o lv e n t

and a c i d i c  o r  b a s i c  c e n t r e s  in  th e  r e a c t i n g  sy s tem s . T h e i r  t r e a tm e n t  

i s  based  upon.

1. The e f f e c t s  a r e  due to  d i f f e r e n c e  o f  z e r o - p o i n t  energy  changes

between th e  i n i t i a l  and th e  f i n a l  s t a t e  i n  c a se  o f  th e  

e q u i l i b r i u m  i s o to p e  e f f e c t  and betw een th e  i n i t i a l  and th e  

t r a n s i t i o n  s t a t e  f o r  th e  k i n e t i c  i s o to p e  e f f e c t .

2. A l l  v i b r a t i o n  changes f o r  i s o t o p i c a l l y  s u b s t i t u t e d  hydrogens

i n  th e  r e a c t a n t s ,  p ro d u c ts  and th o s e  o f  s o lv e n t  m o lecu le s  

bonded to  them must be tak en  i n t o  a c c o u n t .

3. The s t r e t c h i n g  v i b r a t i o n  freq u en cy  of hydrogen dona ted  to

w a te r  v a r i e s  l i n e a r l y  w i th  PK^ o f  th e  donor and w i th  PK^ o f 

th e  a c c e p to r  f o r  hydrogen  d o n a ted  from w a te r  to  th e  oxygen 

atom o f  th e  a c c e p to r .

4. The changes due to  l i b r a t i o n  and bend ing  e n e rg ie s  were

c o n s id e re d  i n s i g n i f i c a n t .

For c a l c u l a t i o n  o f  th e  k i n e t i c  i s o to p e  e f f e c t  th e  fo l lo w in g  

e q u a t io n  was used

k^ a n t i l o g  12.53T

-1where and Zv^ a r e  th e  sum o f  hydrogen  s t r e t c h i n g  (cm ) i n  th e

i n i t i a l  and t r a n s i t i o n  s t a t e s  r e s p e c t i v e l y  and T i s  th e  a b s o lu t e  

te m p e ra tu re .
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These a u th o rs  e s t im a te d  th e  s t r e t c h i n g  f r e q u e n c i e s  o f  th e  

hydrogens o f  w a te r  donated  to  oxygen b a se s  i n  aqueous s o l u t i o n  by 

u s in g  th e  e q u a t io n

vCcm” ^) = 3040 + 22 .9  

and f o r  th e  hydrogen  bonds d o n a ted  by a c id s  

v(cm"^) = 2937 + 2 8 .8  PK^

B e m a sc o n i  p o in te d  o u t  t h a t  i t  i s  d i f f i c u l t  to  c a l c u l a t e  

t h i s  k i n e t i c  i s o to p e  e f f e c t  f o r  s o l u t i o n s  i n  m ethanol and m e th a n o l-o -d  

by u s in g  Bunton and S h in e r  m odels ,  owing to  la c k  of in fo rm a t io n  a b o u t the  

d eg ree  o f  s o l v a t i o n  o f  th e  i n c i p i e n t  methoxy group in  th e  t r a n s i t i o n  

s t a t e  and th e  s t r e t c h i n g  f req u en cy  o f  th e  hydrogen bond in v o lv e d .

kg
However, he  c o n s id e re d  h i s  e x p e r im e n ta l  v a lu e  o f  ^  1 .4  f o r  k i n e t i c

is o to p e  e f f e c t  to  l i e  in  th e  ran g e  ex p ec ted  f o r  a s o lv e n t  i s o to p e  e f f e c t

and t h a t  h i s  v a lu e  d id  n o t  le a v e  any room f o r  an a p p r e c ia b le  p r im ary

is o to p e  e f f e c t .

We now have to  examine th e  d a t a  r e p o r te d  i n  t h i s  t h e s i s

(T ab les  ( 4 . 1 ) ,  ( 4 . 2 ) ,  (4 .3 )  and ( 4 .4 ) )  in  th e  l i g h t  o f  th e s e  d i s c u s s i o n s .

L e t  us assume, i n i t i a l l y ,  t h a t  th e  M eisenheim er complex formed from

1-m ethoxy, 2 , 4 - d in i t r o n a p h th a l e n e  and m ethoxide io n s  decomposes s im ply

by th e  bond from carbon  atom X, to  one o f  th e  two methoxy groups

c a r r i e d  t h e r e ,  e x te n d in g  th rough  a  t r a n s i t i o n  s t a t e ,  and u l t i m a t e l y
6-

OMo
b re a k in g  by an SN - l i k e  p ro c e s s OM

NO

( I )

NÜ2

NO

+ OM

M eisenheim er complex t r a n s i t i o n  s t a t e f i n a l  s t a t e

As the  methoxy group i n  th e  i n i t i a l  s t a t e  becomes an i n c i p i e n t  

m ethoxide i o n ,  n e g a t iv e  ch a rg e  w i l l  b e g in  to  c o n c e n t r a t e  on i t ,  and
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s o l v a t i o n  by th e  m ethano l o r  m e th an o l-o -d  may be ex p ec ted  to  in c r e a s e  

d u r in g  th e  fo rm a t io n  o f  th e  t r a n s i t i o n  s t a t e .  P r e d i c t i o n  of th e  

k i n e t i c  i s o to p e  e f f e c t  by u s in g  Bunton and S h i n e r ' s  method i s  

q u a l i t a t i v e ,  owing to  th e  la c k  o f  in fo rm a t io n  o f  th e  deg ree  o f  

s o l v a t i o n ,  b u t  a v a lu e  o f  th e  r a t i o  somewhat g r e a t e r  th an  u n i ty

may be e x p e c te d .  This p r e d i c t i o n  i s  in  l i n e  w i th  th e  ex p e r im e n ta l  

v a lu e  o f  about 1 .5 .

I t  i s  r e a s o n a b le  to  assume on t h i s  mechanism t h a t  an 

im p o r ta n t  r o l e  o f  th e  m ethano l o r  th e  m e th an o l-o -d  i s  to  s o lv a t e  th e  

i n c i p i e n t  m ethoxide io n  in  th e  t r a n s i t i o n  s t a t e  r a t h e r  th an  to  f u n c t io n  

as an a c id  c a t a l y s t  to  p ro v id e  a p ro to n  which would e n ab le  à methoxy 

group to  s p l i t  o f f  as a m o lecu le  o f  m ethano l which may be p o r t r a y e d

as fo l lo w s :

(II)

M, 6-
MgO OM̂

NOg _
+ OCHg + M̂ OH

i n i t i a l  s t a t e  t r a n s i t i o n  s t a t e  f i n a l  s t a t e

In  t h i s  mechanism ( I I )  a p r im ary  i s o to p e  e f f e c t  may be expec ted  

i f  th e  p ro to n  i s  i n  the  p ro c e s s  o f  b e in g  t r a n s f e r r e d  by th e  time the  

t r a n s i t i o n  s t a t e  i s  r e a c h e d .  However, c a u t io n  i s  n e c e s s a ry  h e r e ,  f o r  

i t  may p o s s ib ly  be t h a t  th e  p ro to n  has h a r d ly  begun to  t r a n s f e r ,  o r ,  

i s  a lm o s t  co m p le te ly  t r a n s f e r r e d  i n  th e  t r a n s i t i o n  s t a t e ,  in  which case  

on ly  a sm all  p r im ary  i s o to p e  e f f e c t  would be ex p e c te d .

U n f o r tu n a te ly ,  th e n ,  th e  observed  k i n e t i c  i s o to p e  e f f e c t  

r a t i o  of 1 .5  i s  n o t  co m p le te ly  d i a g n o s t i c  b u t  t h e r e  a p p e a r s ,  as 

B ern ascon i co n c lu d ed ,  to  be v e ry  l i t t l e  room f o r  an a p p r e c ia b le  p r im ary  

i s o to p e  e f f e c t .

When th e  r e a c t i o n  betw een 1 -m ethoxy ,2 , 4 - d in i t r o n a p h th a le n e  

was c a r r i e d  in  DMSO s o l u t i o n ,  in  th e  absence  o f  p re s e n c e  o f  m ethanol
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(T ab les  4 .7  to  4 .11) an im mediate p u r p le  c o lo u r  was observed  which 

changed w i th in  l e s s  th a n  a m inu te  to  a b ro w n ish - re d  c o l o u r ,  the  

speed  o f change from p u r p le  to  b ro w n ish - re d  in c re a s e d  as th e  

c o n c e n t r a t i o n  o f  sodium m ethoxide in c r e a s e d .  This  i s  p ro b a b ly  due 

to  i n i t i a l  complex fo rm a t io n  w ith  m ethoxide  io n  a t  carbon  atom 3 

fo llo w ed  r a p i d l y  by m ig r a t io n  o f  th e  methoxy group to  ca rb o n  atom 1 , 

as  su g g es ted  by S e rv is  ^^^^and Crampton and G o l d f r o m  t h e i r  N.M.R. 

s t u d i e s .

I t  i s  w o r th w h ile  commenting t h a t  th e  p re s e n c e  o f  m ethanol 

i s  n o t  n e c e s s a ry  f o r  th e  fo rm a t io n  o f  th e  M eisenheim er complex (Table 

4 .7 )  and a l s o  t h a t  carbon -14  presum ably  as  methoxy g roup , i s  l o s t  from th e  

o r i g i n a l  e t h e r  b o th  i n  th e  p re s e n c e  o r  absence  o f  m ethox ide  io n ,  (T ab les  

(4 .7 )  and ( 4 . 8 ) ) .  The e x p la n a t io n  of  th e  d a t a  seems to  be t h a t  

M eisenheim er complex forms r a p i d l y ,  in  th e  p re s e n c e  o f  m ethox ide io n ,  

and su b se q u en t lo s s  o f  ca rbon -14  from  th e  e t h e r  i s  due to  a n u c l e o p h i l i c  

a t t a c k  by th e  s o lv e n t  DMSO. Comparison of Table  (4 .7 )  and (4 .8 )  shows 

t h a t  th e  lo s s  o f  ca rbon-14  i s  more r a p id  in  th e  p re se n c e  o f  sodium 

m ethoxide th a n  in  i t s  ab se n c e ;  p e rh ap s  t h i s  i n d i c a t e s  a b a s e  c a t a l y s i s  

on w hateve r  r e a c t i o n  i s  p ro c e e d in g .  When th e  d a t a  embodied in  

T ab le  (4 .8 )  was b e in g  o b ta in e d ,  th e  fo rm a t io n  o f  c o lo u r  was s t i l l  observed  

even i n  th e  absence  o f  m ethox ide io n  (see  a l s o  F ig u re s  ( 4 .1 1 ) ,  (4 .12 )  

and (4 .1 3 )  which a r e  a b s o r p t io n  s p e c t r a  o f  1 -m ethoxy ,2 , 4 - d in i t r o n a p h th a l e n e  

d i s s o lv e d  in  DMSO a f t e r  v a r io u s  e la p s e d  t im es)  and i t  i s  r e a s o n a b le  to  

assume t h a t  a M eisenheim er type  o f  complex was s t i l l  b e in g  formed as a 

p r e l im in a r y  s te p  in  th e  lo s s  of ca rb o n -1 4 .  I f  b a s e - c a t a l y s i s  i s  p r e s e n t ,  

i t  may be a t  th e  fo rm a t io n  s t a g e  o f  t h i s  supposed M eisenheim er type  of 

complex.
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In  th e  p re s e n c e  o f  excess  m ethoxide io n  (m ethanol was a l s o  

p r e s e n t  to  en a b le  s u f f i c i e n t  c o n c e n t r a t i o n  o f  m ethoxide io n  to  be 

ach iev ed )  th e  d a t a  o f  T ab les  (4 .9 )  and (4 .1 0 )  i n d i c a t e  t h a t  a l l  th e  

e t h e r  i s  r a p id l y  c o n v e r te d  to  M eisenheim er complex, b u t  s u b s e q u e n t ly  

no carbon-14  i s  l o s t  from th e  complex in  s e v e r a l  days .  Thus, th e  

M eisenheim er complex does n o t  exchange i t s  carbon-14  l a b e l l e d  methoxy 

group w i th  m ethoxide io n s  and n o r  i s  th e  DMSO a b le  to  remove ca rbon -14  

from th e  complex.

The p re s e n c e  of ex cess  e t h e r  r a t h e r  th a n  m ethoxide io n s  

(Table  4 .11 )  i n  th e  p re s e n c e  o f  m ethanol g iv e s  a s i m i l a r  p i c t u r e  to  

t h a t  in  th e  absence  o f  m ethano l a l r e a d y  commented upon. The 

c o r re sp o n d in g  a b s o r p t io n  s p e c t r a  a l s o  i n d i c a t e  th e  c o n t r a s t  be tw een  

an ex ce ss  and d e f i c i e n c y  of m ethox ide io n s ;  w i th  ex ce ss  m ethox ide  io n s  

th e  s p e c t r a  (F igures  4 .27  and 4 .2 8 )  i n d i c a t e  l i t t l e  change th ro u g h o u t  

two d a y s ,  b u t  w i th  ex cess  e t h e r  (F ig u re s  (4 .2 5 )  and (4 .2 6 ) )  th e  i n i t i a l  

M eisenheim er fo rm a t io n  peak (510 n .m .)  o f  F ig u re  (4 .2 5 )  i s  swamped by 

th e  one form ing a t  s l i g h t l y  low er w ave leng th  (450 nm) i n  F ig u re  ( 4 .2 6 ) ,  

c o r re s p o n d in g  to  th e  peak  developed  i n  F ig u re  (4 .1 2 )  and (4 .1 3 )  w i th  

DMSO and 1-m ethoxy, 2 , 4 - d in i t r o n a p h th a l e n e .

Thus, th e r e  seems l i t t l e  room to  doubt t h a t  a s t a b l e  

"non-decom posing" M eisenheim er complex i s  formed r a p i d l y  betw een sodium 

m ethoxide and 1-m ethoxy, 2 , 4 - d i n i t r o n a p h th a l e n e  in  DMSO s o l u t i o n ,  i n  th e  

p re s e n c e  o r  absence  o f  a  sm a ll  amount o f  m e th an o l.  However DMSO, a g a in  

i n  th e  p re s e n c e  o r  absence  o f  sm a l l  amount o f  m e thano l i s  a b le  to  

remove ca rbon -14  from th e  l a b e l l e d  e t h e r ,  v i a  th e  fo rm a t io n  and ,  p resum ab ly ,  

su b se q u en t decom posi t ion  of a M eisenheim er type  complex.
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REACTIONS INVOLVING P-N ITROANISOLE AND METHOXIDE IONS

p - n i t r o a n i s o l e  and m ethoxide io n s  do n o t  form an a p p r e c ia b le

c o n c e n t r a t i o n  of M eisenheim er complex in  m ethano l s o l u t i o n ,  t h i s  i s

f l l )e v id e n t  from th e  k i n e t i c  s t u d i e s  o f  F e n d le r  which showed no methoxy 

exchange a t  r e f l u x i n g  te m p e ra tu r e ,  and a l s o  by comparing th e  a b s o r p t io n  

s p e c t r a  o f  F ig u re s  (4 .2 0 )  and (4 .2 1 ) .  The s i t u a t i o n  i n  DMSO s o lu t io n ,  

c o n t a in in g  0.3%, by volum e, m ethanol i s  d i f f e r e n t ,  how ever, and c l e a r  

ev id en ce  o f  a  sm a l l  b u t  a p p r e c ia b le  c o n c e n t r a t i o n  o f  M eisenheim er 

complex i s  shown by comparing F ig u re s  (4 .1 8 )  and ( 4 .1 6 ) ;  th e  peak due 

to  th e  complex appea rs  a t  440 nm in  th e  l a t t e r  f i g u r e .

In  c o n t r a s t  to  th e  b e h a v io u r  o f  1 -m e th o x y ,2 ,4 - d in i t r o n a p h th a n e le ,  

a s o l u t i o n  of p - n i t r o a n i s o l e  i n  DMSO i s  s t a b l e  and shows no s ig n  o f  

M eisenheim er complex fo rm a t io n  o r  of change in  a b s o r p t io n  sp ec tru m  over 

n e a r l y  a month (F ig u re s  (4 .1 8 )  and ( 4 .1 9 ) ) .  This  i s  confirm ed  a l s o  by 

th e  f a c t  t h a t  a t  20°C p - n i t r o a n i s o l e ,  w i th  i t s  methoxy group l a b e l l e d  

w i th  ca rb o n -1 4 ,  showed no s ig n  o f  lo s s  o f  r a d i o a c t i v e  atom o v er  more th a n  

a week in  DMSO s o l u t i o n .  Thus p - n i t r o a n i s o l e  p o s se s s  s u f f i c i e n t  

a c t i v a t i o n  to  a l low  M eisenheim er complex fo rm a t io n  w ith  m e thox ide  ions  

i n  DMSO s o l u t i o n ,  b u t  n o t  s u f f i c i e n t  to  a l lo w  a p p r e c ia b le  a t t a c k  by 

DMSO i t s e l f  in  th e  absence  o f  m ethoxide io n s .

The k i n e t i c  p l o t  f o r  th e  r e a c t i o n  betw een p - n i t r o a n i s o l e  and 

m ethoxide io n s  i n  DMSO c o n ta in in g  0.3% m ethanol o r  m e th a n o l -o -d ,  by 

volum e, (F ig u re  ( 4 .6 ) )  shows t h a t  th e  c o n c e n t r a t i o n  o f  complex i s  sm a ll  

(o th e rw is e  S^ and S^ would have d iv e rg e d  a p p r e c ia b ly  i n  agreem en t w i th  

th e  a b s o r p t io n  spec trum  shown in  F ig u re  ( 4 .1 6 ) ,  b u t  t h e r e  i s  l i t t l e  room 

f o r  doubt t h a t  th e  mechanism i s :
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*
OCH, HCO OCH.

( I l l )
+ OCH,

slow
OCH.

f a s t

f a s t

slow
-*

+ OCH,

NO  ̂ NOg NO.

i . e .  th e  r a t e - d e te r m in in g  s t e p  i s  th e  fo rm a t io n  and n o t  d ecom posi t ion  

o f  th e  M eisenheimer complex. Tab le  (4 .1 2 )  shows t h a t  m ethano l and 

m eth an o l-o -d  behave s i m i l a r l y ,  and p ro v id e s  no ev idence  o f  any k i n e t i c  

i s o to p e  e f f e c t .

D e te rm in a t io n  of o rd e r  o f  r e a c t i o n  (page 56) le a d s  to  th e  

c o n c lu s io n  t h a t  th e  r e a c t i o n  i s  o f  ap p ro x im a te ly  f i r s t  o rd e r  in  

p - n i t r o a n i s o l e  b u t  second o rd e r  i n  m ethoxide io n s .  C le a r ly ,  th e n ,  

mechanism ( I I I )  . i s  an o v e r - s i m p l i f i c a t i o n .  A p o s s i b l e  s p e c u la t i o n  may 

be as fo l lo w s :

L e t  th e  r e a c t i o n  be r e p r e s e n te d  i n  s t a g e s ,  th u s :  

k .
ROCH  ̂ + OCHg R ( 0 C H 3 ) 2 (1)

The complex R(0CĤ )2 needs n o t  be a M eisenheim er co n p lex ;  pe rh ap s  th e  two 

methoxy groups a re  n o t  y e t  e q u i v a l e n t  o r  on th e  same carbon  atom.

There i s  good ev id en ce  (page 67 ) ,  f o r  exam ple, t h a t  the  M eisenheimer 

complex o f  1-m ethoxy, 2 , 4 - d in i t r o n a p h th a l e n e  w i th  m ethoxide io n  in  DMSO 

i s  formed in  more than one s t a g e .  T h is  i s  fo l lo w ed  by:

k„
R(OCH^)^ + OCHg —^  MH complex + OCH^ (2)

i . e .  we a r e  assuming t h a t  th e  t r a n s i t i o n  o f  R(0CHg)2  to  th e  M eisenheim er 

complex i s  c a t a ly s e d  by th e  m ethoxide io n .  I f  R(0CHg)2  i s  a  s h o r t - l i v e d  

s p e c i e s ,  we can app ly  th e  s t e a d y - s t a t e  c o n d i t io n  t h a t  i t s  c o n c e n t r a t i o n  

r a p i d l y  becomes c o n s t a n t ,  i . e .  t h a t  i t s  r a t e  o f  fo rm a t io n  and 

d eco m p o si t io n  become e q u a l .
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Thus,

^OChJ  [oCH^l = k^ [r COCH^)"^ + k^ |R (O C H ^)^l|oC H g]

H v ? -  f e f e ?
2  ' " 3  I s j

L ' j 'Z .  kg + kg

R ate o f  fo rm a t io n  MH complex = [RCOCH^)2J

k̂ k̂ ĵ ROCĤ J foCĤ J ^

I f  k2 i s  s u f f i c i e n t l y  g r e a t e r  th a n  k^ , th e n  we g e t  t h i r d  o rd e r

k i n e t i c s
k

i . e .  R ate  = ^ /k^  ^ROCH^ |o C H ^ ^

I f  k 2 i s  s u f f i c i e n t l y  s m a l le r  th a n  k ^ , th e n  we g e t  second 

o rd e r  k i n e t i c s

i . e .  R a te  = k^ ^OCH^ joCH^j

E v id e n t ly ,  i f  th e s e  s p e c u la t io n s  a r e  c o r r e c t ,  most o f  R(0CHg)2 

decomposes to  form th e  o r i g i n a l  r e a c t a n t s ,  and l i t t l e  o f  i t  becomes a 

normal M eisenheim er complex.

I f  k 2 i s  n e i t h e r  e x c e s s iv e ly  l a r g e  n o r  sm a l l  compared w i th  

k^ then  th e  k i n e t i c  ex p e c te d  would be o f  th e  type

R ate = k|ROCH^
3]  [“ « 3]

where x i s  betw een 1 and 2 .

U n fo r tu n a te ly  p - n i t r o a n i s o l e  and m ethoxide io n s  do n o t  r e a c t

in  m e thano l b u t  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  K a t s a n o s a n d  G ilb e r t^ ^ ^ ^

r e p o r t  o rd e r  o f  a p p re c ia b ly  g r e a t e r  th a n  1 i n  m ethoxide io n s  f o r  th e

r e a c t i o n s  o f  1-methoxy 2- n i t r o n a p h th a l e n e  and m ethoxide i o n s ,  and

1-methoxy 4 - n i t r o n a p h th a l e n e  and m ethoxide io n s ,  r e s p e c t i v e l y ,  in

(76)
m e th an o l,  a l th o u g h  t h e i r  v a lu e s  do n o t  approach  2. F e n d le r  f in d s  

t h a t  th e  r e a c t i o n  between 1-methoxy 2 , 4 - d i n i t r o a n i s o l e  and m ethoxide 

io n s  to  be f i r s t  o rd e r  i n  each r e a g e n t .



-  72 -

I t  i s  o f  i n t e r e s t  to  s p e c u la t e  a  l i t t l e  f u r t h e r  as to  why 

DMSO seems to  encourage  d eco m p o si t io n  o f  RCOCH^)^ by th e  r o u te  

i n  s ta g e  (1) ,  o r  a l t e r n a t i v e l y  to  d is c o u ra g e  s t a g e  ( 2) ,  w hereas m ethano l 

seems to  a c t  the  o th e r  way round in  th e  ex p e r im e n ts  o f  th e  K a tsan o s ,  

o f  G i l b e r t  and of F e n d le r .  I t  may be t h a t  th e  in t im a te  r e l a t i o n s h i p  

betw een m ethoxide io n  and m ethanol e n a b le s  s t a g e  ( 2) to  p ro cee d  more 

r e a d i l y ,  as  r a p id  p ro to n  movements p e rm i t  e q u a l ly  r a p id  movement of 

m ethox ide io n ,  and g iv e  th e  m ethoxide io n  a r a t h e r  l a r g e r  e f f e c t i v e  

volume th an  i t  o th e rw is e  h a s .  The m ethoxide  io n  in  DMSO has no 

such ad v an tag e ,  pe rhaps  th e  amount of added m ethano l b e in g  much too  

sm a l l  to  rep ro d u ce  l o c a l l y  th e  c o n d i t io n s  i n  m e thano l as  s o lv e n t .

The g e n e r a l  c o n c lu s io n ,  based  on th e s e  s p e c u l a t i o n s ,  seems 

to  be t h a t  th e  fo rm a t io n  o f  a M eisenheim er complex r e q u i r e s  b a se  

c a t a l y s i s  r a t h e r  th a n  th e  i n t e r c e s s i o n  of hydrogen  o r  p ro to n s .

REACTIONS OF 1-CHLORO, 2 , 4-DINITRONAPHTHALENE WITH CHLORIDE IONS IN DMSO

C om para tive ly  few k i n e t i c  d a t a  w ere o b ta in e d  h e r e ,  th e s e  a re

p r e s e n te d  in  Table ( 4 .1 4 ) .  The obvious p o i n t  o f  i n t e r e s t  i s  t h a t  th e

a d d i t i o n  o f  a sm a l l  amount o f  w a te r  o r  even c o n c e n t r a te d  p e r c h l o r i c  a c id  

had no a p p re c ia b le  e f f e c t  on th e  o v e r a l l  r e a c t i o n  r a t e .  I t  i s  

d i f f i c u l t  to  c o n c lu d e ,  t h e r e f o r e ,  t h a t  th e  r e a c t i o n  observed  w hateve r  

i t s  mechanism, i s  c a t a ly s e d  o r  i n h i b i t e d  by th e  p re s e n c e  o f  hydrogen 

atoms o r  p r o to n s .

A c o m p lic a t io n  in  th e  s tu d y  o f  th e  c h l o r i n e  exchange r e a c t i o n

i s  t h a t  an a l t e r n a t i v e  r e a c t i o n  in  which DMSO su ccee d s  in  r e p la c in g

c h lo r in e  from 1 - c h l o r o , 2 , 4 - d in i t r o n a p h th a l e n e  a l s o  o c c u r s .  This  i s  

e v id e n t  from Table (4 .1 8 )  and la so  from th e  o b s e r v a t i o n  t h a t  th e  

C l-36  l a b e l l e d  c h lo r in e  i n i t i a l l y  p r e s e n t  as c h l o r i d e  io n s  comes to  

i s o t o p i c  e q u i l ib r i u m  a f t e r  a l i t t l e  more th a n  10 h o u r s ,  whereas " th e  

coun t r a t e "  f o r  s u c c e s s iv e  r e a c t i o n  samples in c r e a s e s  to  th e  expec ted
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" i n f i n i t y "  v a lu e  a t  t h i s  tim e and th en  d e c re a se s  s low ly  d u r in g
M . ,

th e  n e x t  few d ays .  F u rtherm ore  an O .O S ^so lu t ion  o f  1 - c h l o r o , 2 , 4 -  

d in i t r o n a p h t h a le n e  in  DMSO i n i t i a l l y  gave a n e g a t iv e  r e a c t i o n  f o r  

c h l o r i d e  io n s  a f t e r  s e p a r a t i n g  betw een to lu e n e  and w a te r ,  a c i d i f y i n g  

th e  aqueous l a y e r  and add ing  s i l v e r  n i t r a t e  s o l u t i o n  , however 

r e p e t i t i o n  o f  th e  p ro c e d u re  a t  v a ry in g  tim es  i n t e r v a l s  showed s l i g h t  

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

which had in c re a s e d  a p p re c ia b ly  o v er  two d ays .  The ex p e r im e n t  was 

c a r r i e d  o u t  a t  room te m p e ra tu re .  C le a r ly  c h l o r i n e  i s  b e in g  e x p e l l e d  

as  c h lo r id e  io n s  by th e  DMSO.

The a b s o r p t io n  s p e c t r a  o f  F ig u re  ( 4 .2 2 ) ,  (4 .2 3 )  and (4 .2 4 )  

seem to  i n d i c a t e  t h a t  th e  e x p u l s io n  o f  c h l o r i n e  ta k e s  p la c e  v i a  th e  

u s u a l  ty p e  o f  complex. I t  i s  s a f e  to  conclude  t h a t  t h i s  complex c o n ta in s  

c h l o r i n e  as when th e  s o l u t i o n  i s  e x t r a c t e d  w i th  to lu e n e  and w a t e r ,  a 

ye l low  aqueous l a y e r  i s  p roduced  (presum ably because  th e  complex i s ,  

as e x p e c te d ,  s o lu b le  i n  w a te r )  which does n o t  p r e c i p i t a t e  s i l v e r  c h l o r i d e  

from s i l v e r  n i t r a t e  s o l u t i o n  u n le s s  a l i t t l e  n i t r i c  a c id  i s  added .

S i l v e r  c h l o r i d e  p r e c i p i t a t i o n  i s  p receded  by im mediate lo s s  o f  c o lo u r .

The a b s o r p t io n  spec trum  o f  th e  aqueous l a y e r  b e fo r e  a c i d i f i c a t i o n  i s  

shown in  F ig u re  (4 .3 0 )  and a c i d i f i c a t i o n  removes th e  peaks a t  400-450 nm 

(F ig u re  4 .3 1 ) .  For com parison  th e  a b s o r p t io n  spec trum  o f  th e  to lu e n e  

e x t r a c t  i s  shown in  F ig u re  (4 .3 2 )  and th e  absence  o f  complex i s  a p p a r e n t ,  

as i s  th e  absence  o f  th e  1- c h l o r o , 2 , 4 - d in i t r o n a p h th a le n e  i n  th e  s p e c t r a  

o f  th e  aqueous e x t r a c t .

The i s o t o p i c  c h l o r i n e  exchange w ith  c h l o r i d e  io n s  i s  

c o n s id e ra b ly  f a s t e r  th a n  th e  s o l v o l y t i c  e x p u ls io n  o f  c h l o r i n e  and th e  

e a r l y  p o in t s  in  k i n e t i c  p l o t s  were l i n e a r .  The r a t e s  l i s t e d  in  

Tab le  (4 .14 )  e v a lu a te d  from th e  s lo p e s  o f  th e s e  l i n e a r  p o r t i o n s .
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A d e te rm in a t io n  o f  o rd e r  showed t h a t  th e  r e a c t i o n  was o f  

f i r s t  o rd e r  w i th  r e s p e c t  to  l - c h l o r o , 2 , 4 - d i n i t r o n a p h t h a l e n e ,  b u t  

abou t 0 ,7  w ith  r e s p e c t  to  c h l o r i d e  io n  (see  F ig u re s  (4 .8 )  and ( 4 , 9 ) ) .  

CONCLUDING REMARKS

The o r i g i n a l  o b j e c t  o f  the  r e s e a r c h  was to  t r y  to  e s t a b l i s h  

w h e th e r  o r  n o t  a p r im ary  h y d ro g e n /d e u te r iu m  i s o to p e  e f f e c t  was p r e s e n t  

in  th e s e  v a r io u s  a ro m a t ic  n u c l e o p h i l i e  s u b s t i t u t i o n  r e a c t i o n s  in v o lv in g  

th e  fo rm a t io n  and su b se q u en t d eco m p o si t io n  o f  a M eisenheim er complex.

In  no case  has c o n c lu s iv e  e v id en ce  f o r  such  an i s o to p e  e f f e c t  been  

found; r a t h e r  th e  ev id en ce  has i n d i c a t e d  t h a t  a p rim ary  i s o to p e  e f f e c t  

i s  p ro b a b ly  a b s e n t .  This  i s  t r u e  w he the r  the  r a t e - d e t e r m in in g  s t e p  o f  

th e  r e a c t i o n  under s tu d y  was th e  fo rm a t io n  o r  d eco m p o si t io n  o f  th e  

M eisenheim er complex,

DMSO has c e r t a i n l y  enhanced the  n u c l e o p h i l i e  r e a c t i o n s  o f  

th e  m ethoxide io n ,  and c h lo r id e  io n ,  and has  enab led  a k i n e t i c  s tu d y  

(a l th o u g h  b r i e f  in  th e  case  o f  the  c h l o r i n e  exchange) to  be made on 

system s which had f a i l e d  to  r e a c t  in  m ethano l as s o lv e n t .

Taking to g e th e r  a l l  o f  th e  d a t a  p r e s e n te d  in  t h i s  t h e s i s ,  

i t  i s  p ro b ab ly  r e s o n a b le  a l th o u g h  n o t  c o n c lu s iv e ,  to  s u g g e s t  t h a t  

p ro to n  i n t e r c e s s i o n  in  th e  deco m p o si t io n  o f  a M eisenheim er complex i s  

l e s s  im p o r ta n t  th a n  s o l v a t i o n  o f  th e  i n c i p i e n t  m ethoxide io n  i n  th e  

t r a n s i t i o n  s t a t e ,  and in  th e  fo rm a t io n  o f  a M eisenheim er complex i s  

l e s s  im p o r ta n t  than  i s  b a se  c a t a l y s i s .



-  75 -

REFERENCES

1 Chapman, H. B. " S t e r i c  E f f e c t s  i n  C onjuga ted  S ystem s" ,
/

Ed. Gray, "B u t te rw o r th s  S c i e n t i f i c  P u b l i c a t i o n s " ,

London (1958) ,  p . 120.

2. Hammond, G. S. and P a r k e r ,  L. R . , J .  Am, Chem. Soc.

77, 340 (1955).

3. B u n n e t t ,  J .  F. and Z a h le r ,  R. E . , Chem. R ev . ,  49, 273 (1951).

4 . B u n n e t t ,  J .  F . ,  Q u a r t .  R ev . ,  12, 1 , 1958.

5 .  R oss, S. D . , 'P r o g r e s s  i n  P h y s ic a l  O rgan ic  C hem is try* ,

Vol. 1 , Ed. Cohen, S. G . , S t r e i t w e i s e r , J r .  A . ,  and 

T a f t ,  R. N. ( I n t e r s c i e n c e ,  New York, 1963), p .  31.

6 . M eisenheim er, J . ,  Ann. Chem., 323, 205 (1902).

7. J a c k s o n ,  C. L. and Eade, R. B . , Am. Chem. J . ,  29 , 89 (1903).

8 . Bamford, A. W. B . , Ph. T h e s i s ,  U niv . o f  London, 1959.

9 . Bamford, i b i d ,  p . 62.

10. Bamford, i b i d ,  p . 50.

11. F e n d le r ,  J .  H . , T h e s i s ,  P o s t  G raduate  Diploma in  Radio

c h e m is t ry ,  C i ty  o f  L e i c e s t e r  P o ly te c h n ic ,  1961; ( a ) ;  p .  56.

12. K a tsa n o s ,  N . , T h e s i s ,  P o s t  G raduate  Diploma in  R a d io c h e m is t ry .  

C i ty  o f  L e i c e s t e r ,  1961.

13. G i l b e r t ,  D. S . ,  T h e s i s ,  P o s t  G raduate  Diploma i n  R ad io ch em is t ry .

C ity  o f  L e i c e s t e r  P o ly t e c h n ic ,  1966, ( a ) ;  p .  86 ; (b) p .  183;

(c) p . 137, 157 and 133.

14. K a tsan o s ,  N . , i b i d ,  p . 52.

15. K a tsan o s ,  N . , i b i d . ,  p .  66 .

16. A inscough and C a ld in ,  J .  Chem. S o c . ,  2528 (1956).



— 76 —

17. Crampton, M. R . , and Gold, V . ,  J .  Chem. Comm. 549 (1965).

18. F o s t e r ,  R . , F y fe ,  C. A . ,  E m sl ie ,  P. H . , and Foreman, M. 1 . ,

T e t ra h e d ro n ,  23, 227 (1967).

19. B e rn a sc o n i ,  C. F . , J . 'A m . Chem. S o c . ,  90, 4982, (1968).

20. B u n n e t t ,  J .  F. and G a r s t ,  R. H . , J .  Am. Chem. Soc. 87, 3879, 1965

21. B u n n e t t ,  J .  F. and B e rn a sc o n i ,  C. F . , i b i d ,  87, 5209, 1965.

22. K irby ,  A. J .  and J e n c k s ,  J .  Am. Chem. S o c . ,  87, 3217 (1965).

23. B u n n e t t ,  J .  F. and R a n d a l l ,  J .  J . , J .  Am. Chem. S o c . ,  80,

6020, (1950).

24. B en es i ,  H. A. and H i lb ra n d ,  J .  H . , J .  Am. Chem. S o c . ,  71,

2703, (1949).

25. F o s t e r ,  R . , N a tu re ,  (1955) ,  176, 746.

26. Gold, V. and R o c h e s te r ,  C. H . , J .  Chem. S o c . ,  1687 (1964 ) .

27. Abe, T . ,  B u l l .  Chem. Soc. J a p a n  39, 627, (1966).

28. Crampton, H. R. and Gold, V . ,  J .  Chem. S o c . ,  4293, (1964).

29. F o s t e r ,  R . ; M ackie , R. K . , J .  Chem. S o c . ,  3796, (1963).

30. G i t i s ,  S. S . ,  G laz ,  A. 1 . ,  and Kaminski, A. Y . , J .  Gen.

Chem. USSR, 33, 3229.

31. F o s t e r ,  R . , N a tu re ,  183, 1042 (1959) .

32. P o l l i t t ,  R. J .  and S au n d ers ,  B. C . , J .  Chem. S o c . ,  4615, (1965).

33. G i t t i s ,  S. S. and K am in sk i i ,  A. Ya, J .  Gen. Chem., USSR,

33, 3226 (1963).

34. N o r r i s ,  A. R . , Canad. J .  Chem., 45, 175 (1967).

35. N o r r i s ,  A. R . , i b i d ,  45, 2703 (1967).

36. F o s t e r ,  R . , and F y fe ,  C. A . ,  Rev. P u re ,  Appl. Chem. ( A u s t r a l i a )

(1966) ,  16, 61.



-  77 -

37. S e r v i s ,  K. L . , J .  Am. Chem. S o c . , 87, 5495 (1965) .

38 . S e r v i s ,  K. L . , J .  Am. Chem. Soc. 89, 1508 (1967) .

39. ' Ueda, J . ; Sakabe, N . ; J a n a k a ,  J . ,  and F a ro u sa k ,  A . ,  N atu re

(1967) ,  215, 956.

40. D e s t ro ,  R . , C ra m a c c io l i ,  C. M .; and S im o n e tta ,  M .,

N a tu re  (1967 ) ,  215, 389.

41. Ranky, W. 0 . ,  and N e lson ,  D. C . , O rgan ic  S u lphu r  Compounds,

Vol. 1 (1 9 6 1 ) ,  p .  170, Pergamon P r e s s .

42. Hammick, D. L. P . ,  and W il l ia m s ,  R. B . , J .  Chem. S o c . ,  (1938).

43. Smedslund, Tor H. to  P . B. C e n t r a l - l a b o r a to r iu m ,  H e l s i n k i ,

US P a t e n t  2 ,5 8 1 ,0 5 0 .

44. Gutmann, V . ; C hem istry  in  B r i t a i n ,  Vol. 7 , No. 3 ,  March 1971.

45. Cram, D. J . , R ick b o rn ,  B . , and Knox, G. R . , J .  Am. Chem.

S o c . ,  82, 6412 (1960).

46. P f i t z n e r ,  K. E. and M o f f a t t ,  J .  G . , J .  Am. Chem. S o c . ,  83,

3027 (1963).

47. P f i t z n e r ,  K. E. and M o f f a t t ,  J .  G . , i b i d ,  87, 5661, (1965) .

48. F e n s e la u ,  A. H . , and M o f f a t t ,  J .  G . , J .  Am. Chem. S o c . ,

88 , 1762 (1966).

49 . Kornblum, N, ; Powers, J .  W. ; A nderson , G. J . ;  J o n e s ,  W. J .  ;

Lctrson, H. 0 . ;  Levand, 0 .  ; and Weaver, W. M ., J .  Am. Chem. 

S o c . ,  79, 6562 (1957).

50 . Kornblum N . ; J o n e s ,  W. J .  and A nderson , G. J . ,  J .  Am.

Chem. S o c . ,  81 , 4113 (1959).

51. T o r s s e l l ,  K . , A c ta .  Chem. Scand. 21, 1 (1967).

52. H u n sb e rg e r ,  1. M. and T ie n ,  J .  M ., Chem. Ind . (London),

(1959 ) ,  88 .



78 -

53. Corey, E. J .  and Chaykovsky, H . , J .  Am. Chem. S o c . ,  84,

866 (1962).

54. Corey, E. J .  and Chaykovsky, J . ,  J .  Am. Chem. S o c . ,  87,

1345 (1965).

55. L edw ith , A. and M cFarlane , N . , P ro c .  Chem, S o c . ,  (1964),  108.

56. Corey, E. J .  and Chaykovsky, H . , J .  Am. Chem. S o c . ,  86 , 1939 

(1964).

57. Moore, T. L . , J .  Org. Chem., 32 , 2786 (19&7).

58. E n t w i s t l e ,  I .  D. and J o h n s to n e ,  R. A . , Chem. Commun. (1965),

29.

59. G i l b e r t ,  D. S . ,  T h e s i s ,  P o s t  G radua te  Diploma i n  Radio

c h e m is t ry ,  C i ty  o f  L e i c e s t e r  P o ly te c h n ic  (1 9 6 6 ) ,  p .  75.

60. Ullman and Bruck, Ber. 1908, 41 , 3932.

61. F e n d le r ,  J .  H . , T h e s i s ,  P o s t  G raduate  Diploma i n  R adio

c h e m is t ry ,  C ity  o f  L e i c e s t e r  P o ly te c h n ic  (1 9 6 1 ) ,  p .  33.

62. F e n d le r ,  J .  H . , i b i d .  p .  34.

63. McKay, H . , N a tu re ,  142, 997 (1938).

64. H a r r i s ,  G. M ., T ran s .  F a rad ay ,  Soc. 47, 716 (1951 ) .

65. Bunton, C. A . ,  G ra ig ,  D. P. and H a le v i ,  E. A .,  T ra n s .

F a rad ay ,  Soc. 51, 196, (1955).

66 . F e n d le r ,  J .  H . , T h e s i s ,  P o s t  G raduate  Diploma i n  R adio

c h e m is t ry ,  C i ty  o f  L e i c e s t e r  P o ly te c h n ic  (1 9 6 1 ) ,  p .  58.

67. K a tsan o s ,  N . , T h e s i s ,  P o s t  G radua te  Diploma in  R a d io c h e m is t ry ,  

C ity  o f  L e i c e s t e r  P o ly te c h n ic ,  1961, p .  63.

68 . G i l b e r t ,  D. S . ,  T h e s i s ,  P o s t  G raduate  Diploma i n  R a d io c h e m is t ry .  

C ity  o f  L e i c e s t e r  P o ly te c h n ic ,  1966, p .  131.



-  79

69. F e n d le r ,  J .  H .,  F e n d le r ,  E. J . ,  Byrne, W. E . ,  and G r i f f i n ,

C. E . ,  J .  Org. Chem. 33, 977 (1968).

70. G i l b e r t ,  D. S . ,  T h e s i s ,  P o s t  G radua te  Diploma i n

R a d io c h e m is t ry .  C i ty  o f  L e i c e s t e r  P o ly te c h n ic  (1966 ) ,  p .  126.

71. Bunton, C. A . ,  and S h in e r ,  V. J . , J .  Am. Chem. S o c . ,

83, 3211 (1961).

72. Bunton, C. A . ,  and S h in e r ,  V. J . ,  i b i d . ,  83, 3207 (1961).

73. Crampton, M. R . , and Gold, V . , J .  Chem. Soc. (B ) , 893,

(1966).

74. K a tsan o s ,  N. T h e s i s ,  P o s t  G raduate  Diploma in  R a d io c h e m is t ry .  

C ity  o f  L e i c e s t e r ,  1961, p .  45.

75. G i l b e r t ,  D. S . ,  T h e s i s ,  P o s t  G raduate  Diploma i n  R a d io c h e m is t ry .  

C ity  o f  L e i c e s t e r  P o ly te c h n ic ,  1966, p .  105 ,

76. F e n d le r ,  J .  H . , T h e s i s ,  P o s t  G raduate  Diploma i n  R a d io c h e m is t ry .  

C i ty  o f  L e i c e s t e r  P o ly te c h n ic ,  1961, p .  42,

77. S c h a a l ,  R . , and Lam bert,  G . , J .  Chem. P h y s . ,  59, 1151, 1164, 

(1962) .


