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P rev io u s  work on c y c l i s a t io n  r e a c t io n s  in  a c id ic  m edia, 

i s  rev iew ed , p a r t i c u l a r  a t t e n t io n  b e in g  p a id  to  th o se  r e a c t io n s  

w hich ta k e  p la c e  in  c o n c e n tra te d  s u lp h u r ic  a c id ,  e s p e c ia l ly  th e  

s y n th e s is  o f  q u in o lin e  compounds from a n i l s  o f ^ - d ik e to n e s  by th e  

Combes method.

A method o f  a n a ly s is  o f  d i l u t e  aqueous s u lp h u r ic  a c id  

s o lu t io n s  c o n ta in in g  a c e ty la c e to n e  and f u l l  e x p e rim en ta l d e t a i l s  

f o r  th e  measurement o f  th e  r a t  e -c o n s t suit o f  th e  c y c l i s a t io n  o f th e  

a n i l ,  -p - tc lu id in o p ro p e n y lm e th y l ketone in  c o n c e n tra te d  s u lp h u r ic  

a c id  to  2 : 4 : 6 - tr im e th y l-q u in o l in e  a re  g iv e n . The a n a ly s is  o f  th e  

a l iq u o ts  tak en  from th e  r e a c t io n  m ix tu re  depends on th e  h y d ro ly s is  

o f  th e  a n i l  in to  p - to lu id in e  and a c e ty la c e to n e  and th e  subsequen t 

e s t im a tio n  o f  th e  a c e ty la c e to n e .

The c y c l i s a t io n  r e a c t io n  i s  found to  be f i r s t  o rd e r  vd.th 

r e s p e c t  to  th e  a n i l  and th e  r a te - c o n s ta n t  i s  found to  in c re a s e  w ith  

in c re a s in g  s t r e n g th  o f s u lp h u r ic  a c id . U n lik e  most n i t r a t i o n  

r e a c t io n s ,  w hich have a maximum r a t e  a t  about 90^ s u lp h u r ic  a c id ,  

th e  r a t e  o f t h i s  c y c l i s a t io n  r e a c t io n  in c re a s e s  w ith  in c re a s in g  

a c id i ty  and does so v ery  r a p id ly  as a b s o lu te  s u lp h u r ic  a c id  i s  approached.

The tau tom erism  o f  a n i l s  and th e  n a tu re  o f  /3 -p - to lu id in o p ro p -  

eny lm ethy l ke tone  in  s u lp h u r ic  a c id  i s  d isc u s s e d . The r a te - c o n s ta n t  

k , i s  found to  be r e l a t e d  to  Hammett *s a c id i ty  fu n c tio n  and th e  

a n i l  i s  th e r e fo r e  assumed to  ta k e  up a s in g le  p ro to n  in  c o n c e n tra te d  

s u lp h u r ic  a c id .



A mechanism o f  c y c l i s a t io n  i s  su g g ested  in v o lv in g  th e  

u p ta k e  o f  a p ro to n , r in g - c lo s u re  and subsequen t lo s s  o f  m olecule 

o f w a te r ,

A n o te  i s  made o f  th e  f a i l u r e s  o f  c e r t a in  a n i l s  to  eyel i s e  

and a re a so n  f o r  t h i s  f a i l u r e  i s  su g g e s te d .
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1,

I .  I n t r o d u c t io n .

1• S u lp h u r ic  a c id  and 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 s . '

C o n c e n tra te d  s u lp h u r ic  a c id  i s  a  p a r t i c u l a r l y  u s e f u l  

medium f o r  c a r ry in g  o u t many o rg a n ic  r e a c t io n s ,  i n  p a r t i c u l a r ,  

e l e c t r o p h i l i c  s u b s t i t u t i o n s  such  a s  th e  n i t r a t i o n  o f  arom aljic , 

compounds, c e r t a i n  a c y la t io n  and a l lc y la t io n  r e a c t io n s  o f  th e  F r ie d e l-  

c r a f t s  ty p e  and c y c l i s a t i o n  o r  c y c lo d e h y d ra tio n  r e a c t io n s .  I t  i s  

o n ly  r e c e n t ly  t h a t  th e  a c tu a l  f u n c t io n  o f  th e  s u lp h u r ic  a c id  in  

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 s  has been  a p p r e c ia te d .  F o r exam ple, 

th e  n i t r a t i o n  o f  benzene was fo rm e r ly  r e p re s e n te d  by th e  e q u a tio n .

‘ H2 S02^ + HgO

and i t  was assum ed t h a t ,  in  t h i s  r e a c t io n ,  and in d e ed  i n  a l l  su ch  

r e a c t io n s  v/here a  m o lecu le  o f  -w ater i s  e l im in a te d ,  th e  fu n c t io n  o f  

th e  s u lp h u r ic  a c id  was to  remove th e  e lem en ts  o f  w a te r  from th e  

r e a c t a n t s .

More r e c e n t  v/ork, how ever, has shown t h a t  th e  mechanism 

o f  t h i s  r e a c t io n  i s  n o t  th e  e l im in a t io n  o f  a  m o lecu le  o f  w a te r  

betw een  th e  a ro m a tic  h y d ro carb o n  and th e  n i t r a t i n g  r e a g e n t ,  b u t 

th e  fo rm a tio n  o f  a  c a t io n  from  th e  n i t r i c  a c id ,  w hich a t t a c k s  th e  

b en zen e  n u c le u s .  The mechanism p ro p o sed  f o r  n i t r a t i o n  r e a c t io n s  

i s  th e  fo rm a tio n  o f  th e  n itro n iu m  io n  NOf from  th e  n i t r i c  a c id .



2.

T h is  a c t i v e  in te rm e d ia te  may a ls o  be form ed by th e  i n t e r a c t i o n  o f  

a  p ro to n  w ith  th e  a c id  a n h y d rid e , d in tro g e n  p e n to x id e .

■0
.+

— O'—N + H ------ > HONG 2 + L

A com prehensive rev iew  o f  th e  ev id en ce  f o r  th e  e x is te n c e  

o f  th e  n i tro n iu m  io n  N0+ was p u b lis h e d  by B e n n e tt ,  B rand and W illiam s 

in  1 9 4 6 , They p u t fo rw ard  ev id en ce  to  show

(a )  t h a t  i n  s u lp h u r ic  a c id ,  n i t r i c  a c id  e x i s t s  as  a  new form

(b ) t h a t  th e  new form  i s  c a t i o n i c

( c )  t h a t  th e  c a t io n  i s  NO^

(d ) t h a t  NOg i s  th e  a c t iv e  n i t r a t i n g  e n t i t y .

S in ce  1946 W estheim er and K h arasch ^ , Cox and J e f f e r y ^  

and In g o ld  and h i s  cow o rk ers^  have p u t fo rw ard  e v id e n c e  e s t a b l i s h i n g  

th e  e x is te n c e  o f  th e  n i tro n iu m  io n  in  n i t r i c :  s u lp h u r ic  a c id  m ix tu re s .

F u r th e r  in fo rm a tio n  from  s tu d ie s  o f  th e  k i n e t i c s  o f  

n i t r a t i o n  r e a c t io n s  i n  s u lp h u r ic  a c id  show th a .t th e  r a t e  o f  n i t r a t i o n  

r e a c t io n s  re a c h e s  a  maximum in  ab o u t 90f^ s u lp h u r ic  a c id ,  and th e r e  i s  

some in d ic a t io n  th a t  th e  r i s e  to  a  maximum i s  a  p ro p e r ty  o f  th e  

medium, and n o t o f  th e  a ro m a tic  compound, p ro v id in g  th e  l a t t e r  i s  

p r e s e n t  i n  s u f f i c i e n t l y  low c o n c e n tr a t io n s  to  have a  n e g l ig ib l e  

e f f e c t  on th e  s o lv e n t .  I t  ap p ea rs  t h a t  th e  two e f f e c t s  o f  th e  

s u lp h u r ic  a c id  m edia a re  to  ( l )  i o n i s e  th e  n i t r i c  a c id  and (2 ) 

s o lv a te  th e  a ro m a tic  s u b s ta n c e . On th e  aqueous s id e  o f  th e  

maximum ( l )  has a  g r e a t e r  e f f e c t  th an  (2 )  and th e  e f f e c t  o f  ( l )  

and hence th e  r a t e  o f  n i t r a t i o n ,  in c r e a s e s  w ith  in c r e a s in g  con -



3 .

c e n t r a t i o n  o f  s u lp h u r ic  a c id ;  h u t ,  v/hen th e  a c id  c o n c e n tr a t io n  

h a s  re a c h e d  ab o u t 90,^, th e  e f f e c t  o f  (2 ) i s  su ch  t h a t  i t  overcom es 

t h a t  o f  (1 ) and , a l th o u g h  th e  e x te n t  o f  i o n i s a t i o n  o f  th e  n i t r i c  

a c id  c o n tin u e s  t o  in c r e a s e ,  th e  r a t e  o f  n i t r a t i o n  f a l l s .  As th e  

c o n c e n t r a t io n  o f  s u lp h u r ic  a c id  in c r e a s e s  to  lOO^b, i t s  s o lv a t in g  

a c t io n  in c r e a s e s  so t h a t  th e  r a t e  o f  n i t r a t i o n  f a l l s  s t e a d i l y .

I t  was w ith  a v iew  to  s tu d y in g  f u r t h e r  th e  a c t io n  o f  

s u lp h u r ic  a c id  as  a  medium in  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t io n s  

t h a t  v a r io u s  c y c l i s a t i o n  r e a c t io n s  w ere rev iew ed  w ith  a  v iew  to  

k i n e t i c  s tu d y ,

2 , C y c l i s a t io n  r e a c t io n s  and c y c l i s i n g  m edia.

In  194-6 B rad sh e r^  rev iew ed  and c o r r e l a t e d  th e  known 

exam ples o f  a ro m a tic  c y c l i s a t i o n s  o f  th e  ty p e  in  w hich  a k e to n e  

o r  an  a ld eh y d e  u s u a l ly  th e  l a t t e r ,  i n  th e  p re se n c e  o f  a c id  -  

c a t a l y s t s  co n d en ses  T /ith  an a ro m a tic  n u c le u s  to  form  a  c y c l i c  

c a r b in o l ,  w hich th e n  u n d erg o es  d e h y d ra t io n  to  form  a n o th e r  r in g .

T h is  ty p e  o f  c y c l i s a t i o n  has b een  d e s ig n a te d  a s  a ro m a tic  c y c lo d e 

h y d r a t io n  and i s  a lm o s t u n iq u e  in  i t s  a b i l i t y  to  a f f o r d  a new, 

f u l l  a ro m a tic  r in g  w ith o u t  r e s o r t  to  d e h y d ro g e n a tio n . T h is  ty p e  

o f  r e a c t io n  can  c o n v e n ie n tly  be r e p r e s e n te d  by th e  fo llo w in g  e q u a t io n s :

 <j-R - h"-
« L

(B z a lk y l o r  a r y l  o r  H; A= -  G = C - 0 - ;  - S - ;  )
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B ra d sh e r  d iv id e d  th e  c y c l i s a t i o n s ,  w hich  he was c o n s id e r in g ,  

i n t o  two m ain c l a s s e s ,  nam ely h i c y c l i c  and t r i c y c l i c ,  d ep en d in g  on 

th e  n a tu r e  o f  th e  f i n a l  p ro d u c t .

I n  th e  fo rm e r c l a s s  cam e;-

(a )  The N ap h th a len e  S y n th e s e s . i n  w hich  compounds o f  th e  

/3 - s ty r y l r a e th y l  k e to n e  ty p e  c y c l i s e  to  g iv e  n a p h th a le n e  d e r i v a t i v e s .

f
(R=Ji, a llcy l o r  a r y l ) .

F o r th e s e  c y c l i s a t i o n s  th e  medium u s u a l ly  em ployed was 

b o i l i n g  50;b s u lp h u r ic  a c id ,  b u t  in  some c a s e s ,  c y c l i s a t i o n  was 

e f f e c t e d  by m ere ly  h e a t in g  th e  k e to n e  to  120^, o r  h e a t in g  w i th  

a  m e th y l a lc o h o l  s o lu t io n  o f  hydrogen  c h lo r i .d e , o r  a  m ix tu re  o f  

hydrobrom ic and a c e t i c  a c id s .

(b ) The B en zo fu ran  s e r i e s , i n  w hich a  p h en o x y ace ta ld eh y d e  

o r  phenoxym ethyl k e to n e  y i e l d s  a  b e n z o fu ra n  n u c le u s .

(Rdh, a lk y l  o r  a r y l ) .

In  th e s e  compounds, th e  a ld eh y d e  o r  k e to n e , h av in g  

no d o u b le  bond , i s  more s t a b l e  tow ards a c id  th a n  i t s  c o u n te r p a r t  

i n  th e  n a p h th a le n e  s e r i e s ,  t h e r e  i s  a ls o  no p o s s i b i l i t y  o f



G eo m etric  iso m erism . The p re se n c e  o f  a  s t r o n g  0 - p -  d i r e c t i n g  

e th e r  l in k a g e  r e s u l t s  in  a  m arked ly  g r e a t e r  c a se  o f  c y c l i s a t i o n .

The m edia em ployed f o r  th e s e  r e a c t io n s  a r e  c o n c e n tra te d  

s u lp h u r ic  a c id ,  and a c e t i c  a c id  s o lu t io n s  o f  z in c  c h lo r id e ,

( c j The T h ian a p h th en e  s e r i e s  : -

Many a t te m p ts  w ere made to  c y c l i s e  comoounds o f  th e  ty p e  

( l ) ,  h u t m ost o f  them f a i l e d .

5.

j:HR ,

o-=C.^

(? )

Work hy  F r i e s  e t  a l^  has s h c m , hovæ ver, t h a t  i n  c o n c e n tr a te d  

s u lp h u r ic  a c id  p h e n a c y l-3-h y d ro x y  s u lp h id e  c o u ld  be e y e U s e d  to  

" ' 3 -p h e n y l-6 -h y d ro x y  th ia n a p h th e n e  i n  455’o y i e l d .

A b e t t e r  y i e l d  h as  been  o b ta in e d  by u s in g  th e  m e th y l-e th e r .

( d ) The In d o le  sy s te m , in  w hich  o < -a n ilin o  k e to n e s  o r  

a ld eh y d es  ( l l )  c y c l i s e  to  g iv e  in d o le s .  -

“a
o=rCR OR

r a r e l y .



Many in s ta n c e s  o f  c y c l i s a t i o n  o f  compounds o f  th e  ty p e  ( I I ) to  

g iv e  in d o le s  have  been  r e p o r te d .  The r e a c t io n s  have been 

C a r r ie d  o u t by h e a t in g  th e  k e to n e  Vvdth an am ine, o r  h e a t in g  i t s  

h y d ro c h lo r id e ,  o r  h e a t in g  i t  w i th  z in c  c h lo r id e  in  th e  p re se n c e  

o f  a n i l i n e  h y d ro c h lo r id e .

(e )  The c .u in o lin e  s e r i e s ; -

Q u in o lin e s  may be p re p a re d  by th e  a c id - c a ta ly s e d  

d e h y d ra t io n  o f  d ik e to n e  a n i l s  o f  th e  ty p e  ( i l l )

p: » oil:
Ckicx)

H y d ro ly s is  o f  th e  ca rb o n  to  n i t r o g e n  bond te n d s  to  ta k e  p la c e  

u n d e r  th e  c o n d i t io n s  u sed  f o r  c y c l i s a t i o n ,  b u t th e  r in g  c lo s u r e  

o f  d ik e to n e  a n i l s ,  in  p a r t i c u l a r  th o se  o f  a c e ty la c e to n e ,  c o n s t i t u t e s  

one o f  th e  two m ost im p o rta n t  and e x te n s iv e  a p p l ic a t io n s  o f  a ro m a tic  

e y e lo d e h y d r a t io n s .

The medium em ployed f o r  th e s e  types o f  c y c l i s a t i o n ?  i s  

c o n c e n tr a te d  s u lp h u r ic  a c id ,

( f )  The I s o q u in o l in e  sy s te m : -

A l im i te d  num ber o f  c y c l i s a t i o n s  to  form i s o q u in o l in e s  

have been  c a r r i e d  o u t i n  s u lp h u r ic  a c id  m edia.
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In  th e  T r i c y c l i c  system s B ra d sh e r  l i s t e d : -

( a )  The p h e n a n th re n e  d e r i v a t iv e s ,  w here th e  ty p e  o f  r e a c t io n  t h a t  

o c c u rs  i s : -

(H=H, a lk y l  o r  a r y l )

These types o f  r e a c t io n . ,  can he  c a r r i e d  o u t i n  c o n c e n tr a te d  

s u lp h u r ic  a c id ,  and hydrobrom ic and a c e t i c  a c id  m ix tu re s .

(b ) The A n th racen e  sy stem , w here th e  g e n e r a l  r e a c t io n  i s : -

The r e a c t io n s  have m o s tly  been  c a r r i e d  o u t in  m ix tu re s  o f  

h yd robrom ic  and a c e t i c  a c id s .

(c )  The A c r id in e  sy s tem , w here compounds o f  ty p e  (IV ) undergo  

c y c l i s a t i o n  i n  a c e t i c  a c id  s o lu t io n s  o f  c o n c e n tra te d  o r  d i l u t e  

s u lp h u r ic  a c id  to  g iv e  a c r id in e  compounds (V ).

e=o
R
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T hese r e a c t i o n s  a re  c a r r i e d  o u t i n  s o lu t io n s  o f  s u lp h u r ic  a c id

( e i t h e r  c o n c e n tr a te d  o r  d i l u t e ;  in  a c e t i c  a .cid ,

3* The q u in o l in e  S y n th e s is .

The method o f  s y n th e s i s in g  q u in o l in e  compounds hy c y c l i s a t i o n

o f  th e  a n i l s  o f  p r im a ry  a ro m a tic  am ines and a c e ty la c e to n e

( o r - d i k e t o n e s )  was d ev e lo p ed  hy Gomhes^. He u se d  th e  f a c t ,

p r e v io u s ly  r e p o r te d  hy E e y e r, t h a t  th e  c o n d e n sa tio n  p ro d u c t o f

a c e ty la c e to n e  and a n i l i n e  v / i l l  lo s e  a  m o lecu le  o f  w a te r  to  form

2 :4 -d im e th y lq u in o l in e .  Gomhes ex ten d ed  t h i s  s y n th e s i s  to  form

s u b s t i t u t e d  2 :4 - d im e th y lq u in o lin e s  hy u s in g ,  as  s t a r t i n g  m a t e r i a l s ,

a c e ty la c e to n e  o r  s u b s t i t u t e d  a c e ty la c e to n e s  and v a r io u s  p rim a ry

a i'o m a tic  am ines, th e s e  he condensed  to  form  a n i l s ,  e ,  g . / 3 - a n i l i n o —

p ro p e n y lm e th y l k e to n e , . w hich w ere th e n
0 =6.

a b le  to  lo s e  a  m o lecu le  o f  w a te r  to  form q u in o l in e s .  Combes 

h e a te d  th e  a n i l s  i n  c o n c e n tr a te d  s u lp h u r ic  a c id ,  p o u red  th e  m ix tu re  

i n to  w a te r ,  and p r e c i p i t a t e d  th e  q u in o l in e  compound w ith  ammonium 

h y d ro x id e . He was s u c c e s s f u l  i n  fo rm in g  c y c l i c  compounds from  

a c e ty la c e to n e  and a n i l i n e ,  s u b s t i t u t e d  a c e ty la c e to n e s  and a n i l i n e ,  

and a c e ty la c e to n e  and o - o r - p - t o l u i d i n e .

4 . The e f f e c t  o f  s u b s t i t u e n t s  on th e  e a se  o f  c y c l i s a t i o n .

R o b e r ts  and T u rn er^  u sed  th e  Combes s y n th e s i s  to  s y n th e s i s e  

many s u b s t i t u t e d  q u in o l in e  compounds. They r e p o r te d  t h a t  th e
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e a se  o f  c y c l i s a t i o n  o f  th e  a r i l s  o f  a c e ty la c e to n e  and p r im a ry  

a ro m a tic  am ines was c o n s id e ra b ly  a f f e c t e d  by th e  n a tu r e  o f  th e  

s u b s t i t u e n t  g ro u p s . From t h e i r  o b s e r i 'a t io n s  o f  v/hich a n i l s  

c y c l i s e d  e a s i l y ,  w hich  d id  so  o n ly  w ith  d i f f i c u l t y  and v/hich d id  

n o t c y c l i s e  a t  a l l ,  R o b e r ts  and T u rn e r  w ere a b le  to  draw  c e r t a i n  

c o n c lu s io n s .  They propounded  t l i a . t ; -

(a )  I f  a s t r o n g ly  o -p  d i r e c t i n g  group i s  p r e s e n t  i n  a  m eta 

p o s i t i o n  to  th e  n i t r o g e n  atom ( 3 ,5  in  V I) c o n d e n sa tio n  p ro c e e d s  

r e a d i l y  even  i f  a  s i m i l a r  g roup  i s  p r e s e n t  i n  an  *u n fa v o u ra b le  * 

p o s i t io n  as in  2 :5 ,~ 3 ;4 ,  and 2 :3  d im et ho x^^qu ino line .

  <•

(b ) I f  a  s t r o n g ly  o -p  d i r e c t i n g  group  i s  i n  p o s i t i o n  4 , i n  

ab sen ce  o f  o th e r  s u b s t i t u e n t s  in  * fa v o u ra b le *  p o s i t i o n s ,  fo rm a tio n  

o f  a  q u in o l in e  a p p e a rs  to  b e  p re v e n te d . (O, p , - a n i s i d i n e ) .

( e )  The e f f e c t  o f  c h lo r in e  i s  w hat w ould be a n t i c i p a t e d ,  i . e .  

one c h lo r in e  atom i n  a  ‘fa v o u ra b le *  p o s i t i o n  (m eta  to  th e  n i t r o g e n  

atom ) i s  a s s o c ia te d  w ith  e x c e p t io n a l  e a se  o f  q u in o l in e  fo rm a tio n , 

a  c h lo r in e  atom  in  a n o th e r  p o s i t i o n  p r e v e n ts  c o n d e n s a tio n . They 

found t h a t  th e  p re se n c e  o f  a  raethox^ri group m eta to  th e  p o s i t i o n  

a t  w hich c y c l i s a t i o n  i s  e x p e c te d  to  o c c u r  ( i . e .  o - p -  to  th e  n i t r o g e n  

atom ) c o m p le te ly  i n h i b i t s  c y c l i s a t i o n .  An i n h i b i t i o n  o f  t h i s  ty p e  

h a s  been  o b se rv e d  i n  o th e r  c y c l i s a t i o n s  (1 0 ,1 1 ,1 2 ,1 3 ,1 4 )  and i s  

l ik e w is e  c h a r a c t e r i s t i c  o f  a ro m a tic  c y c lo d e h y d ra tio n  ( 1 5 ,1 6 ,1 7 ,1 8 ) .



The Combes S y n th e s is  has founcl many a p p l ic a t io n s ,  as 

r e fe r e n c e  to  th e  fo llo v d .n g  t a b le  v v lll  show.

T able 1 ,

Combes S y n th e s is ,

10.

C vclised,

r 5 r 7 r 8 R e fe re n c e s .

H H H H K ( 1 9 ) ( 2 0 ) ( 2 1

CH3 H H PI H (1 9 ) ( 2 0 )

H H CK3 H H (19) ( 2 0 )

H K G2H3 H R ( 2 2 )

H H H H CE3 (19) ( 2 0 )

H H H H C2H3 (23)

H H H H n-C 3 Hy (24)

H GH3 H H CH3 ( 2 5 )

CH] H H H CKg ( 2 6 )

GH:3 H H H 0 3 H7 ( 2 7 )

GH3 H H H n-0 3 Hy ( 2 8 )

H H H — (G ( 2 5 )

H H ! H OGH3 OGH3 (29)

H OCH3 H H OGH3 ( 5 0 )

H H OGH3 OCH3 OCH3 ( 3 0 )

H OCH3 OCH3 OCH3 H (30)

H OOH3 OGH3 H B r (29)

H H- H C l H (9 )

H H C l C l H (9)

— ----------------------------



F a i le d  to  c y c l i s e .

11.

R^ R5 R^ r 7 ■d 8 R e fe re n c e s .

H H OOH? H H (17)

H K H H ooiy (9)

H H H H 0 1 (9 )

H , H 0 1 H H (9)

H H 0 1 H 0 1 (9 )

H 0 1 H H 0 1 (9 )

H 0 1 K 0 1 H (9 )

R o b e rts  and T u rn e r deduced t h a t  th e  f a i l u r e s  to  o b ta in  

a c y c l i c  compound, w hich th e y  had l i s t e d ,  c o u ld  n o t  be due to  

c o n d e n sa tio n  to  th e  e x te n t  o f  a  few u n i t s  p e r  c e n t o f  w a te r  and 

th e  w a te r  fo rm ed, w ith  th e  s u lp h u r ic  a c id ,  h y d ro ly s in g  th e  un

changed a n i l  o f  a  weak b a s e ,  f o r ,  i f  t h i s  w ere so , c o n d e n sa tio n  

sh o u ld  have b een  o b se rv ed  vmere a b s o lu te  o r  s l i g h t l y  fum ing 

s u lp h u r ic  a c id  was u se d .

S im i la r  work on th e  n a p h th a le n e  ty p e  o f  c y c l i s a t i o n ,  

u s in g  hydrobrom ic and a c e t i c  a c id  m ix tu re s  as m ed ia , has been  

p u b lis h e d  by Ohmaki^^-, in  w hich  he  r e p o r te d  t h a t  e a se  o f  c y c l i 

s a t i o n  o f  compounds o f  th e  (X^benzal-yS-b e n z o y lp ro p io n ic  a c id  ty p e  

was in f lu e n c e d  by th e  n a tu re  o f  th e  s u b s t i t u e n t s  i n  ( se e  t a b l e  2 ) ,  

b u t n o t a t  a l l  by  (R^, R ^). He co n clu d ed  t h a t  r 7  m ust b e  a

h y d ro ]c /l, a lk o x y l o r  a te rm in u s  o f  a  m eth y len ed io x y  group f o r  

c y c l i s a t i o n  to  ta k e  p la c e .



Table 2.

C y c l i s a t io n  ex p erim en ts  Y/itho<- b e n z o l-  
______ /S -b e n z o y lp ro o io n ic  a c i d ,_______

12.

COOH

J y c l i s e d .

k3
I

r 3' R e fe re n c e s .

H OOH3 0CH3 K H H (3 2 ) (33)

H -  0 -  CHp -  0  - H H H (■3 1 )

H OH OOH3 H H OGH3 ( 3 1 )

H — 0  — c H2 -  0  - H H OGH3 (31)

H H OH H H OGH3 ( 3 1 )

H OH OCH3 K OOH3 OOH3 (31)

H OCH3 OGH3 H OGH3 OGH3 (3 3 ) (3 1 )

CH3 OCH3 OCH3 H OGH3 OGH3 (34)

H ÛC2H5 OCH3 H OCH3 OGH3 (31)

H — 0  c dp -  0  — H OGH3 OCH3 (31)

H OH OCH3 OCH3 H OGH3 ( 3 1 )

H ' - 0 - 0 1 2  -  0  - OGH3 H OCH3 (31)



F a i le d  to  C y c l is e .

9l̂ R" and R~ =

R7

H ),

R^ R e fe re n c e s ,

H H H H ( 3 1 )

H H H GH^O ( 3 2 .) (3 1 }

GHÿ H H GH^O (31)

H H GK3 O GH^O ( 3 1 )

GH^O H GH3 O GH;^0 (31)

CH^O H CH^O GH^O (31)

ÏÏ GH^O GH3 O (31)

As a lr e a d y  s t a t e d  th e  ea se  o f  fo rm a tio n  o f  h e n z o fu ra n  

d e r iv a t iv e s  i s  a f f e c te d  hy th e  s u b s t i t u e n t s ,

B e r l in e r ^ ^  r e p o r te d  t h a t  th e  r a t e  o f  c y c l i s a t i o n  o f  

9 ,1 c  d i s u h s t i t u t e d  a n th ra c e n e s  in  m ix tu re s  o f  h o i l in g  a c e t i c  

and hydrobrom ic a c id s  was in f lu e n c e d  hy th e  n a tu r e  o f  th e  s u b s t i tu e n t  R,

L=0

©
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5. .mils v/lxLch fail to cyclise.

B e s id e s  th o se  c a s e s  o f  th e  f a i l u r e  o f  c er i:a in  a n i l s  

to  c y c l i s e ,  w hich  have a lr ea d y  been m entioned , o th e r  in s ta n c e s  

have been r e p o r te d . Thus C la is e n  and F isch er^ ^  r ep o rted  th a t  

th e  a n i l  o f  form ylacetop h en on e (V II ) gave no q u in o lin e  compound 

w ith  c o n c en tr a ted  su lp h u r ic  a c id .

Cvii)

T h ielep ap e^ ^  has r ep o rted  th a t  th e  a n i l  o f  fo rm y la ce to n e  (V I I l)  

and th e  p - a n is id e  o f  a ceto n e-Q x a .lic  e s t e r  (IX ) b o th  f a i l  t o  c y c l i s e .

o Z "

<ûo<âHs.

( y i "  )  , 0 ^ )

M arckwald and Schm idt37 f i r s t  s tu d ie d  th e  r e a c t io n  o f  d i a n i l s  

from  p -  and m~ p h en y le n e d ia m in e s .

tM j CHj

“ *3

Cx) W

P -
Vv\
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The p a ra  d e r iv a t iv e  (X) m ere ly  underw ent f i s s i o n ,  b u t th e  m eta 

iso m er gave, by c y c l i s a t i o n  and f i s s i o n ,  what i s  b e l ie v e d  to

be th e  7 -arflino-2 ; I t .-d .ira e th y lq u in o lin e  r a t h e r  th.an th e  5 ~ ison ier.

i") CHj %

^ 1 1

H u rray  and T u r n e r 38  u sed  th e  combes s y n th e s is  to  prepajre d iq u in o l in y l  

e t h e r s •

ÇH3

(R = 2 m ethy l -  4  -  q u in o lin o x y  o r  4  -  m eth y l -  2 -  q u in o lin o x y )

They found t h a t  th e  a n i l s  in  w hich R = GH3 , OGH3 o r  GHpHf̂  w^ould n o t  

c y c l i s e .  They d id  n o t e s t a b l i s h  w h e th e r  th e  p ro d u c t from th o se  

w hich d id  c y c l i s e  was th e  7 -  o r  th e  3 " iso m e r.

I t  ap p ea rs  t h a t  th e  a n i l s  o f  b e n z o y la c e to n e  behave in  

a m anner s im i l a r  to  th e  a c e ty la c e to n e  a n i l s ,  v /ith  re g a rd  to  th o se  

w hich  w i l l  undergo  c y c l i s a t i o n  and th o se  w hich w i l l  n o t ,  w ith  th e  

a d d i t io n a l  f e a tu r e  t h a t  a  methoDqr group p a ra  to  th e  n i t r o g e n  atom 

c o m p le te ly  i n h i b i t s  c y c l i s a t i o n .

Ar Hr

cHa

(R^ = OCH3 , no c y c l i s a t i o n ) .



l é .

B eyer39, in  h i s  o r i g i n a l  p a p e r  s t a t e d  th a t  th e  a n i l  o f  d ibenzoy lm ethane  

(R = H in  X II) c y c l is e d  to  2:4~ d ip h e n y lq u in o lin e  o n ly  v /ith  g r e a t  

d i f f i c u l t y .

o=-c.. ^

w

So g r e a t  i s  th e  a c t i v a t io n  p ro d u ced , how ever, hy th e  in t r o d u c t io n  

o f  a  ïïiethoxyl group p a ra  to  th e  p o in t  o f  ex p ec ted  c y c l i s a t i o n s ,  

t h a t  u n d e r  th e s e  c irc u m s ta n c e s  c y c l i s a t i o n  i s  accom ulished  in  vei;>  ̂

good y i e ld  and u n d er v e ry  m ild  c o n d itio n s . '^ - '

6 . The e f f e c t  o f  s t r e n g th  o f  m edia on c y c l i s a t i o n .

W M le in  m ost c y c l i s a t i o n s ,  w hich have been  s tu d ie d ,  

th e  s t r e n g th  o f  tlie  medium has n o t been  s p e c i f i e d ,  Woodv/ard and 

D oering^^  r e p o r te d  t h a t ,  in  txj/-ing to  c y c l i s e  th e  co n d en sa tio n  

p ro d u c t o f  m -hydroxyben ta ldehyde  w ith  a m in o a c e ta l to  g iv e  

7 -h y d ro x y is o q u in o le  in  s u lp h u r ic  a c id ,

th e  su c c e ss  o f  th e  c y c l i s a t i o n  was dependan t on th e  c o n c e n tr a t io n  

o f  th e  a c id ,  7 6 ^  s u lp h u r ic  a c id  b e in g  th e  s t r e n g th  w hich gave th e  

b e s t  y i e l d .
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I I  O b jec t o f  P r e s e n t  R e se a rch ,

A s tu d y  o f  th e  k i n e t i c s  o f  c y c l i s a t i o n  ofy5-p-{to lu id in (^  

p ro p e n y lm e th y l k e to n e  to  2 : 4 : 6  t r im e th y l  q u in o l in e  in  c o n c e n tra te d  

s u lp h u r ic  a c id  i n  o r d e r  to  o b ta in  f u r t h e r  in fo rm a tio n  c o n ce rn in g  

th e  mechanism o f  th e  r e a c t io n  and th e  p a r t  p la y e d  by th e  s u lp h u r ic  

a c id  in  th e  r e a c t io n .

The i n v e s t i g a t io n  in v o lv e d  th e  d e v is in g  o f  a  method by 

w hich th e  s u lp h u r ic  a c id  s o lu t io n s  c o n ta in in g  2 : 4 : 6  t r im e th y l -  

q u in o l in e  and u n ch an g ed /^ p -(^ to lu id in o ^ p ro p en y lm eth y  1 k e to n e  co u ld  

b e  a n a la y se d , and th e  m easurem ent o f  th e  r a t e  c o n s ta n t  f o r  th e  

r e a c t io n  i n  v a r io u s  p e rc e n ta g e  c o n c e n tr a t io n s  o f  s u lp h u r ic  a c id .
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I l l  i-^xperim entai S e c t io n .

1 , P r e p a ra t io n  and s to r a g e  o f  m a te r ia l s  and m edia.

( a j  H a t e r i a l s .  

liC e ty  1  ac e t  on e .

B e fo re  u se  th e  l i q u i d  was r e d i s t i l l e d  in  a  g la s s  a p p a ra tu s . 

The f i r s t  r in n in g s  w ere r e j e c t e d  and th e  b u lk  o f  th e  d i s t i l l a t e  

c o l l e c te d  as a c o lo u r le s s  l i q u i d  b .p .  1 3 9 ° c . 

p ~ T o lu id in e .

B.D.K. An a l a r  c r ^ 's t a l l i n e  p - to lu id in e  was c ru sh ed  and 

r e c r y s t a l l i s e d  from aqueous a lc o h o l  c o n ta in in g  30/C w a te r ,  by 

volum e. The c r y s t a l s  w ere d r ie d  in  a  vacuum c l^ ^ sÆ ato r o v e r  P 9O3

and p a r a f f i n  wax. I t  was u s u a l ly  n e c e ssa ig ' to  r e c i g r s t a l l i s e  two 

o r  th r e e  tim e s  b e fo re  p-rre c r y s t a l s  m .p . 4 2 ° c , w ere o b ta in e d . 

yO ( p - T o lu id in o  ] p ro p e iw lm e th y l K etone .

T h is  a n i l  was p re p a re d  by th e  method d e s c r ib e d  by R o b e rts  

and T u rn e r^ .

p-Tol u i d in e  -and a c e ty la c e to n e  (p re p a re d  as  above) w ere 

ta k e n  in  th e  r a t i o  o f  1  g. m o lecu le  p - to lu id in e  to  l . l g .  m o lecu les  

a c e ty la c e to n e  and b o i le d  g e n t ly  u n d er r e f lu x  f o r  two h o u rs . The 

c o o le d  p ro d u c t was tlio ro u g îîly  shalcen w ith  w a te r ,  benzene added, 

and th e  tv;o la j^ e rs  s e p a ra te d .  The benzene la y e r  was washed tivo 

o r  th r e e  tim es  iv ith  w a te r ,  d r ie d  o v e r  sodium s u lp h a te  and h e a te d  

to  lOO'^C u n t i l  a l l  th e  benzene  was rem oved. The a n i l  th e n  

s o l i d i f i e d  on c o o lin g  and was r e c r y s t a l l i s e d  tvd.ce from p e tro le u m  

e th e r  ( b .p .  4 0 -60°G ). The f i n a l  p ro d u c t m elted  a t
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(b] M edia and S o lu t io n s .

Su lp h u r ic  A cid ,

B.D,H. a n a la r  s u lp h u r ic  a c id  was u sed , i t  was ap p ro x im a te ly

98/  ryw.
The a c id  v/as s ta n d a rd is e d  and th e n  d i lu t e d  vrith  th e  amount 

o f  w a te r  c a lc u la te d  to  g ive  th e  r e q u ir e d  /  s u lp h u r ic  a c id .  I f  th e  

a c id  r e q u ire d  was s t r o n g e r  th an  th e  s to c k  s o lu t io n  th e  r e q u i s i t e  

amount o f  s u lp h u r  t r i o x i d e  was added. The a c id s  were s to r e d  in  

one l i t t «  b o t t e s  wdth ground g la s s  s to o p e r s .

N /1o S u lp h u ric  A cid  was p re p a re d  by d i lu t i n g  B n a la r  c o n c e n tra te d  s u lp h u r ic  

a c id  v d th  w a te r .

IN S u lp h u ric  A c id , B.D.H. IN s u lp h u r ic  a c id  was u sed .

H y d ro c h lo ric  A cid . K h y d ro c h lo r ic  a c id  v/as made up from th e  con- 

c e n t r â t ed a c id  by d i l u t i o n  w ith  w a te r .

Sodium H ydrox ide . Hopkins and W illiam s N/10 NaOH was u sed .

IN and 2N NaOH s o lu t io n s  were made up from ^ n a la r ,  p e l l e t ,  sodium 

h y d ro x id e . The IN s o lu t io n  was alw ays s ta n d a rd is e d  b e fo re  u se .

S l ig h t  v a r i a t io n s  in  th e  s t r e n g th  o f  th e  o th e r  two sodium h y drox ide  

s o lu t io n s  d id  n o t m a tte r  as th e y  were n o t u sed  f o r  q u a n t i t a t iv e  

e s t im a t io n s ,

F e r r i c  /umnonium S u lp h a te .

i in a la r  FeNH^^/$04)2 - IZHpO was u sed . 5^ and 6 .5 /  s o lu t io n s  

w ere p re p a re d  by w eigh ing  o u t 50 and 65  g . and d is s o lv in g  in  N/lO 

H2 5 0 4  in  1000 rnl f la s k s  and making up to  th e  mark w ith  N/10 H2504, 

The s o lu t io n s  v;ere f i l t e r e d  b e fo re  u s e .
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N/10 Sodium Borate.

9.536g. borax were dissolved in water by warming the 

mixture in a beaker. The solution was then transferred to a 

500 ml. standard flask and made up to the mark with water.

Acetylacetone Solutions.

Solutions containing amounts of ace ty lace tone of the 

order of 0.2 - 0.3 g. were prepared. The acetylacetone was 

v/eighed out into a 50 ml, standard flask from a dropping tube 

and dissolved in the required solvent. The solution was then 

transferred to the standard flask and made up to the mark.

2. Standardisation of Media.

Sulphuric acid was titrated against sodium hydroxide 

which was standardised against IN HCl. The hydrochloric acid was 

diluted to N/lO and standardised against an N/IO solution of sodium 

borate, methyl red being used as the indicator. The IN Wl was 

then used to standardise the IN NaOH using screened methyl orange 

as indicator.

The standardised IN NaOH was used to estimate the % 

sulphuric acid in the media. About Ig. of the medium was weighed 

out from a weight pipette and dissolved in about 25 mis. water and 

titrated against the IN NaOH using screened methyl orange as 

indicator. Hence the % sulphuric acid in the medium was calculated. 

Figures of the % sulphuric acid are given to the nearest 0.1^.
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Standardisation of N/lÛ HpSOif

N/10 H28O4 was standardised by titration with N/10 

Borax using methyl red as indicator.

3. Calibration of pipettes.

The 3ml. pipette used was calibrated by weighing the 

amount of water delivered by draining for a given time and, from 

this, calculating the corresponding volume. In 30 seconds at 

room temperature the pipette delivered 5̂ 0mls. water.

A grade B 2ml. pipette with the tip cut off to provide 

for more rapid delivery of the liquid was used for concentrated 

sulphuric acid. The pipette was calibrated for concentrated 

sulphuric acid, instead of water, in the same way, as the 5ml. 

pipette.

The pipette delivered the following weights of 

sulphuric acid in 30 seconds.

3.49g. 3A 9g. 3.49g. 3.48g. 3.49g.

Volume H2SOA delivered = 1.90 mis,

if. Estimation of the anil in the aliquots taken frcm the kinetic 
experiments.

In order to carry out kinetic experiments on the conversion 

of the anily^-^p-toluidino) propenylmethyIketone into 2: if: 6 

triraethylquinoline it  weis necessary to devise some method by which 

the percentage of the anil that had undergone cyclisation after any 

given time could be accurately deteimined. This could be accomplished 

by estimating either the amount of quinoline compound present or 

the amount of anil present in a sample of the reaction mixture at
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any given time.

The former method was considered preferable as this 

would lead to measuring directly the rate of formation of the 

quinoline compound rather than tlie rate of disappearance of the 

anil,

Roberts and Turner̂  had remarked that, when/S- (p-toluidino) 

propenylmethyl ketone is heated in concentrated sulphuric acid to 

produce 2:4:6 triraethylquinoline, and the reaction mixture poured 

into Water and potassium dichromate solution added, the quinoline 

compound is precipitated ats its dichromate salt. An attempt was 

made, therefore, to estimate the quinoline compound by precipitating 

it  as the dichromate and weighing the precipitate. The results 

obtained were unsatisfactory and gave no quantitative estimation 

of the quinoline compound, A further method of dissolving the 

precipitate in acid and estimating the amount of dichromate released 

by titration with ferrous ammonium sulphate also proved unsatisfactory. 

Other methods of estimating quinoline compounds were 

not suitable owing to the presence of anil in the samples. As 

it  did not, therefore, seem possible to estimate accurately the 

amount of quinoline compound present in the samples under the 

required conditions, i t  was decided to try to estimate the amount 

of anil present in the aliquots taken from the reaction mixture 

and hence find the amount of quinoline that had been formed.

In dilute acid solutions the anil is hydrolysed to
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p - to l u i d i n e  and a c e ty la c e to n e .  I t  was d e c id e d  t h a t ,  i f  th e  amount o f  

p ~ to lu id in e  p r e s e n t ,  a f t e r  a  sam ple from  th e  k i n e t i c  r e a c t io n  had been  

ru n  i n to  W ater, c o u ld  be  e s t im a te d ,  th e n  th e  amount o f  a n i l  p r e s e n t  

b e f o re  h y d r o ly s is  c o u ld  be c a l c u l a t e d .

I t  was found  t h a t  d i a z o 't i s a t i o n  o f  p - to l u i d i n e  and 

c o u p lin g  v /ith  ÿB -naphthol gave an o ran g e  c o lo u r ,  w hich  v a r ie d  in  

i n t e n s i t y  w ith  v a ry in g  c o n c e n t r a t io n s  o f  p - t o l u i d i n e ,  and th e  

o p t i c a l  d e n s i ty  o f  th e  s o lu t io n  c o u ld  be com pared w ith  t h a t  o f  

a b la n k  s o lu t io n  u s in g  a p h o to e l e c t r i c  a b s o rp t io r a e te r .  F u r th e r  

i n v e s t i g a t i o n  showed t h a t  a t  c o n c e n t r a t io n s  o f  p - t o l u i d i n e  above 

0 .8  m il l ig ra m s  p e r  I 5 0  cc o f  s o lu t i o n ,  a  s l i g h t  r e d  p r e c i p i t a t e  

was fo rm ed. T h is  o r e c i p i t a t e  d i s s o lv e d  i n  a c e t i c  a c id  and aqueous 

a lc o h o l  s o lu t i o n s .  W ith  a c e t i c  a c id ,  how ever, an in t e n s e  r e d  

c o lo u r  was form ed. When a lc o h o l  was u se d  to  d i s s o lv e  th e  p r e 

c i p i t a t e  no a p p a re n t  i n t e r f e r e n c e  w ith  th e  fo rm a tio n  o f  th e  c o lo u r  

to o k  p la c e .

S in c e  th e  s o lu t io n s  to  be  a n a ly s e d  f o r  p - to l u i d i n e  w ould 

a l s o  c o n ta in  a c e ty la c e to n e ,  th e  d i a z o t i s a t i o n  and c o u p lin g  w ith  

p -n a p h th o l  was c a r r i e d  o u t i n  th e  p re s e n c e  o f  e q u i-m o le c u la r  ~ 

q u a n t i t i e s  o f  p - to l u i d i n e  and a c e ty la c e to n e .  The c o lo u r  i n t e n s i t y  

d i f f e r e d  from  t h a t  o f  th e  s o lu t io n  c o n ta in in g  no a c e ty la c e to n e ,  

p ro b a b ly  b e c a u se  th e  d ia z o  compound r e a c te d  w ith  th e  a c e ty la c e to n e  

p r e s e n t .  T h is  m ethod o f  e s t im a t in g  th e  p - to lu id i .n e  th e r e f o r e  

seem ed im p r a c t ic a b le  u n d e r  th e  c o n d i t io n s  o f  th e  e x p e r im e n ts .

O th e r  c o u p lin g  r e a g e n ts  su ch  as  oK -naphthylam ine w ere 

t r i e d  and p ro v e d  u n s a t i s f a c t o r y .
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I t  was th e r e f o r e  d e c id e d  to  t r y  to  e s t im a te  th e  q u a n t i ty  

o f  a c e ty la c e to n e  p r e s e n t  i n  each  sam ple from  th e  k i n e t i c  e x p e rim en ts  

and hence th e  amount o f  a n i l  p r e s e n t  a t  th e  tim e  o f  w ith d ra w a l o f  

th e  a l i q u o t .

4 2
I n  1 9 0 4  P u l s i f e r  p u b lis h e d  a p a p e r  p u t t i n g  fo rw ard  a 

new m ethod o f  e s t im a t in g  f e r r i c  i r o n .  He s t a t e d  t h a t  in  

a c e ty la c e to n e  OH^COGHgCOCH  ̂ one o f  th e  hydrogen  atom s a t ta c h e d  to  

th e  c e n t r a l  ca rb o n  atom i s  e a s i l y  r e p la c e d  by  a  m e ta l and he u sed  

t h i s  r e a c t i o n  to  e s t im a te  sm a ll  q u a n t i t i e s  o f  f e r r i c  i r o n  in  

s o lu t i o n s ,  s in c e  th e  s a l t  fo rm ed w ith  a c e ty la c e to n e  h a s  a r e d  

c o lo u r ,  w h ich  can  be  d e te rm in e d  c o l o u r im e t r i c a l l y .  T h is  m ethod 

o f  e s t im a t in g  f e r r i c  i r o n  was a d a p te d  f o r  th e  e s t im a t io n  o f  

a c e ty l a c e to n e .

W ith a  s o lu t io n  o f  f e r r i c  ammonium s u lp h a te  i n  W/lO 

a c e ty la c e to n e  s o lu t io n s  g iv e  r e d  c o lo u r s ,  v/hich became more in te n s e  

as  th e  c o n c e n t r a t io n  o f  a c e ty la c e to n e  i s  in c r e a s e d .  W ith  f e r r i c  

c h lo r id e  a r e d  c o lo u r  was o b ta in e d  b u t  th e  o p t i c a l  d e n s i ty  o f  th e  

s o lu t io n  d id  n o t  v a r y  q u a n t i t a t i v e l y  w ith  th e  c o n c e n t r a t io n  o f  

a c e ty la c e to n e .

A s e r i e s  o f  s o lu t i o n s  c o n ta in in g  c o n c e n t r a t io n s  o f  

a c e ty la c e to n e  r a n g in g  from  0 .0 0 1 0 6 g . to  0 .0 0 7 4 2 g . i n  19 m is . N/1Q

Hp50^. w ere p r e p a re d  by ta lc in g  x  m is ( x = l , 2 ,3 ........... ) o f  a  s ta n d a rd

s o lu t i o n  o f  a c e ty la c e to n e  ( c o n ta in in g  0 . 2 6 3 7 g . i n  250 m is . N/IO 

H2 5 O4 ) and  ad d in g  ( l9 - x )  m is . N /10 H2 5 O4 . To each  s o lu t i o n  was 

added 1 m l. o f  a  s o lu t io n  o f  f e r r i c  ammonium s u lp h a te  i n  N /10 

HpSOZt. and , a f t e r  a l lo w in g  th e  s o lu t io n s  to  s ta n d  f o r  f i f t e e n  m in u te s
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so that development of the colour was complete, the optical 

density of each was compared with th%t of a blank containing 

19 mis, N/10 HpSO/̂  and 1 ml. ferric solution, using a "Spekker" 

photoelectric obsorptiometer with a sodium fitement lamp and a 

blue-green filter (No;603).

The absorption spectrum of the ferric-acetylacetonate 

solution had been previously plotted using a "Uvispek”, ultra-violet 

photoelectric obsorptiometer (Graphl.). The curve shows maximum 

absorption between the wave-lengths 4700 and 5000A’̂ and hence the 

blue-green filter  was used for the measurements with the "Spekker".

The results of the measurements made with the series of 

standard solutions are as follows :-

Solution 1 11 111 IV ! V
1

VI Vll

Volume acetylacetone) .
solution ) “  mis. 1 2 3

f
4 1 5 6 7

Volume n/10 H2SOA in mis. 18 17 16 15 14 :.3 12

Volume Pe+++ solution in mis. 1 1 1 1 1 1 1

"Spekker" reading. 0.081 3.168 0 .251 0J18 0,390 0.466 0 . 531.

The instrument records directly the value of the logarithm 

of the quotient of the optical densities of the two solutions 

(lo /l) and thus the graph of log (lo /l) against concentration of 

acetylacetone in the solutions was plotted and was found to be a 

straight line, showing that the solutions obeyed Beer's law over 

the range of concentrations chosen.
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V a r ia t io n  o f  lo g  ( l o / l )  vd.th v a r i a t i o n  o f  th e  amounts 

o f  f e r r i c  s o lu t io n  ta k e n  was shoim  by p l o t t i n g  th e  v a lu e  o f  lo g  

( l o / l )  f o r  a  s e r i e s  o f  s o lu t io n s  c o n ta in in g  5 m is. a c e ty la c e to n e  

s o lu t io n ,  ( 1 3 - x )  m is , N/lO  and. x m is . f e r r i c  s o lu t io n  (x = l,

2 ,3 ............... 9 ) .  The g rap h  h as l e a s t  s lo p e  o v e r  th e  ran g e  x=6 to

x=7 m is. and th e r e f o r e  i t  v/as d e c id e d  to  u se  6 . 5  m is. o f  5;2 f e r r i c  s o lu t io n  

o r  5 m is o f  (u3% f e r r i c  s o lu t io n  in  a l l  f u tu r e  c o lo u r im e tr ic  e s tim a 

t io n s  .

The g rap h  o b ta in e d  by  p l o t t i n g  log(^Tp/1 ̂ .g a in s t  th e  

n o rm a li ty  o f  th e  a c id  s o lu t io n  f o r  a  s e r i e s  o f  s o lu t io n s  c o n ta in in g  

3  m is . a c e ty la c e to n e  s o lu t io n ,  6 . 5  m is. f e r r i c  s o lu t io n ,  ( 8 . 5 -Xy m is. 

N/lC H250j^ and x m is . N H2SÛ4  o r  HpO ( x = l , 2 . . . )  showed t h a t  f o r  a 

sm a ll change in  n o rm a li ty  (w ith  r e s p e c t  to  th e  s u lp h u r ic  a .cid) th e  

o p t i c a l  d e n s i ty  o f  th e  f e r r i c - a c e t y l a c e t o n e  s o lu t io n s  changed q u i te  

a p p re c ia b ly .  Over th e  ra n g e  o f  n o r m a l i t i e s  0 .0 0 1 -0 .3 2 5 , l o g ( l o / l ^  

v a r ie d  from  0 .8 3 2  to  0 .4 2 4 . I t  was t h e r e f o r e  n e c e s s a ry  to  e n su re  

t h a t  th e  pH o f  th e  s o lu t io n s  was alw ays c o n s ta n t ,  i ; e :  1 . T h is  

was in  a cco rd an ce  w ith  P u l s i f e r ’s r e s u l t s ;  h e - s t a t e d  t h a t  in  s l i g h t l y  

a c id  s o lu t io n  th e  a d d i t io n  o f  even  one d ro p  o f  c o n c e n tr a te d  a c id  to  

th e  f e r r i c - a c e t y l a c e t o n a t e  re d u ce d  th e  i n t e n s i t y  o f  th e  c o lo u r .

As th e  pH o f  th e  f i n a l  s o lu t io n s  to  be  e s t im a te d  in  th e  

k i n e t i c  ex p e r im e n ts  had alw ays to  be 1 , th e  a l iq u o t s  had to  be 

n e u t r a l i s e d  ■with c a u s t i c  so d a  and th e r e f o r e  c o n ta in e d  c o n s id e ra b le  

q u a n t i t i e s  o f  d is s o lv e d  sodium  s u lp h a te  (betw een  0 . 5 2  and I . 5 6  g . ) ,  

and i t  was n e c e s s a ry  to  a s c e r t a in  th e  e f f e c t ,  i f  any , o f  th e  d is s o lv e d  

s a l t  on th e  o p t i c a l  d e n s i ty  o f  th e  c o lo u re d  s o lu t io n s .  P u l s i f e r



27.

had stated that quantities of inorganic salts to the amount of

0.2g. in 50 CO which furnished certain ions, among them Na'*’ and 

had no effect, but he had not made any statements regarding 

larger concentrations of dissolved salts. Accordingly a solution 

of 6,5g. Na2S04 in 500 mis N/lO H2SO4  was prepared, the following 

series of solutions made up and the o p t i c a l  densities compared with 

that of a blank containing N/lO H2SO4  instead of acetylacetone 

solution.

Solutions used:-

1, Acetylacetone solution in N/lO H2SO4  containing O.lg/250 mis 

solution,

2. 6 . 5 % P^4 (S0 4)2 . 12H20 in N/10 HgSÔ .,

3* Na2S04  solution in N/lO H2SO4  containing é,5g, Na2S02y 500 mis, 

solution.

1st, Series;-

Volume acetylacetone 
solution in mis.

[volume N/10 H2SO4  
in mis.

Volume Pe solution 
in mis. log (lo /l.

6 9 5 .727

5.5 9.5 5 .677

5 10 5 .630

4.5 10.5 5 .570

4 11 5 .503

3.5 11.5 5 .441

3 12 5 .376

2.5 12.5 5 .316



28,

2nd. S e r i e s : -

V o l .a c e ty la c e to n e  
s o lu t i o n  i n  m is .

V ol.N /lO H gS^L 
in  m is .

V o l. s o lu t io n  
in  m is .

Vol.W aoSfA
s o lu t io n  in  m is.

lo g
C lo /b

5 .5 5 .3 5 4 .5 5 8

5 6 5 4 .5 9 3

4 .5 6 .5 5 4 .5 4 2  •

4 7 5 4 .481

5 .5 7 ,5 5 4 .420

3 3 5 4 .3 5 6

2 .5 8 .5 5 4 .308

3 r d . S e r ie s

5 2 5 8 .5 9 3

4 3 5 8 .iiÆl

3 4 5 8 .366

T hese r e s u l t s  i n d i c a t e d  t h a t  some d i s s o lv e d  s a l t  had  an 

e f f e c t  on th e  c o lo u r ,  h u t  t h a t  th e  e f f e c t  d id  n o t  v a ry  w*ith th e  

amount o f  d i s s o lv e d  s a l t  p r e s e n t ,  T liis  was f u r t h e r  e s t a b l i s h e d  

by  p r e p a r in g  a n o th e r  s e r i e s  o f  s o lu t io n s  c o n ta in in g  a c e ty la c e to n e ,  

th e  f e r r i c  s o lu t i o n  and sodium  s u lp h a te  s o lu t io n  F o r th e s e  s o lu t io n s  

a  s o lu t i o n  o f  a c e ty la c e to n e  in  N/10 c o n ta in in g  0 , 204gms. in

500 m is , was u s e d , and 5 m is , 6 .5 ^  f e r r i c  s o lu t io n  i n  e ac h  c a s e .
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A th . f e r i e s :

V o l .a c e t y la c e t o n e  
s o lu t io n  in  m is .

V o l. N /10 H2SO4  
in  m is .

Vol.NapSOA 
in  m is .

lo g ^ T o / l ) lo  g q  0/ 1}  a f t e r  
1 h ou r.

6 9 - . 7 6 8

5 .5 9.5 - . 7 1 9 .7 1 9

5 10 ■ — . 6 5 0

4 .5 1 0 . 5 - .5 8 4 .5 8 4

4 11 - . 5 2 4

5 .5 1 1 . 5 — . 4 6 1 .4 6 0

3 12 - . 3 9 5

2 .5 1 2 .5 . 3 2 5

5 t h ,  S e r ie s  

6 1 8 .7 4 8

5 .5 1 .5 8 .6 8 9 .6 8 9

5 2 8 . 6 3 2

4 .5 2 .5 8 .5 7 4 . 5 7 3

4 3 8 . 5 1 1

3 .5 3 . 5 8 . 4 5 2 . 4 5 2

3 3 4 8 .3 8 8

2 .5 4 .5
I

8 . 3 2 7

-

6 th .  S e r ie s

5 7 3 . 6 3 2

4 8 3 . 5 1 0

3 9 3 .3 8 8

The f i n a l  sta n d a rd  graph was p rep a red  from t h e s e  r e s u l t s .  (Graph 2)
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B efo re  t h i s  m ethod co u ld  he u sed  in  th e  k i n e t i c  ex p e rim en ts  i t  

was n e c e s s a ry  to  a s c e r t a in  two f a c t s

(1 ) W hether th e  a n i l  was c o m p le te ly  h y d ro ly se d  to  a c e ty la c e to n e  

and p - to l u i d i n e  in  d i l u t e  a c id  s o lu t io n s  and,

(2 ) I f  th e  o th e r  p ro d u c ts  o f  th e  r e a c t io n  i n t e r f e r r e d  w ith

th e  fo rm a tio n  o f  th e  c o lo u r .

( l )  hnown q u a n t i t i e s  o f  a n i l  w ere d is s o lv e d  in  111 o r  2N

and a llo w ed  to  s ta n d .  The s o lu t io n s  w ere th e n  e x a c t ly  n e u t r a l i s e d  

vo-th c a u s t ic  so d a , B.D.H. U n iv e r s a l  i n d i c a t o r  b e in g  u se d , and 

s u f f i c i e n t  IN HgSûl. added to  make th e  a c id  s t r e n g th  n/ 10. The 

amount o f  a c e ty la c e to n e  p r e s e n t  in  a  sam ple o f  th e s e  s o lu t io n s  

was e s t im a te d  c o lo u r im e t r i c a l l y ,  b ^  p re p a r in g  th e  f e r r i c  a c e ty la c e to n e  

com plex, as  d e s c r ib e d  above, m easu rin g  i t s  o p t i c a l  d e n s i ty  and th u s  

c a l c u l a t i n g  th e  amount o f  a c e ty la c e to n e  p r e s e n t  from  com parison  w ith  

a s ta n d a rd  c u rv e .

.^ u a n tity  a n i l  
ta k e n .

How h y d ro ly se d . l o g ( lo /T . )  ^ fo h y d r o ly s is .

1 . 0 .3 7 9  g. I n  100 m is IN HpSOA 
f o r  2 h o u rs . N e u tra 
l i s e d  w ith  NaOH, 50 
m is, HpSOa added and 
made up to  5 0 0  m is 
w ith  HpO.

5m ls. f i n a l  
s o lu t io n  added 
to  5 m i s .6 .5  
P e + + + so lu tio n , 
10  m is,N / 1 0  
HgSOJi. R eadings 
. 6 1 0 ,

lo r re s p o n d s  to  , 
.0 0 9 7 9 ^ 1 0 0  m is . 
T h e o re t ic a l  v a lu e  
= .0 0 9 9 7 g ./ l0 0  mb, 

98.%3

2. O .lO O lg, d i t t o . 1 5  m i s , f i n a l  
s o lu t io n  added 
to  5  m is Pe+++ 
s o lu t io n .  
R e a d in g s .490

C o rresponds to  
, 0 0 7 8 5 g . / l 0 0  m is . 
T h e o r e t ic a l  v a lu e  
= . 0 0 7 8 2 g ./lO O . 

9 8 . 8 ^

3 , 0 .1 9 0 1  g. d i t t o . 1 0  m is f i n a l
s o lu t io n  added
to  5m ls,Fe+++
s o lu t io n  &
5  m is,N / 1 0  
Hg^O^'^^e ad in g

C o rresponds to  
,O l8 9 g./lO O  m is . 
T h e o re t ic a l  v a lu e  
= . 0 1 9 0 1 g . / l 0 0

9 9 .4 #
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These r e s u l t s  in d ic a te d ,  v r ith in  e x p e r im e n ta l e r r o r  t h a t  com plete  

h y d ro ly s is  o f  th e  a n i l  does ta k e  p la c e .

( 2 ) Sm all q u a n t i t i e s  o f  p - to lu id in e  and 2 :4 :6  t r i r n e th y lq u in o l in e  

w ere added to  s o lu t io n s  c o n ta in in g  known c o n c e n tr a t io n s  o f  a c e ty 

la c e to n e  and th e  f e r r i c  s o lu t io n  and th e  o p t i c a l  d e n s i ty  compared 

v /ith  th o se  c o n ta in in g  th e  same c o n c e n tr a t io n  o f  a c e ty la c e to n e  and 

■ ’e r r i c  s o lu t io n  h u t w ith o u t any o f th e  o th e r  two compounds. p -  

T o lu id in e  and 2 :4 :6  t r i r n e th y lq u in o l in e  have no e f f e c t  on th e  re d  

f e r r i c - a c e ty la c e to n e  c o lo u r .

In  o rd e r  to  a s c e r t a in  w h e th e r t h i s  method f o r  e s t im a t in g  

q u a n t i t a t i v e l y  th e  a c e ty la c e to n e  p r e s e n t  in  th e  sam ples gave 

s u f f i c i e n t l y  a c c u ra te  r e s u l t s  to  w a rra n t i t s  u s e ,  known q u a n t i t i e s  

o f  a  s ta n d a rd  s o lu t io n  o f  a c e ty la c e to n e  were ta k e n  and th e  a c e ty 

la c e to n e  e s tim a te d  p r a c t i c a l l y  by th e  method d e s c r ib e d  above. In  

th r e e  d i f f e r e n t  c a se s  th e  p r a c t i c a l  r e s u l t  was in  agreem ent w ith  

th e  t h e o r e t i c a l  c a l c u l a t i o n  to  vvith in  9 8 , 5^ 9 9 . 0^ .

The s o lu t io n  o f  a c e ty la c e to n e  u sed  was lg , /5 0 0  mls.HpO, 

5C m is, t h i s  s o lu t io n  w ere ta k e n  and 5 0  m is. 2TT HpSCk added.

Time l e f t  in
c o n ta c t  w ith  

a c id .
Method u sed  to  g iv e  
n/ 1 0  s o lu t io n . l o g a o / i . ) /  r e s u l t .

1 , 2 h o u r s .
1

i
To 100 m is , in  250m ls, 
f l a s k  65  mls.2MNaOH 
added. 2 5  m is. t h i s  
s o lu t io n  n e u t r a l i s e d  
w ith  1 ,4  m is , 2NNaOH,
5 mis BT H2 5 O4  added 
and made up to  5 0 m ls,

1 0  m l .a l iq u o t  
ta k e n , 5 m is. 
Pe*f-++3 o lu t io n ,  
5ml.N / 1 0  
HpSOi,. added. 
R e a d in g s .6 I I ,

C orresponds to  
0 . 0 0 l 9 8 gms/ 2 0  m is. 
T heor: v a lu e  ,002g /20  

99.0%
a cc u ra c y .
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Time l e f t  in  
c o n ta c t  w ith  

a c id .
Method u sed  to  g ive  

N/10 s o lu t io n . lo g  (,Io /l)i p  r e s u l t .

2 .N e u t r a l i s e d  
im m ed ia te ly .

To loo m is. in  250 
f l a s k  added. 64mls 
2t’lI'IaOH. Neut r a l i s e d  
2 5  m is v /ith  1 .1  m is 
N/10 HpStg 5m ls. 

IWHpS'A adaed and 
made up to  5 0  m is .

10 m l. a l iq u o t  
t r e a te d "  as N o .l  
Reaaingrr. 6 0 7 .

C orresponds to  
. 0 0 1 9 7 g f / 2 0  m is. 
Theor: v a lu e  
. 0 0 2 0 g . / 2 0

98.5%
a c c u ra c y .

3 . O v e rn ig h t. As f o r  exam ple 2. 1 0  m l. a l iq u o t  
t r e a t e d  as 
b e fo re .  
R ead in g s . 610.

C orresponds to  
.0 0 1 9 7  g/ 2 0  m is. 
Theor: v a lu e  
.0 2 2 0  g / 2 0  m is .

9 8 .6p a c c u ra c y .

The o p t i c a l  d e n s i ty  o f  th e  s o lu t io n s  d id  n o t v a ry  o v e r  a 

p e r io d  o f  a t  l e a s t  tv/o h o u rs , h u t i f  l e f t  s ta n d in g  o v e rn ig h t th e  

i n t e n s i t y  o f  th e  c o lo u r  d e c re a se d  somewhat.

The v a lu e  o f  th e  o p t i c a l  d e n s i ty  d id  n o t v a ry  w ith  th e  

o rd e r  in  v/hich th e  com ponents o f  th e  f i n a l  s o lu t io n s  w ere added h u t ,  

in  o rd e r  to  e n su re  com plete  c o n s is te n c y , th e  a c e ty la c e to n e  s o lu t io n s  

were alw ays added to  th e  s o lu t io n s  c o n ta in in g  th e  f e r r i c  ammonium 

s u lp h a te ,  s u lp h u r ic  a c id  e t c .

5 . R ecovery  o f  2 ; 4 : 6- t r im e th y l 4u i n o l i n e .

As i t  was p ro p o sed  to  s tu d y  th e  k i n e t i c s  o f  th e  c o n v e rs io n  

o f  a n i l  in  th e  q u in o l in e  compound by m easu ring  th e  r a t e  o f  d isa p p e a ra n c e  

o f  th e  a n i l ,  i t  was n e c e s s a ry  to  make c e r t a i n  t h a t  th e  p ro d u c t o f  th e  

r e a c t io n ,  th ro u g h o u t i t s  w hole cou i'se , v/as th e  2 : 4 : 6 - t r i r a e th y l 

q u in o l in e .  To do t h i s  I g ,  p - (p - 1ol u i d in o ) - p ro p en y lm e th y Ik e to n e  

was d is s o lv e d  in  1 0 m l. 90^? s u lp h u r ic  a c id  and l e f t  f o r  6 h o u rs .
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The s o lu t io n  was th en  poured  in to  100 m l. o f  v /a te r . A f te r  2 hours

i t  was c o o le d  in  ic e  and an ic e - c o ld  s o lu t io n  o f  0 . 0 5 g. sodium n i t r i t e

in  about 5 m l. o f  w a te r  added to  c o n v e r t any p - to lu id in e  r e s u l t i n g

from h y d ro ly s is  o f  unchanged a n i l  in  th e  d iazonium  s a l t .  The

s o lu t io n  was warmed to  c o n v e r t th e  d iazonium  s a l t  to  p - c r e s o l .

.A fter c o o lin g  I f g .  sodium h y d ro x id e  w ere added to  make th e  s o lu t io n  
6c

a lk a l in e  and 444»  o r e c i p i t a t e  th e  2 :4 : 6 - t r i r n e th y lq u in o l in e .  A f te r  

c o o lin g  th e  s o lu t io n  was e x t r a c te d  th r e e  tim es  w ith  e th e r .  The 

e th e r  e x t r a c t s  w ere com bined, washed v /ith  v /a te r  and d r ie d  o v e r  

anhydrous sodium s u lp h a te .  The s o lu t io n  was f i l t e r e d  and th e  e th e r  

d i s t i l l e d .  The y ie ld  o f  c ru d e  p ro d u c t was 8 4 .6 ^  th e  t h e o r e t i c a l  

y i e l d .  H .p t .  3 9 - 5 “'41 '5 ^ c , (m .p . p u re  2 :4 : 6 - t r im e th y l  q u in o lin e  1 5-

T liis  p ro d u c t was a n a ly se d  and a specim en r e c r y s t a l i s e d  from 

p e tro leu m  e t h e r  (4 0 - 6 0 ^ c ) .

A n a ly s is  -  c ru d e  p ro d u c t found C, 81.3/o; N, 8 .3 3 ^ .

r e c r y s t a l l i s e d  " " C, 8 4 .4 ^ ; H ,7.7192; N, 8 .5 1 ^ .

c a lc u la te d ,  C, 84.2^2; H ,7.65;^; N, 8.18^1

6 . E x p e rim e n ta l m ethod f o r  o b ta in in g  th e  k in e t i c  d a ta .

The c y c l i s a t i o n  was c a r r i e d  o u t a t  25°c in  a  th e rm o s ta t  

c o n t r o l l e d  to  0 .0 2 ° c ,  th e  te m p e ra tu re  b e in g  re a d  w ith  an N .P .L . 

c a l i b r a t e d  therm om eter.

The r e a c t io n  v e s s e l  was a 100 m l. round bottom ed f l a s k  

h av in g  a  w e l l - f i t t i n g  B. 24 s to p p e r .  The a n i l  was w eighed o u t 

in to  a B .24  cap .

A w eighed 50 m l, s ta n d a rd  f l a s k  was u sed  to  m easure o u t 

th e  medium. The f lq s k  v/as f i l l e d  to  w ith in  abou t I c c  o f  th e  mark,
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a llo w ed  to  s ta n d  in  t h e  th e rm o s ta t  u n t i l  th e  s u lp h u r ic  a c id  was 

a t 2 3 ^ 0  and was th en  made up to  th e  rnaxlc w ith  more HpS' A w hich had 

a ls o  been  warmed in  th e  th e rm o s ta t .

The KpS l- was th en  poured in to  th e  r e a c t io n  v e s s e l  which 

had been  s ta n d in g  in  th e  th e rm o s ta t  and th e  f l a s k  a llo w ed  to  d ra in  

f o r  about 3 0  seconds and th e n  rev /e ighed . Thus th e  v /e ig h t, and hence 

th e  volum e, o f  HpS'-A rem a in in g  in  th e  50 m l. f l a s k  co u ld  be c a lc u la te d .

To s t ; , r t  th e  r e a c t io n  th e  s to p -c lo c k  was s t a r t e d ,  th e  

r e a c t io n  f l a s k  removed from th e  th e rm o s ta t  and u n s to p p e re d , and 

a f t e r  one m inute (z e ro  tim e ) th e  cap c o n ta in in g  th e  a n i l  was p laced  

in  th e  f l a s k ,  th e  f l a s k  in v e r te d  and shaken v i gourously  u n t i l  a l l  

th e  a n i l  h a d 'd is s o lv e d  ( l  to  2 m in u te s ) .  T here was no a p p re c ia b le

change in  te m p e ra tu re  d u r in g  t h i s  tim e . The f l a s k  was r e p la c e d  in

th e  th e rm o s ta t ,  th e  cap removed and th e  a i r  in  th e  f l a s k  dravm o f f  

by means o f  a cone a t ta c h e d  to  th e  f l a s k  and th e  pump. T h is  was 

done to  rem ove, as q u ic k ly  a s  p o s s ib le ,  th e  b u b b le s  o f  a i r  p r e s e n t  

in  th e  l i q u i d  a f t e r  shald.ng.

When th e  l i q u i d  was c l e a r  th e  cone was removed and th e  ' :

s to p p e r  re p la c e d  u n t i l  sam pling  was n e c e s s a ry .

E ig h t a l iq u o t s  were removed from  th e  r e a c t io n  m ix tu re  in  j

th e  co u rse  o f  a  ru n . B efo re  s t a r t i n g  th e  experim en t e ig h t  100 m l. ;i

c o n ic a l  f l a s k s ,  each  f i t t e d  w ith  a  ru b b e r  bung, and c o n ta in in g  about , 4

-i
20 m is. w a te r ,  w ere p re p a re d . They w ere c o o led  in  a  tro u g h  o f  i c e .

The sam ples w ere removed by means o f  a  2 m l, p i p e t t e ,  h av in g  a  w ide j

d e l iv e r y  h o le ,  w hich was a llo w ed  to  d r a in  f o r  30 seco n d s. The

r e a c t io n  m ix tu re  was drawn in to  th e  p i p e t t e  by means o f  a  lo n g  p ie c e '-A
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o f  rixbber tu b in g . The a l iq u o t  was th en  ru n  in to  th e  co o led  v /a te r  

in  th e  100 m l. c o n ic a l  f l a s k ,  th e  s t a r t  o f  th e  d e l i v e r /  b e in g  used  

as th e  r e q u ire d  tim e . The c o n ic a l  f l a s k  v/as w e ll  shaken and 

re tu rn e d  to  ic e  u n t i l  th o ro u g h ly  c o o l a g a in . Betv/een sam plings 

th e  p i p e t t e  was a llo w ed  to  d r a in  and b e fo re  each  sam pling  i t  was 

c a r e f u l l y  w iped .

The sam ples w ere a llo w ed  to  s ta n d  f o r  two h o u rs  to  en su re  

com plete  h y d ro ly s is  o f  th e  a n i l  and th e  amount o f  a c e ty la c e to n e  in  

each  sam ple d e te rm in ed  c o lo u r im e t r ic a l ly  as d e s c r ib e d  p r e v io u s ly ,  

hence th e  q u a n t i ty  o f  unchanged a n i l  in  th e  a l iq u o t  was found . In

o rd e r  to  c a r ry  o u t th e  c o lo u r im e tr ic  e s tim a t io n  o f  a c e ty la c e to n e  

th e  s o lu t io n s  w ere t r e a t e d  as fo llo w s .

P e l l e t  c a u s t ic  so d a  (abou t 2 .5  gm) was added to  th e  

s o lu t io n s  k eep in g  them c o o l ,  u n t i l  th e y  w ere n e a r ly  n e u t r a l  and 

th e n  th e y  ne r e  made j u s t  a lk a l in e  by ad d in g , d rop  by d ro p , 2N 

NaOH from a b u r e t t e ,  u s in g  B.D.H. U n iv e r s a l  in d i c a to r  p a p e r . ( a t  

th e  n e u t r a l  p o in t  a  w h ite  p r e c i p i t a t e  o f  th e  q u in o lin e  compound 

b e g in s  to  a p p e a r ) .  The s o lu t io n s  v/ere made j u s t  a c id  a g a in  w ith  

IN H2 5 C4  and th e n  b ro u g h t to  th e  n e u t r a l  p o in t  w dth N/IO NaOH. 5 m is. 

o f  IN H2 5 O4  w ere added from a b u r e t t e  so t h a t  th e  f i n a l  s o lu t io n s  

would be N/10 w . r . t ,  HpSO^ and th e  s o lu t io n s  w ere f i l t e r e d  th ro u g h  

a  sm a ll f l u t e d  f i l t e r  p a p e r  in to  a  50 m l. s ta n d a rd  f l a s k ,  th e  

f i l t e r - p a p e r  and th e  c o n ic a l  f l a s k  b e in g  th o ro u g h ly  washed w ith  

w a te r ,  th e  w ash ings b e in g  p o u red  in to  th e  5 0  ml. s ta n d a rd  f l a s k .

The s o lu t io n  v/as made up to  th e  mark w ith  w a te r  and was read y  f o r
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e s t im a t io n ,  5 ,1 0 ,1 5  mis o f th e s e  s o lu t io n s  w ere tak en  depending  

on th e  amount o f  a c e ty la c e to n e  p r e s e n t  and w ere ra n  in to  5 m is . o f  

6.5/6 PelUiA( 5 - 4 ; 2 ' ^ i n  N/10 HpSCk s o lu t io n  and 1 0 ,5 ,0  m is. N/10

H2SC4.

The o p t i c a l  d e n s i ty  o f each  was comp r e d  m t h  a b la n k  

as d e sc rib e d " a b o v e .

The c o n c e n tr a t io n  o f  a c e ty la c e to n e  in  each  sam ple was 

re a d  o f f  from th e  s ta n d a rd  g rap h , hence th e  amount o f  a n i l  i n  each  

a l iq u o t  co u ld  be c a lc u la te d .

The r e a c t io n  was fo llo w e d  o v e r  75/2-85/2 o f  th e  r e a c t io n .

7 . C a lc u la t io n  o f  R e s a l t s .

The v e lo c i ty  c o n s ta n t  k was c a lc u la te d  by means o f  th e  

u n ira o le c u la r  e q u a tio n .

k t  = 2 .3 0 3  ( lo g  (a -x )  -  lo g a ) .  Where a i s  th e  i n i t i a l  

c o n c e n tr a t io n  o f  th e  a n i l ,  x  th e  amount o f  q u in o l in e  compound a t  

tim e  t .

A ll  c o n c e n tr a t io n s  w ere e x p re sse d  in  m oles l i t r e s  o f  

s o lu t io n ;  k was e x p re s se d  in  min] k was o b ta in e d  g r a p h ic a l ly  by 

p lo t t i n g  lo g  a g a in s t  tim e t  (w here = e q u iv a le n t  volume o f  

s ta n d a rd  a c e ty la c e to n e  s o lu t io n  and lo g  d i f f e r s  from  lo g  ( a - x )  

by a  c o n s ta n t  amount {3 , 3325) ,  and th e  s lo p e  o f  th e  r e s u l t a n t  s t r a i g h t  

l i n e  found .

E x p e rim en ts  w ere done in  d u p l ic a te  and agreem ent to  w ith in  

IvS was g e n e r a l ly  o b ta in e d .



Typical duplicate results were:- 

Expt. No. 11 and 12.

k = .0212  

.0212

Expt. No. 24 and 25.

37.

Cyclisation of the anil in 91.1/2 

H2S0î  at 25°C.

Cyclisation of the anil in 87.6  ̂

H2SO4  at 25°C.

k = .00742

.00741.

(See Graphs 3 (a) (h) (c) (d).).

8. Kinetic Results;-

All experiments were carried out at 25̂ c. The initial

concentration of the anil in sulphuric acid was 0.1002- 0.1005m.
Initial concentration 

Expt. No. % H2SO4 of anil. k .

8 93.1 0.1005  M 0/428

11 91.1 0.1003 M 02212

14 89.2 0.1005  M 0-P123

31 89.0 0.1004 M 0p106

25 87.6 0.1003  M 0.00742

18 86.3 0.1005  M 0.00445

28 85.5 0.1003 M 0.00330

21 84.5 0.1005  M 0.00239
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IV D isc u ss io n  o f  R e s u l t s ,

1 . Mechanism o f  c y c l i s a t i o n  r e a c t i o n s : -

In  i n v e s t i g a t i n g  th e  r a t e  o f  c y c l i s a t i o n  o f /3 - p - ( t o l u i d i n o ) — 

p ro p en y lm e th y l k e to n e  to  2 : 4 : 6- t r im e th y lq u in o l in e ,  i t  was a n t ic ip a te d  

t h a t  th e  r e a c t io n  mechanism would have c e r t a i n  f e a tu r e s  in  common 

w ith  o th e r  a c id - c a ta ly s e d  c y c l i s a t i o n s ,  and th e s e  a r e  c o n s id e re d  

f i r s t .

À mechanism o f  c y c l i s a t i o n  r e a c t io n s  p roposed  by B e r l i n e r ^ 3  

i s  based  on th e  b e h a v io u r  o f  ca rb o n y l compounds in  s t r o n g ly  a c id ic  

m edia and upon th e  co n cep t o f  c y c lo d e h y d ra tio n  as e s s e n t i a l l y  an 

i n t e r n a l  a ro m a tic  s u b s t i t u t i o n .  F o r example he c o n s id e re d  th e  

c y c l i s a t i o n  o f  o -b en z y lp h e n y l k e to n es  to  9 ~ a lk y l o r  9 - a r y l  s u b s t i tu t e d  

a n th ra c e n e s  o r  s u b s t i t u t e d  1 : 2 -b e n z y l a n th ra c e n e s  by r e f lu x in g  w ith  

34/0  hydrobrom ic a c id  and a c e t i c  a c id ,  a  r e a c t io n  w liich had p re v io u s ly  

been re c o rd e d  by E r a d s h e r ^ .

P r io r  to  B e r lin e r*  s p a p e r , Bergmann had su g g e s te d  t h a t ,  

as a  f i r s t  s te p  in  su ch  hydro carb o n  s y n th e s i s ,  é n o l i s a t io n  v/as e s s e n t i a l .

pn)
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but B e r l in e r  b e l ie v e d  th a t th e  n e u t r a l  en o l I I I ,  even i f  i t  were 

formed by a c id - c a t a ly s e d  é n o l i s a t io n ,  would n o t undergo c y c l i s a t i o n ,  

and th a t  io n i c  fragm en ts p lay  an im p ortant part as r e a c t io n  in te r m e d ia te s  

even in  c a s e s  where th e  i n i t i a l  and f i n a l  p ro d u cts  are n o n - io n ic  in  

c h a r a c te r . He th e r e fo r e  proposed  a mechanism b ased  on th e  a d d it io n  

o f  a p ro to n  to  th e  carb on y l oxygen fo llo w e d  by an e l e c t r o p h i l i c  

s u b s t i t u t io n  r e a c t io n .

P rev io u s  work o f  H^ntsch and Hamrnett^^ had shown th a t  in  

su lp h u r ic  a c id  ca rb o n y l compounds form s a l t s  as in  th e  ca se  o f  

aceto p h en o n e .

r ■f vaso^

A p roton  i s  tr a n s fe r r e d  from th e  a c id  to  th e  carb on y l 

group and th e  co n ju g a te  a c id  o f  th e  k eton e i s  p o s i t i v e l y  ch arged .

B e r l in e r  th e r e fo r e  su g g e ste d  th a t  th e  f i r s t  s te p  in  th e  c y c l i s a t i o n  

may be th e  fo rm a tio n  o f  th e  co n ju g a te  a c id  (IV ), w hich i s  th e  hyb rid  

o f  th e  two reso n a n t forms > G OW." R ing c lo su r e  b e in g

an e l e c t r o p h i l i c  a t ta c k  by th e carbon atom on th e  o p p o s ite  o r th o  p o s i t io n ,  

form ing a compound w hich r e a d i ly  s u f f e r s  d eh y d ra tio n .

Iv )
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T h is  mechanism does n o t r e q u i r e  é n o l i s a t io n  and no a c t iv e  hydrogen 

i s  n e c e s s a r y ; in  f a c t  a s im i la r  c y c l i s a t i o n  can be accom plished  w ith  

a compound w hich h as  no hydrogen atom a v a i la b le  f o r  é n o l i s a t io n .  

(S ch e ln k  and Bergrnann)^^*

a
^ 5
CC

.OH

2 -pheny lbenzophenone 9-p h e n y If lu o ren o 1 ,

B e r l in e r  n o te d  th a t  c y c l i s a t i o n  p ro ceed s  w ith  g r e a te r  

e a se  in  th e  a c r id in e  s e r i e s ;  e .g .  i f  th e  seco n d ary  amine 

o -a c e ty lp h e n y l  -  2 -  n ap h lh y lam in e  (V I) i s  d is s o lv e d  in  g l a c i a l  

a c e t i c  a c id  and a few d rops o f  c o n c e n tra te d  s u lp h u r ic  a c id  a re  

added, th e  r e a c t io n  i s  com pleted  a f t e r  a  s h o r t  h e a t in g ,  w hereas 

much lo n g e r  p e r io d s  a re  needed  in  th e  case  o f  h y d ro ca rb o n s .

Co

Cyii)

The amine group i s  much more s t r o n g ly  o r th o - p a r a - d i r e c t in g  th a n  

th e  m ethy lene group and an e q u iv a le n t  s t r u c tu r e  (V Il)  can  be w r i t t e n  

w ith  a  t r u e  n e g a tiv e  ch a rg e  in  th e  o r th o  p o s i t io n .  The seco n d ary  

amino group in  t h i s  medium i s  a p p a re n tly  n o t b a s ic  enough to  form 

th e  m e ta - d ir e c t in g  ammonium io n . I f ,  how ever, o n ly  s u lp h u r ic  a c id
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i s  u se d , h e a t in g  to  a h ig h e r  te m p e ra tu re  and f o r  lo n g e r  p e r io d s  

becomes n e c e s s a ry .

B ra d sh e r4 7 ,6  has a l s o  p roposed  a meclianism s im i la r  to  

t h a t  o f  B e r l in e r ,

B e r l in e r3 5  l a t e r  m easured th e  r a t e s  o f  c y c l i s a t i o n  o f  

some o r th o - a c y l  s u b s t i t u t e d  1 : 1  d i-p h e n y le th a n e s  to  a lk y l  a n th ra c e n e s .

The r e a c t io n  was c a r r i e d  o u t a t  133-134^*1 in  a  m ix tu re  

o f  b o i l i n g  a c e t i c  and hydrobrom ic a c id s  and T/as fo llo w e d  by p r e c i p i t a t i o n  

and v æ ig h in g  o f  tlie  p roduct a t  f ix e d  tim e  i n t e r v a l s .  The r e a c t io n  was 

f i r s t  o rd e r  w ith  r e s p e c t  to  th e  c y c l i s in g  compounds and th e  e f f e c t  

o f  th e  group H on th e  r a t e  was as shown beloTf.

R, M ethyl E th y l n -P ro p y l n -B u ty l n -P e n ty l n-Bexr/l Phenyl B enzyl,
K(rain') 4 .6  1 ,8  0 .9 9  0 ,3 5  0 ,3 6  0 .3 6  0 . l 6  0 .9 1 .

The in f lu e n c e  o f  th e  g roups was in te r p r e te d ,  in  term s o f  

th e  in d u c t iv e  e f f e c t  o f  th e  a l l y l  groups s t a b i l i s i n g  th e  carbonium  

io n , th e  e f f e c t  d e c re a s in g  to  a  l im i t in g  v a lu e  w ith  in c r e a s in g  le n g th  

o f  carbonium  c h a in . The p o s s i b i l i t y  o f  s t e r i c  e f f e c t s  was n o t  

r u le d  o u t.

B ra d sh e r  and V in g ie llo ^ ''^  l a t e r  m easured th e  r a t e s  o f
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c y c l i s a t i o n  o f s im i l a r  ty p e s  o f  compounds V J II ,

R

V III

fhey  c a r r ie d  o u t th e  r e a c t io n  in  g la s s - s to p p e r e d  tu b e s

in  a th e rm o s ta t  a t  1 1 7 . 5^0  and c o r r e c te d  th e  v /eigh t o f  p ro d u c t

i s o l a t e d  to  a llo w  f o r  s o l u b i l i t y  in  th e  c y c l i s in g  medium. The
/

fo llo w in g  r e s u l t s  w ere o b ta in e d ,

E li 0 2 %  p-C%CgH2, P-DrGghL 9 - ^ :6 %

H H
- I

K (h r ) ‘ 5 \ 0  7 0  
aIO ^

E

R

. K

G6H5

H

4 .4

H

30

C6H^

CH^

1 3

H

23

H

4 .2

H

4 .2

H

4 .1

H

2.8

C6H5

065^

1 3

They deduced t h a t  s t e r i c  f a c to r s  a s  w e ll  as  e l e c t r o n ic  

f a c to r s  may p la jf an im p o rta n t p a r t  in  d e te rm in in g  th e  r a t e  o f  

c y c l i s a t i o n ,

în i n t e r e s t i n g  c ase  o f  c y c l i s a t i o n  to  form  a h e te r o c y c l ic  

r in g  was c o n s id e re d  by H u isgen^^ . He found th a t  th e  a n i l  o f  

d ibenzoyIm ethane and ^ -n a p h t hy lam ine in  c o ld  c o n c e n tra te d  s u lp h u r ic  

a c id  g iv e s  th e  l in e a r ^ ty p e  c o n d e n sa tio n  p ro d u c t IX in  te n f o ld  ex cess  

o v e r  th e  a n g ia la r-ty p e  p ro d u c t X.

;7 (ix)
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T h is  r e s u l t  i s  s u r p r i s in g  in  v iew  o f  th e  loiown h ig h e r  r e a c t i v i t y

o f th e  ( i j  p o s i t io n  in  th e  n a p h th a le n e  r in g  and, to  account f o r  i t ,

H uisgen p o s tu la te d  th a t  b lo c k in g  o f  p o s i t io n  ( l ;  o c c u rre d  as a

r e s u l t  o f  s a l t  fo rm a tio n  in  c o n c e n tra te d  a c id  s o lu t io n  XI.

■^v»-c=CH-<;=o

--n g u lar r in g  c lo s u r e  i s  o b v io u s ly  n o t p o s s ib le  in  th e  s t r u c t u r e  XI. 

C o n firm a tio n  of' t h i s  view  i s  p ro v id e d  by th e  ^ ac t t h a t  u s in g  a 

hydro g e n - f re e  co n d en sin g  a g e n t, z in c  c h lo r id e ^  and h e a t in g  to  2 0 0 %  

a 6ojâ y i e l d  o f  th e  a n g u la r  d ip h e n y lb e n z y lq u in o lin e  i s  o b ta in e d , 

w ith o u t d e te c ta b le  q u a n t i t i e s  o f  th e  l i n e a r  iso m e r. H uisgen f u r t h e r  

o b se rv ed  t h a t  i n  s im p le  benzene d e r iv a t iv e s  th e  s a l t  s t r u c t u r e  XI 

i s  n o t  p o s s ib le  so t h a t ,  as m ight be ex p e c te d , th e  a n i l  o f  

/ 3 - a m in o te t r a l in  and d ib enzoy lrae thane  i s  c y c l is e d  to  th e  same 

te tra m e th y le n e  d ip h e n y l q u in o lin e  X II v /ith  e i t h e r  z in c  c h lo r id e  o r 

c o n c e n tra te d  s u lp h u r ic  a c id .

The l i n e a r  c o n d e n sa tio n  p ro d u c t i s  in  agreem ent w ith  th e  u s u a l ly  

p r e f e r r e d  p - s u b s t i t u t i o n  as a g a in s t  o - s u b s t i t u t i o n  (W aters) 50.

As i n  th e  k i n e t i c  s tu d i e s ,  c a r r i e d  o u t by B e r l in e r ,  and 

B ra d sh e r  and V in g ie l lo ,  th e  r a t e  o f  c y c l i s a t i o n  o f  ^ - p - ( t o l u i d i n o ) -
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p ro p en y lm e th y l k e to n e  to  2 : 4 : 6 - t r i r n e th y lq u in o l in e  i s  found to  he 

f i r s t  o rd e r  v /ith  r e s p e c t  to  th e  c y c l i s in g  compound. The r e a c t io n  

p ro ceed s a t  a m easu rab le  r a t e  a t  2 3 °C and th e  p l o t s  o f lo g  (a -x )  

a g a in s t  t  f o r  d i f f e r e n t  m edia a t  t h a t  te m p e ra tu re  a r e  re a so n a b le  

s t r a i g h t  l i n e s  a s  shown in  g rap h  3 . The r a t e  c o n s ta n t  in c r e a s e s  

wj.tb in c r e a s in g  a c i d i t y  as shov/n in  g rap h  4  and no medium v /ith  a 

maximum r a t e  was fo u n d , th e  r a t e  b e in g  im m easurably f a s t  a t  a l l  

h ig h e r  a c i d i t i e s  up to  and in c lu d in g  a b s o lu te  s u lp h u r ic  a c id .

B efo re  c o n s id e r in g  in  g r e a te r  d e t a i l  th e  mechanism o f  

t h i s  c y c l i s a t i o n  r e a c t io n  i t  i s  necessai^^ to  d is c u s s  th e  ta u to m e ric  

s t r u c t u r e s  w hich can  be u sed  to  r e p r e s e n t  th e  a n i l  and to  d e c id e  in  

w hat form i t  un d erg o es r e a c t io n .

2. Tautom erism  o f  a n i l s .

A n ils  o f  p rim ary  a ro m a tic  am ines and a c e ty la c e to n e  a re  

u s u a l ly  r e p re s e n te d  in  two ta u to m e ric  fo rm s.

X III

K etira ine  form . Enim ine form ,

in  w hich th e  k e tim in e  form  r e p r e s e n ts  c o n ju g a tio n  o f  th e  s id e  c h a in  

do u b le  bond w ith  th e  a ro m a tic  r in g ,  w h ile  th e  en im ine form r e p re s e n ts  

a  c o n ju g a tio n  betv/een 0 = 0  and 0 = 0  co n f in e d  to  th e  s id e  c h a in .

XIV
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ij i  e x te n s io n  o f  th e  c o n ju g a tio n  o f  X III  i s  p o s s ib le  by é n o l i s a t io n  

o f  th e  k e to  group (s e e  XV).

r
U v)

b u t on th e  o th e r  hand c o n ju g a tio n  o f  th e  u n sh ared  e le c t r o n s  o f th e  

N atom w ith  th e  r in g  i s  p resum ably  l e s s  l i k e l y  th a n  in  th e  en im ine 

form .

The s tu d y  o f  t h i s  ty p e  o f  tau tom erism  to  d e c id e  betw een 

th e  a l t e r n a t i v e  s t r u c t u r e s  w here p o s s ib le ,  h as been  e x te n s iv e ly  

u n d e r ta k e n  by V. Auwers and cow orkers . T h e ir  i n v e s t ig a t io n s  have 

in c lu d e d  th e  m easurem ent o f  th e  m o le c u la r  r e f r a c t i v i t y  and d i s p e r s iv i t y  

o f  many s c h i f f s  b a s e s  in c lu d in g  X III  above 5 1 ,5 2 . The o b s e rv a tio n  

o f  m o le c u la r  e x a l t a t i o n  in  in d iv id u a l  compounds was ta k e n  to  i n d ic a te  

th e  e x is te n c e  o f  th e  compound in  t h a t  ta u to m e ric  form  in  w hich 

c o n ju g a tio n  betw een a  C = 0 doub le  bond and a  C = 0 group o c c u rre d .

The m o le c u la r  r e f r a c t  i v i t y  o f  /S -a n i l in o p ro p  enylme t  hy lk e  t  on e 

was m easured by V. Auv/ers and Ju zem ih l ( l o c ; c i t : )  u s in g  b o th  th e  p u re  

compound and i t s  s o lu t io n  in  m e th y ln a p h th a le n e . U sing  th e  c a lc u la te d  

v a lu e  f o r  th e  m o le c u la r  r e f r a c t i v i t y  f o r  th e  en im ine form 

CH.COOEH^, th e  e x a l t a t i o n  v a lu e s  w ere 3*5 f o r  th e  p u re  compound aWvd 

3 .3 5  in  s o lu t io n .  They concluded  th a t  t h i s  m ust be th e  s t r u c t u r e  

o f  th e  compound s in c e  th e r e  i s  h e re  c o n ju g a tio n  betw een th e  G = C 

bond and th e  G = 0 group and in  a d d i t io n  betw een  th e  N atom and th e  

benzene r in g .  However in  t h i s  case  th e  ev id en ce  i s  n o t c o n c lu s iv e
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s in c e  i f  th e  c a lc u la te d  v a lu e s  o f th e  m o le c u la r  r e f r a c t i v i t y  f o r  th e  

two ta u to m e r ic  s t r u c t u r e s  XIV and XV a re  compccred, th e  d i f f e r e n c e  

betw een them i s  o n ly  0 , 1 3 5  compared v û th  th e  e x a l t a t i o n  o f  3 «5 f o r  th e  

pu re  compound, i . e .  b o th  s t r u c tu r e s  s a t i s f y  th e  h ig h  e x a l t a t i o n  found .

The c a lc u la te d  v a lu e s  f o r  th e  two s t r u c t u r e s  d i f f e r  o n ly  i n  th e  con

t r i b u t i o n  o f  th e  N and 0  atoms w hich a re  d i f f e r e n t l y  bound in  each  

c a s e .

These a r e  in d ic a te d  b e lo w ;-
M

XIV Cgh5 Ÿ = CH = 0 .  Secondary  N 2.495
GH3 CH3  = 0 ^ 2 1 1

4 . 7 1 0

XV G6H3 -  N = G -  OH = G  -  cm - N =  3 .0 5 " ^
CH3 CK5 "  °  "  1 . 5 2 5

U 5 7 5

^ V ,  Auwers and S uzem ih l B er 1930. §2  ^  p . 1076 . o th e r  v a lu e s  a re  

tak en  from Gilman* s ’’O rgan ic  G hem istr)^” John  W iley and Sons 2nd.

1943 V ol I I  p . 1 7 5 1 .

3. The N a tu re  o f th e  a n i l  in  s u lp h u r ic  a c id  s o lu t io n s .

I n  c o n s id e r in g  th e  mechanism o f  th e  c y c l i s a t i o n  o f  th e  

/ 3 - (p ~ to lu id in o )> ro p e n y lm e th y l k e to n e  to  2 :4 :6  -  t r i r a e th y lq u in o l in e  

in  c o n c e n tr a te d  s u lp h u r ic  a c id ,  i t  can b e  assumed t h a t  r e a c t io n  

o c c u rs  in  a c a t i o n i c  s p e c ie s .  Of some re le v a n c e  in  t h i s  c o n n e c tio n  

i s  th e  o b s e rv a t io n  made by Schw arzenbach and W itte r5 3  t h a t  a c e ty  la c e  to n e  

h as  an e n o l c o n te n t o f  ab o u t 7 5 )? in  c o n c e n tra te d  s u lp h u r ic  a c id ,  

a lth o u g h  i t  i s  o n ly  ab o u t I 5 . 5;? e n o l is e d  in  w a te r . T h is  i s  a t t r i b u t e d  

to  th e  reso n an ce  s t a b i l i s a t i o n  o f  th e  e n o l ic  c a t i o n ^  as  shown

0----------H-------- CH----------------------------- |0-------— H-.... OH r. I

GH3 -  G = GH -  G -  GH3  GH3 - C  -  GH = G -CH3
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The k e to n ic  c a t io n  can n o t be s t a b i l i s e d  in  t h i s  way, o n ly  th e  

s t r u c t u r e  shoi/in b e in g  p o s s ib le .
e
OK------------------------   -  -

OH3 — o ------------— ---- -------c -

c o n s id e r in g  th e  a n i l  in  c o n c e n tra te d  s u lp h u r ic  a c id  and assum ing 

f i r s t  t h a t  th e r e  i s  o n ly  a s in g le  p ro to n  up talee, e i t h e r  ta u to m e r ic  

form XIV o r  ]CV can  g iv e  s t r u c t u r e s  analogous to  th e  e n o l ic  c a t io n  o f  

a c e ty la c e to n e .

?i

M  ( X N / l  )

'C H

XVI and ]CVII a re  re so n a n c e  s t r u c tu r e s  which can be w r i t t e n  f o r  th e  

c a t io n ,  tivo o th e r  c o n t r ib u t in g  s t r u c tu r e s  a re  XVIII and XIX.

H
C x\m ) ( \ i x )
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L o c a tio n  o f  th e  p ro to n  on th e  IT atom o f s t r u c tu r e  XIV 

would n o t p erm it such charge sp re a d in g  as in  XVI.

The c y c l i s a t i o n  r e a c t io n  can  th u s  he assumed to  p roceed  

th ro u g h  th e  c a t io n ic  form  re p re s e n te d  hy s t r u c tu r e s  >CVI to  XIX. 

a l t e r n a t iv e ,  b u t rem ote p o s s i b i l i t y ,  however i s  t h a t  th e  a n i l  io n is e s  

in  s u lp h u r ic  a c id  by th e  fo llo w in g  s te p s ,

( x x )

_n e x p e rim e n ta l t e s t  can d ec id e  betw een th e se  a l t e r n a t iv e s  based  

upon w h eth er th e  r a t e  c o n s t;m t k , i s  r e l a t e d  to  Hammett’s a c id i ty
—- f

f u n c tio n  HQ^^^br to  th e j fu n c t io n  d e f in e d  by Gold and Hawes55. The \  

c o r r e l a t io n  o f  k , w ith  depends on th e  c y c l i s a t io n  p ro ceed in g  th rough  

th e  c a t io n  r e p re s e n te d  by th e  s t r u c tu r e s  XVI to  XIX and w i th J^on th e  c a t io n  

r e p re s e n te d  by XX.

L e t [xj-|. = t o t a l  a n i l  c o n c e n tra tio n

[aH^] = c o n c e n tra t io n  o f  c a t io n  re p re s e n te d  by s t r u c tu r e s  

XVI to  XIX.

D 'l  ]  = c o n c e n tra t io n  o f  c a t io n  r e p re s e n te d  by s t r u c tu r e  XX 

[a ]  = c o n c e n tra t io n  o f  u n io n ise d  a n i l .

= e x p e rim en ta l v e lo c i ty  c o e f f i c i e n t  f o r  a  g iv en  medium, 

k  = t h e o r e t i c a l  v e lo c ity ; c o e f f i c i e n t ,  assumed c o n s ta n t 

o v e r th e  range o f m edia c o n s id e re d .
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4 . R e la t io n  betv/een le, and bp

E xperim enta lly  in  any given medium the re ac tio n  i s  f i r a t  order 

w ith  respect to  the a n i l .

Experim ental ra te  = A 

I f  the re ac tio n  proceeds through the c a tio n  represented by s tru c tu res  

XVI to  :ax.
T h e o re tic a l ra te  = h . [ iiH ^

Equating th e s e  r a t e s : -

A ]-r  = I + [ a ]  (1 )k =

IT
V [n M

assuming th a t the a n i l  can be tre a te d  as a Hammett -  type base 

( i . e .  i f  B represents the base, i t  takes up a simple proton to 

form BH+ w ithout fu r th e r  change),

H. = + lo g  [ a ]CM
where pK^is the n egative  logarithm  o f the d is s o c ia tio n  constant 

o f the acid  Æ + ad defined by Hammett (lo c : c i t : ) .

L e t Hp = -  log  h^ 

then -  log  h^ = -  log  + log  [ a  ]

o r Kc\ = I^A J

 ̂ [^■^1

s u b s titu tin g  in  ( l )  fo r

k

k,

ex. (2)
h
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5. R e la t io n  betv/een k , and Jp  .

A ssum ng th a t  th e  r e a c t io n  p ro ceed s th rough  th e  c a t io n  

re p re s e n te d  by th e  s t r u c tu r e  XX, a s im i la r  tre a tm e n t to  th a t  above 

g iv e s  f i r s t : -

k  = + [a ]  ( 3 )

assum ing th a t  th e  a n i l  io n is in g  in  t h i s  form can be t r e a t e d  as  a 

tr ip h e n y lc a rb o n o l- ty p e  compound (o r  as n i t r i c  a c id  which io n is e s  

in  s u lp h u r ic  a c id  to  g iv e  th e  d eh y d ra ted  cationFO^,'

‘̂ 0 — ^ l^ S  p

Where pF ^ is  th e  n e g a tiv e  lo g a r ith m  of O ^ s  d e f in e d  by Gold

and Hawes ( lo c :  c i t : ) .

L et Jp = -  lo g  3o 

-  lo g  = -  lo g  K + lo g
[A -]

A  = WM
s u b s t i t u t i n g  in  ( 3 ) fo rC i]

M

k = + K (4)

jo

From e q u a tio n s  (2 ) and (4 ) i t  i s  e v id e n t t h a t  a  p lo t  o f  1 a g a in s t
k,

1  and a g a in s t  1  f o r  th e  ran g e  o f  m edia s tu d ie d  sho u ld  d i s t in g u is h  

betv/een th e  a l t e r n a t iv e  m echanism s, s in c e  in  o n ly  one case  sh o u ld

th e  p lo t  g ive  a  s t r a i g h t  l i n e  r e l a t io n s h ip .
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V alues o f  v/ere o b ta in e d  from th e  t a b le s  f o r  g iven

by heno and ï a f t l ^  and o f from r e s u l t s  o f  th e  io n i s a t io n  o f

t r i a ib / l c a r b in o l  in d ic a to r s  in  s u lp h u r ic  a c id -w a te r  m ix tu re s  g iven

by Murray and W 'illiam s^^ and from v a lu e s  o f  g iven  by Gold and

Hawes ( l o c : c i t : ) .

The p lo t  o f  1 a g a in s t  1 g iv es  a  s t r a i g h t  l i n e ,  t h a t  o f 
k , ho

1 a g a in s t  1 a smooth curve (g rap h  5 ) .  I t  can be concluded th e r e fo r e  
Do

t h a t  c y c l i s a t io n  o ccu rs  th ro u g h  th e  c a t io n  re p re s e n te d  by s t r u c tu r e s  

XVI to  XIX.

6 . The mechanism o f t he cr/cl i s a t i o n  r eac t io n :  -

The c y c l i s a t io n  r e a c t io n  can presum ably be reg a rd ed  as 

p ro ceed in g  th ro u g h  th e  fo llo w in g  s te p s  : -

CM,

Ho

V/

(L)

,© ©'•CjH

H

AM

H

f

H

/  CH,

Ca)

+  H a O

H

CH-

ÇH

H
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S in ce  th e  p ro d u c t i s  o b ta in e d  in  th e  form o f  th e  q u in o lin e  c a t io n ,  

th e  f in a .1 s te p  does n o t in v o lv e  th e  ex p u ls io n  o f  a p ro to n  as i s  

u s u a l ly  th e  case  in  e le c t r o  > h ilic  s u b s t i t u t i o n  o f  a ro m atic  compounds, 

b u t th e  rem oval o f  a m olecu le  o f  v /a te r ,

7 . Anils j  f a i l i n g  to  c y c l i s e :  -

In  th e  f i r s t  s e c t io n  re fe re n c e  was made to  c e r ta in  a n i l s  

w hich f a i l  to  c y c l i s e  under s u i t a b le  c o n d i t io n s ,  imong th e se  a re  a 

sm a ll number, n o t s u b s t i tu t e d  in  th e  n u c le u s , w liich have in  common 

th e  absence o f  a m ethyl group a tta c h e d  to  th e  carbon  atom o f  th e  

s id e c h a in  a d ja c e n t to  th e  N atom.

These a n i l s  a r e ; -

Co.)

-I CH

CH:
O'SiÇ

H

2 - fo rm y l acetophenone 
(O la ise n  & F is c h e r^ ^ ) .

■V.

2-fom %ri cylcohexanone formy lace tone
(Borsche58 ) (T h itle p a p e  18) .

(R=H) -  t h i s  g iv e s  a  v e ry  p o o r y ie ld
on a ttem p ted  c y c l i s a t io n ,  b u t 
w ith  R = OMe, a  v e ry  good y ie ld  
i s  o b ta in e d  u n d er m ild  c o n d itio n s

d ibenzoylm ethane 
( Lempert and R o b in so n ^

The co rre sp o n d in g  compounds w ith  a m ethy l group in  p la c e  

o f  th e  hydrogen o f  th e  m eth ine group c y c l i s e  r e a d i ly  to  th e  co rre sp o n d in g  

2 -q u in a ld in e  d e r iv a t iv e s .  The in f lu e n c e  o f  th e  m ethy l group m ight 

be i n t e r p r e t e d  as f a c i l i t a t i n g  th e  fo rm a tio n  o f  th e  t r a n s i t i o n  s t a t e  

s in c e ,  as can  be seen  below , th e  fo rm atio n  o f  th e  t r a n s i t i o n  s t a t e
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r e q u ir e s  th e  a^:pearance o f an -d o u b le  bond. The c a p a c ity  o f  th e  

m ethyl group f o r  h y p e rc o n ju g a tio n  w ith  t h i s  bond would h e lp  th e  lov/er 

ener,fp7 o f  fo rm a tio n

Ho%Y
O R C \i

However one m ight e x p e c t t h a t  th e  rep lacem en t o f  th e  m ethyl group 

by a pheny l group would be even more e f f e c t iv e  in  such  a c a s e , b u t 

t h i s  i s  n o t so , s in c e  i t  has  been  found e x p e r im e n ta lly  th a t  (d ) R= H 

c y c l i s e s  in  veiwy p o o r y i e ld .  The e x p la n a tio n  h e re  may be concerned  

w ith  th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  s t r u c tu r e s  (e )  and ( f )  on th e  

one hand and (g ) and (h ) on th e  o th e r .

! CO

W o  CH-A' Ho

V
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The c o n ju g a tio n  he tween th e  two pheny l groups in  (g ) shou ld  be

much s tro n g e r  th an  th a t  betw een th e  phenyl and m ethyl group in

(e )  and s im i la r ly  t h a t  betw een th e  pheny l group and th e ^ ^ -d o u b le -  

bond in  (h) much s t r o n g e r  th an  tlia .t betw een th e  m ethy l group and 

th e  -d oub le-bond  in  ( f ) ,  Ih ir th e r  a l a r g e r  amount o f  energy shou ld

re q u ire d  to  o b ta in  (h ) from (g ) th a n  ( f )  from ( e ) ,  s in c e  th e  fo rm er

in v o lv e s  a d i f f e r e n c e  betw een two r e l a t i v e l y  la rg e  q u a n t i t i e s  w liile  

th e  l a t t e r  in v o lv e s  a d i f f e r e n c e  betw een two s m a lle r  q u a n t i t i e s  (e )  

sh o u ld , t h e r e f o r e , a t t a i n  th e  t r a n s i t i o n  s t a t e  more r e a d i ly  th an  (g)
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Lô Vjc).

i?xpb  V\Iô: (51. o^ *35"

U - a-3o:s X 3g  
31.

. . _i
R  ̂ o* oam »vMi\

l u M

_3 . ■:•■;.■ i.ixj- «-tt±T,mt. mmules.



j4 - —

1 I
T̂4Î-

Ri

I

a
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