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fruimnary
The n a tu re  o f  th e  c h e la t e  compounds formed by  t r a n s i t i o n  
m eta l io n s  w ith  o x a l o a c e t i c  a c id  in  aqueous s o l u t i o n ,  has  
b een  in v e s t i g a t e d  s p e c t r o p h o t o m e t r ie s l ly  and p o t e n t io m e t r ic a l ly *  
The mechanism o f  th e  c a ta ly s e d  r e a c t io n  has b een  c l a r i f i e d *

Thermodynamic in fo r m a tio n  on th e  k e to n ic  c h e la t e  
compounds, which a re  th e  c a t a l y t l c a l l y  a c t i v e  s p e c i e s  in  
d e c a r b o x y la t io n ,  has been  o b ta in ed  by  m easuring a s s o c i a t i o n  
c o n s ta n ts  f o r  d im eth y1o x a l o a e e t i c  a c id  ( XI) (w hich  cannot  
e n o l i s e ) , and comparing th e s e  w ith  th e  known a s s o c i a t i o n  
c o n s t a n t s  f o r  o x a l o a c e t i c  a c id  ( I )•

H02C.C0*CH2*002H ( I )  Ii02C*C0.C(Me)2 .CQ2H ( l l )

S p ee tro p h o to m etr ic  s t u d i e s  have dem onstrated th e  p resen ce  
o f  e n o l i e  c h e la t e  compounds which are  not d e e s r b o x y ls t e d .  
Approximate v a lu e s  f o r  th e  p r o p o r t io n  o f  e n o l i c  complex f o r  
o x © lo a c e ta te  c h e la t e s  o f  Ce2* ,  ivln2 * ,  Zn2* ,  Co2+, N i2* and Cu2* 
have b een  obta in ed *

S p ee tro p h o to m e tr ic  measurements on th e  c h e la t e  
compounds o f  o x a l o a c e t i c  a c id  ( I ) and i t s  e t h y l  e s t e r  ( i l l ) ,

HOgC.CO.CHg.COgBt ( I I I )

which cannot d e c a r b o x y la te ,  have shown th a t  o x s l o a c e t a t e  
c h e la t e  compounds are  formed v e r y  rap id ly*  The r i s e  o f  
o p t i c a l  d e n s i t y  (2 7 0  m/^) w ith  time to  a maximum? produced  
by a d d i t io n  o f  some m etal io n s  to  aqueous s o l u t i o n s  o f  
o x a l o a c e t i c  a c id ,  i s  due to  th e  p r o d u ct io n  o f  an e n o l i c  
pyru vate  in te r m e d ia te .  The mechanism o f  d e c a r b o x y la t io n ,  
may b e  r e p r e se n te d  b y ,
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The changes o f  o p t i c a l  d e n s i t y  w ith  tim e ape c o n s i s t e n t  
w ith  th e  above r e a c t io n  scheme.

I n h i b i t i o n  o f  d e c a r b o x y la t io n  a t  h ig h  copper io n  
c o n c e n tr a t io n s  has "been found to  o c c u r ,  and th e  r e s u l t s  
a r e  r e la t e d  to  p r e v io u s  p o te n t io r a e tr ic  s t u d ie s  o f  th e  
copper c h e l a t e s .  I n h i b i t i o n  a t  h ig h  pii ( > 6 ) i s  due to  
th e  p r o d u ct io n  o f  k i n e t i c s l i y  i n a c t i v e  e n o l i c  com p lexes.

-ooO oo-

The a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n  o f  o x a l o a c e t i c  
a c id  has b een  s tu d ie d  by m snom etric , s p e e tr o p h o to m e tr ic ,  
and p o t e n t io m e t r ic  m ethods.

Experim ents w ith  th e  h a l f  e s t e r  o f  o x a l o a c e t i c  a c id  
( I I I ) ,  have shown th a t  in  aqueous s o l u t i o n ,  th e  in te r m e d ia te  
i s  th e  k e t im in e  h yd rate  ( a )•

ow
I

HO^C.O.CH^.CO^H ( a )



K in e t ic  measurements have dem onstrated t h a t  th e  r a te  
o f  th e  a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n  p a s s e s  through  
a maximum a t  around pH k* The pH-Rste p r o f i l e  i s  
c o n s i s t e n t  w ith  a e a t a l y t i c s l l y  a c t i v e  s p e c i e s  ( B ) ,  
th e  f a l l  In  r a te  a t  pH g r e a t e r  than k$ B e in g  a t t r ib u t e d  
to  i o n i s a t i o n  a c co r d in g  to  th e  e q u a t io n

OH OH
1 1 -  * Q2C.C.CH2.CGa ------^ 0 2C.C.CH2 ,C02 ♦ H

*h J<0 (B) Hi$

K in e t ic  measurements have shown th a t  th e  k e tim in e  hyd rate  
i s  p r e s e n t  o n ly  in  sm a ll  amounts, under th e  exp er im en ta l  
c o n d i t io n s  u sed , and th a t  i t  l o s e s  C0 2 i n  th e  r a t e -  
d e ter m in in g  s t e p .

In  aqueous s o l u t i o n  th e  mechanism i s  o f  th e  t y p e ,

°v\ ^ 1 o .
C - O - C H . -  c v  ____ > 0 m o + VC -C ~C H ,- + Co

I V j /  x  0 -  2 “o '  < 2 2
0 OH 0

l a  e th a n o l ,  exp er im en ts  w ith  e a t e r s  ( I I I )  and (IV )

EtO^.CO.CHg.COgBt ( IV)

have shown th a t  th e  c a t a l y t i c s l l y  a c t i v e  s p e c i e s  i s  th e  k e t im in e  
( C ) .  T h is  compound i s  formed in  q u a n t i t a t i v e  y ie ld *

HOgCeG.GHg.GOgH

0  (C)

The a n i l i n e  s a l t  o f  compound ( A) ,  and th e  d i e t h y l  e s t e r  
d e r i v a t i v e  o f  (G) have Been I s o l a t e d .

The fo rm a tio n  o f  th e  k e tim in e  has Been s tu d ie d  
s p e c t r o p h o t o m e t r ie s l ly  and shown to  Be k i n e t i c s l l y  second  
o r d e r .  The r a te  o f  fo rm a tio n  o f  th e  k e tim in e  i s  eq u a l to



th e  r a te  o f  d e c a r b o x y la t io n , in d ic a t in g  th a t  in  e th a n o l ,  
th e  f o m a t io n  o f  th e  k e tim in e  i s  th e  r a t e - c o n t r o l l in g  
s t e p  in  d e c a r b o x y la t io n .

M etal io n  and amine c a t a l y s i s  have b een  compared 
w ith  th e  m eta l io n  a c t iv a t e d  enaym atie d e c a r b o x y la t io n  
o f  some b i o l o g i c a l l y  im portant k e to  a c id s*
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Summary

The natu re  o f  th e  c h e la t e  compounds formed by t r a n s i t i o n  
m etal io n s  w ith  o x a lo a c e t i c  a c id  in  aqueous s o l u t i o n ,  has 
been i n v e s t i g a t e d  s p e c tr o p h o to m e tr ic a l ly  and p o t e n t i o m e t r i c a l l  
The mechanism o f  th e  c a ta ly s e d  r e a c t io n  has been  c l a r i f i e d .

Thermodynamic in fo r m a tio n  on th e  k e to n ic  c h e la t e  
compounds, which are  the  c a t a l y t i c a l l y  a c t i v e  s p e c ie s  in  
d e c a r b o x y la t io n ,  has been  ob ta in ed  b y  measuring a s s o c i a t i o n  
c o n s ta n ts  f o r  d im e th y lo x a lo a c e t ic  a c id  ( I I ) (vdiich cannot  
e n o l i s e ) ,a n d  comparing th e s e  w ith  the  known a s s o c i a t i o n  
c o n s ta n ts  f o r  o x a lo a c e t i c  a c id  ( l ) .

H02C.C0.CH2.C02H ( I )  H02C.C0.C(Me)2.C02H ( I I )

S p ectrop h o to m etr ic  s t u d i e s  have dem onstrated th e  p r e sen ce  
o f  e n o l i c  c h e la t e  compounds which are  not d e c a rb o x y la te d .  
Approximate v a lu e s  f o r  th e  p r o p o r t io n  o f  e n o l i c  complex f o r  
o x a lo a c e t a t e  c h e la t e s  o f  Ca2+, Mn2* ,  Zn2* ,  Co2* ,  N i2* and Cu2* 
have b een  obtained*

S p ec tro p h o to m etr ic  measurements on th e  c h e la t e  
compounds o f  o x a lo a c e t i c  a c id  ( I )  and i t s  e th y l  e s t e r  ( i l l ) ,

H02C.C0.CH2 .C02Et ( I I I )

which cannot d e c a r b o x y la te ,  have shown th a t  o x a lo a c e t a t e  
c h e la t e  compounds are  formed very  r a p id ly .  The r i s e  o f  
o p t i c a l  d e n s i t y  (270  mylO w ith  tim e to  a maximum; produced  
by a d d i t io n  o f  some m eta l io n s  to  aqueous s o l u t i o n s  o f  
o x a lo a c e t ic  a c id ,  i s  due to  th e  p ro d u ctio n  o f  an e n o l i c  
pyruvate  in term ed ia te*  The mechanism o f  d e c a r b o x y la t io n ,  
may b e  r ep re sen ted  b y ,
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The changes o f  o p t i c a l  d e n s i t y  w ith  tim e are  c o n s i s t e n t  
w ith  the  above r e a c t io n  scheme#

I n h i b i t i o n  o f  d e c a r b o x y la t io n  a t  h igh  copper io n  
c o n c e n tr a t io n s  has been  found to  o c c u r ,  and the  r e s u l t s  
a r e  r e la t e d  to  p r e v io u s  p o te n t io m e t r ic  s t u d ie s  o f  th e  
copper c h e la te s #  I n h i b i t i o n  a t  h ig h  pH ( >  6 )  i s  due to  
th e  p r o d u ct io n  o f  k i n e t i c a l l y  i n a c t i v e  e n o l i c  complexes*

-  ooOoo-

The a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n  o f  o x a l o a c e t i c
a c id  has been  s t t d i e d  by  manometric, sp e c tr o p h o to m e tr ic ,
and potentiom elrric  methods#

Experim ents w ith  th e  h a l f  e s t e r  o f  o x a l o a c e t i c  a c id
( I I I ) , h a v e  shown th a t  in  aqueous s o l u t i o n ,  th e  in te r m e d ia te
i s  th e  k e t im in e  hydrate  ( a )#

OH
I

ho2c*c . ch2 #co2h ( a )



K in e t ic  measurements have dem onstrated th a t  the  r a te  
o f  th e  a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n  p a s se s  through  
a maximum a t  around pH lw The pK-Rate p r o f i l e  i s  
c o n s i s t e n t  w ith  a c a t a l y t i c a l l y  a c t i v e  s p e c i e s  ( B) ,  
th e  f a l l  in  r a te  a t  pH g r e a t e r  than b e in g  a t t r ib u t e d  
to  i o n i s a t i o n  a c co r d in g  to  th e  e q u a t io n

OH OH
1 -  _  I _  +

0 2C.C.CH2.C 02  ^  0 2C#C.CH2 .0 0 2 + H

+h 2ii^ (&) m y t

K in e t ic  measurements have shown th a t  th e  k e t im in e  hydrate  
i s  p r e se n t  o n ly  in  sm a ll  amounts, under th e  exp erim en ta l  
c o n d i t io n s  u sed , and th a t  i t  l o s e s  C02 in  th e  r a t e -  
d eterm in in g  s t e p .

In  aqueous s o l u t i o n  th e  mechanism i s  o f  th e  t y p e ,

0 CL I ^ ✓ 0 0
n V _ 0 CH c /  0 H + _ p - C = C H 2 +

oy  1 v 0 2 0 /  I 2OH OH

I n  e th a n o l ,  experim en ts  w ith  e s t e r s  ( I I I )  and ( I V )

s t o 2c . C O . c h 2 . c o 2s t  ( IV)

have shown th a t  th e  c a t a l y t i c a l l y  a c t i v e  s p e c i e s  i s  th e  
k et im in e  ( C) .  T h is  compound i s  formed in  q u a n t i t a t iv e  y ie ld ,

ho2c . c . ch2 . co2h

m (c)

The a n i l i n e  s a l t  o f  compound ( a ) ,  and the  d i e t h y l  e s t e r  
d e r iv a t i v e  o f  (C) have been  i s o l a t e d .

The fo rm a tio n  o f  th e  k e t im in e  has b een  s tu d ie d  
s p e c tr o p h o to m e tr ie a l ly  and shown to  be  k i n e t i c a l l y  second  
o r d e r .  The r a t e  o f  f o r m a t i o n  o f  t h e  k e t i m i n e  i s  equal t o  
th e  r a t e  o f  d e c a r b o x y l a t i o n ,  i n d i c a t i n g  t h a t  in  e t h a n o l ,



th e  fo rm a tio n  o f  th e  k e t im in e  i s  th e  r a t e - c o n t r o l l i n g  
s t e p  in  d eca rb o x y la t io n *

M etal io n  and amine c a t a l y s i s  have b een  compared 
w ith  th e  m etal io n  a c t iv a t e d  enzym atic  d e c a r b o x y la t io n  
o f  some b i o l o g i c a l l y  im portant k e to  a c id s*
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(1 )

G eneral I n tr o d u c t io n

In  order  to  o b t a in  a deeper  u n d erstan d in g  o f  th e  mechanism

o f  a chem ica l r e a c t i o n ,  i t  i s  n e c e s s a r y  to  have in fo rm a tio n

on b o th  th e  s t r u c t u r e  o f  th e  v a r io u s  s p e c i e s  in v o lv ed  and

on t h e i r  c o n c e n tr a t io n  as  a fu n c t io n  o f  t im e . K in e t ic

s t u d i e s  must th u s be supplem ented b y  thermodynamic s t u d ie s

on th e  r e a c t i v e  s p e c i e s .  Thermodynamic s t u d i e s ,  however,

g i v e  no i n d ic a t io n  as  to  th e  s t r u c t u r e  o f  th e  in te r m e d ia te s ;

in fo r m a tio n  o f  t h i s  ty p e  can o f t e n  be o b ta in ed  from

s p e c tr o s c o p y  and from o th e r  p h y s ic a l  methods.

The s tu d y  o f  mechanism in v o lv e s  a number o f  d i f f e r e n t

ap p roaches, each  aimed a t  d i s c o v e r in g  some a sp e c t  o f  th e

r e a c t io n .  Thus much o f  th e  e a r ly  k i n e t i c  work on th e

d e c a r b o x y la t io n  o f  o r g a n ic  a c id s  in  s o l u t i o n ,  such as

th a t  c a r r ie d  out by  WIIG* on a c e to n e d ic a r b o x y l ic  a c id ,  i s

o f  l i t t l e  v a lu e .  The f i r s t  ord er  r a te  c o n s ta n ts  ob ta in ed

are  apparent c o n s ta n ts  f o r  a system  in v o lv in g  th e

s im u ltan eou s  d ecom p osit io n  o f  th e  u n d is s o c ia te d  a c id

and i t s  a n io n s .  An a n a ly s i s  o f  th e  k i n e t i c  data could

not b e  made u n t i l  th e  d i s s o c i a t i o n  c o n s ta n ts  o f  th e  a c id s

were measured. The c o n c e n tr a t io n  o f  th e  v a r io u s  s p e c i e s

under d i f f e r e n t  c o n d i t io n s  cou ld  then  be c a lc u la t e d  and

i t  was found th a t  th e  k i n e t i c s  could  be  q u a n t i t a t i v e l y
2

e x p la in e d  by  an e q u a tio n  o f  th e  t y p e : -

kobs “ k1 I j V J  + k2 M  + k3 i - 2"J



(2 )

where and k^ a re  the  s p e c i f i c  f i r s t  order r a te  c o n s ta n ts

f o r  th e  u n d is s o c ia te d  a c id  and i t s  mono- and d ia n ion s*

The n e c e s s i t y  o f  having  thermodynamic and s t r u c t u r a l  

in fo r m a tio n  on th e  v a r io u s  r e a c t in g  s p e c i e s  i s  p o s s i b l y  

o f  even g r e a te r  im portance in  th e  s tu d y  o f  c a ta ly s e d  

r e a c t io n s#  A homogeneous c a ta ly s e d  r e a c t io n  in  s o l u t i o n  

in v o lv e s  i n t e r a c t io n  o f  th e  c a t a l y s t  w ith  th e  s u b s t r a t e  

to  form some typ e  o f  'com p lex’ . S in c e  a number o f  d i f f e r e n t  

com plexes can o f t e n  be  formed, u s u a l ly  having  c o n s id e r a b le  

d i f f e r e n c e s  i n  r e a c t i v i t y ,  i t  i s  d i f f i c u l t  to  a n a ly se  the  

k i n e t i c s  o f  th e  r e a c t io n  w ith o u t some in fo rm a tio n  as to  

th e  c o n c e n tr a t io n  o f  th e  v a r io u s  s p e c i e s  under d i f f e r e n t  

c o n d i t io n s ,  and a l s o  as  to  t h e i r  s tr u c tu r e #  Thus a lth ou g h  

k i n e t i c  measurements o f  th e  amine c a ta ly s e d  d e c a r b o x y la t io n  

o f  -k e to  a c id s  have been made over  a p er io d  o f  more than  

50 y e a r s ,  i t  has proved im p o ss ib le  to  e lu c i d a t e  the  

mechanism o f  th e  r e a c t io n  u s in g  th e s e  experim ents a lo n e .

The mechanism by which /3 -k e to  a c id s  d e c a rb o x y la te  

i s  now r ea so n a b ly  w e l l  u n d erstood . The su b je c t  has been
J 5

review ed by BROWN. I t  has b een  shown b o th  s p e c t r o s c o p ic a l ly  

and b y  bromine t i t r a t i o n  th a t  d e c a r b o x y la t io n  le a d s  

d i r e c t l y  to an e n o l i c  in te r m e d ia te .  $ in c e  b o th

-d im e th y l  a c e t o a c e t i c  a c id  and old* -d im e th y l  o x a lo a c e t i c
5

a c id ,  which cannot e n o l i s e ,  d e c a rb o x y la te  r e a d i l y ,  i t  i s  

concluded th a t  th e  k e to  forms Of th e s e  a c id s  are  u n sta b le#



(3)

I t  has a l s o  been  shown b y  WESTHEIMER th a t  th e  r a te  o f  

d e c a r b o x y la t io n  o f  c&i -d im e th y l  a c e t o a c e t i c  a c id  i s  

v i r t u a l l y  independent o f  th e  d i e l e c t r i c  co n sta n t  o f  

th e  so lv e n t*  I f  th e  P> - k e to  a c id  i s  r ep re sen ted  by  

X*CO#CY2*COOH th e  d e c a r b o x y la t io n  o f  th e  a c id  and 

a n io n  can he  r ep r e se n te d  hy th e  e q u a t io n s  (1 )  and ( 2 )  

r e s p e c t iv e ly *

The u n d is s o c ia t e d  a c id  i s  regarded as  decomposing through  

a hydrogen-bonded form r a th e r  than  as  a a w i t t e r - io n  (a )  

a s  o r i g i n a l l y  su g g es ted  hy PEDERSEN* ***

The d i f f e r e n c e s  in  r e a c t i v i t y  o f  6  -k e to  a c id s  have heen

d is c u s s e d  h y  GELLES* These d i f f e r e n c e s  are  most e a s i l y

i n t e r p r e t e d  i n  t e rm s  o f  t h e  s u b s t i t u e n t  g ro u p s  X and Y*

When a /3 -k e to  a c id  d e c a r b o x y la te s  th e  r e s t  o f  the  m olecu le  

must absorb th e  o a i r  o f  e l e c t r o n s  i n i t i a l l y  bonding the

^ x*- c=oy2
0"

002 ( 1 )

X — C —0Yo— C0oij 2 2
+0H ( a )



carb oxy l group* E J ,e c tr o p h il ic  groups in  th e  m olecu le  

w i l l  f a c i l i t a t e  t h i s  t r a n s f e r ,  w h ile  e le c tr o n -d o n e  t in g  

groups w i l l  h in d er  i t *

The d e c a r b o x y la t io n  o f  a number o f  /S-keto a c id s
s-»o

i s  c a ta ly s e d  by m etal io n s .  Part i o f  t h i s  t h e s i s  d e a ls  

w ith  the  t r a n s i t i o n  m eta l io n  c a ta ly s e d  d e c a r b o x y la t io n  

o f  o x a l o a c e t i c  a c id .  K in e t ic  in fo rm a tio n  has been  ob ta in ed  

d i r e c t l y  from manometric d e c a r b o x y la t io n  exp erim en ts .  

Thermodynamic and s t r u c t u r a l  in fo r m a tio n  on the  v a r io u s  

c h e la t e s  in v o lv e d  has been  o b ta in ed  from p o te n t io m e tr ic  

work and from sp ectrop h otom etry . A com bination o f  th e se  

data has e lu c id a t e d  th e  mechanism o f  th e  r e a c t io n .

Homogeneous m etal io n  c a ta ly s e d  r e a c t io n s  in  s o l u t i o n  

f a l l  n a t u r a l ly  in to  two c l a s s e s .  The m etal io n  can a c t  

as an o x id a t io n -r e d u c t io n  c a t a l y s t ,  t h i s  in v o lv e s  a change 

in  i t s  v a le n c y  s t a t e ;  or  i t  can a l s o  a c t  as  a g e n e r a l i s e d  

a c id  i n  th e  Lewis s e n s e .  The m etal io n  c a ta ly s e d  d e c a r b o x y la t io n  

o f  /S -k e to  a c id s  i s  o f  th e  second ty p e .

When a m eta l io n  combines w ith  an e le c t r o n  donor 

th e  r e s u l t i n g  s t r u c tu r e  i s  a m etal complex. However, i f  

the  l ig a n d  c o n ta in s  two or more donor groups , th e  r e s u l t in g  

s t r u c tu r e  i s  a m etal c h e la t e .  S in c e  the  l ig a n d  i s  an 

e le c t r o n  donor, i t  can be  c o n s id ered  as a g e n e r a l i s e d  

b a se  in  th e  Lewis s e n s e ,  w h ile  th e  m etal io n  a c t s  as  

a g e n e r a l i s e d  a c id .

S p e c i f i c  a c id  c a t a l y s i s  can take p la c e  in  a number



o f  d i f f e r e n t  ways. The major e f f e c t ,  however, may he  

c o n s id ered  to  he th a t  o f  the  proton  co u p lin g  i t s e l f  

to  the  s u b s tr a t e  in  such a way as to  d ra in  e le c t r o n s  

towards th e  s i t e  o f  a ttach m en t. T h is  then  f a c i l i t a t e s  

r e a c t io n  a t  some o th e r  p a r t  o f  th e  m o lec u le .  Metal 

io n s  a c t  in  a s im i la r  manner and i t  i s  to  he expected  

th a t  m eta l io n s  w i l l  c a t a ly s e  r e a c t io n s  which are  ac id  

c a ta ly s e d  provided  c h e la t io n  o f  some kind i s  p o s s i b l e .

In  such  c a s e s  m etal io n s  w i l l  he much more e f f e c t i v e  than  

hydrogen io n s ,  prov ided  th a t  th ey  can d r a in  e le c t r o n s  

from th e  r e a c t iv e  group , and may he regarded as f super acid*  

c a t a l y s t s .  I f  o n ly  a s i n g l e  p o in t  o f  attachm ent i s  p o s s i b l e  

( s im p le  e s t e r s  and am ides) then  hydrogen io n  c a t a l y s i s  w i l l  

he more im portant. Hydrogen io n  u s u a l ly  has the g r e a t e s t  

a f f i n i t y  o f  a l l  c a t io n s  f o r  b a s i c  monodentate l ig a n d s .

R e c e n t ly  i t  has been  found th a t  m etal io n s  c a t a ly s e
n - 12.

the  hydro l y s i s  o f  th e  e s t e r s  and amides o f  d  -amino a c id s .  

From t r a c e r  s t u d i e s  u s in g  oxygen 1 8 , i t  appears th a t  a 

c h e la t e  i s  formed which le a d s  to  a d d i t io n  o f  w ater to  the  

carbonyl group , ‘3 nH n



T h is  i s  to  b e  compared to  th e  o rd in ary  a c id  c a ta ly s e d  

h y d r o ly s is  o f  e s t e r s ,

° H+ OH 0
‘I I D

R’ -C-OR + H„0 R'-C-OR — =► R'-C-OH + R.OH + H+
I
OH

The e f f e c t  o f  c u p r ic  io n  in  r e a c t io n  A i s  much g r e a te r

than th a t  o f  an e q u iv a le n t  amount o f  hydrogen ion* Thus,

a t  0.01M Cu ,  th e  h a l f  l i f e  i s  10-30  m inutes f o r  s e v e r a l

sam plea,w hereas th e  a c id  c a ta ly s e d  r e a c t io n  i s  ex trem ely

slow* The rea son  f o r  t h i s  s u p e r i o r i t y  i s  c l e a r l y  the

f a c t  th a t  th e  m etal io n  has a g r e a te r  c o o r d in a t io n  number

than hydrogen io n .  Thus in  ( B) ,

0
il

R * —C -"OR
hh+ ( b )

th e  p roton  cannot in t e r a c t  w ith  th e  carbonyl group excep t by  

th e  l e s s  e f f i c i e n t  e l e c t r o s t a t i c  in d u c t io n .  I n  g e n e r a l  i t  i s  

found th a t  two o r  more p o in t s  o f  attachm ent f o r  a m etal io n  

are  req u ired  f o r  i t  to  d i s p l a y  c a t a l y t i c  a c t i v i t y .

The method by which a m eta l io n  c a t a l y s e s  th e  

d e c a r b o x y la t io n  o f  a £ - k e t o  a c id  i s  i l l u s t r a t e d  f o r  

o x a lo a c e t i c  a c id ,



(7)

The m etal io n  forms an $/L -k e to  c a rb o x y la te  c h e la t e  w ith  

th e  o x a lo a c e ta t e  d ia n io n .  The charge produced on th e  

oxygen atom a s s i s t s  th e  t r a n s f e r  o f  e l e c t r o n s  from th e  

carb oxy l group to  the  r e s t  o f  th e  m o lecu le  and so

a c c e l e r a t e s  th e  r e a c t io n .  Both o x a lo s u c c in ic  and a ce to n e
10 w

d ic a r b o x y l i c  a c id s  show s im i la r  b e h a v io r .  I t  i s  I n t e r e s t in g

to  n ote  th a t  m etal io n s  do not c a t a ly s e  the  d e c a r b o x y la t io n

o f  a c e t o a c e t i e  a c id  CH^, CO.CH^* COgH. t h i s  ca se  a

six-membered r in g  c h e la t e  in v o lv in g  th e  u n sta b le  carb oxy l

group i s  formed '9 t h i s  ten d s to  s t a b i l i s e  th e  m olecule

r a th e r  than a c c e l e r a t e  i t s  d eco m p o sit io n .

A la r g e  body o f  exp er im en ta l ev id en ce  s u g g e s t s

th a t  i n  t r a n s i t i o n  m eta l io n  c h e l a t e s ,  the  order  o f  s t a b i l i t y

o f  th e  c h e la t e s  i s  p r a c t i c a l l y  independent o f  the  nature

o f  th e  l ig a n d  and i s  a fu n c t io n  s o l e l y  o f  the  me£al ions

thus f o r  many c h e la t e s  th e  order  o f  s t a b i l i t y  i s ,  ^

Mn2+<£ P e 2 + /: Co2+i  Hi2+£ Cu2+ > Zn2+

The primary r o le  o f  th e  m etal io n  in  c h e la t e s  undergoing

chem ica l change i s  to  withdraw e le c t r o n s  from the

r e a c t io n  c e n tr e .  Many examples o f  t h i s  type  o f  r e a c t io n

are  known} th e  c a ta ly s e d  h y d r o ly s is  o f  s im ple  p e p t i d e s IS

and o rg a n ic  e s t e r s ,  th e  h a lo g e n a t io n  o f  keto  e s t e r s  and th e
10,11,1*

d e c a r b o x y la t io n  o f  -ket<b a c id s  are  s p e c i f i c  exam ples.

S in c e  th e  s t a b i l i t y  c o n s ta n ts  betw een th e  s u b s tr a te  

and v a r io u s  m etal io n s  are  a measure o f  the  s t r e n g t h  o f



b in d in g  betw een th e  s u b s t r a t e  and th e  m etal io n ,  i t  

would b e  exp ected  th a t  a r e l a t io n s h ip  would e x i s t  

betw een  the  c a t a l y t i c  power o f  th e  m etal io n  and i t s  

d egree  o f  i n t e r a c t io n  w ith  th e  s u b s t r a t e .  Q u a l i ta t iv e  

nifiXXiXM agreement o f  t h i s  typ e  has been found 

in  a number o f  c a s e s .  Q u a n t i ta t iv e  exp er im en ta l  data
I o

has been  v e ry  s c a r c e .  However PRUE has shown th a t  th e  

c a t a l y t i c  power o f  t r a n s i t i o n  m etal io n s  in  the  

d ecom p osit ion  o f  a c e to n e  d ic a r b o x y l ic  a c id  fo l lo w s  

th e  thermodynamic s t a b i l i t y  o f  th e  corresp on d in g  m a lo n a tes ,

<A s im i la r  c o r r e la t io n  has been  e s t a b l i s h e d  betw een the  

c a t a l y t i c  e f f e c t  o f  rare  e a r th  io n s  in  th e  d e c a r b o x y la t io n  

o f  o x a lo a c e t i c  a c id  and th e  s t a b i l i t y  o f  th e  rare  e a r th  

o x a lo a c e ta te s *
19

R e c e n t ly  G-ELLES and S A LAMA have made a thorough  

stu d y  o f  th e  t r a n s i t i o n  m etal io n  c a ta ly s e d  d e c a r b o x y la t io n  

o f  o x a l o a c e t i c  a c id  and have shown th a t  th e  c a t a l y t i c  

e f f e c t  o f  the  io n s  does not f o l lo w  th e  s t a b i l i t y  o f  th e  

o x a lo a c e t a t e s  but f o l lo w s  th a t  o f  th e  o x a l a t e s .  I t  thu s  

appears th a t  I n t e r a c t io n  in  the  t r a n s i t i o n  s t a t e  ( t h e  e n o l i c  

in te r m e d ia te  c l o s e l y  resem bles th e  o x a la t e s  and i s  a 

c o n tr ib u t in g  s t r u c tu r e  to  th e  a c t iv a t e d  complex) i s  more 

im portant in  d eterm in in g  th e  c a t a l y t i c  e f f e c t  than i n t e r a c t io n  

in  th e  i n i t i a l  s t a t e .  I t  w i l l  be  i n t e r e s t i n g  to d is c o v e r  

i f  s im i la r  b eh a v io r  i s  found in  o th e r  m etal ion  c a ta ly s e d  

s y s terns.



The d e c a r b o x y la t io n  o f  a l l  B - k e to  a c id s  i s  c a ta ly s e d

by primary and secondary am ines, b a t  not by t e r t i a r y  
>>20

amines# A n i l in e  i s  u s u a l ly  by f a r  the  most e f f i c i e n t  

c a t a l y s t .  Part 2 o f  t h i s  t h e s i s  i s  a comprehensive  

stu d y  o f  th e  a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n  o f  

o x a lo a c e t i c  a c id .  K in e t ic  measurements o f  the r a te  o f  

d e c a r b o x y la t io n  have been  made, th e s e  have been coupled wi t h  

sp ec tro p h o to m etr ic  and p o te n t io m e tr ic  measurements on 

model compounds c l o s e l y  resem bling  r e a c t io n  in term ed ia tes#

From t h e s e  data i t  has been  p o s s i b l e  to  p o s t u la t e  a mechanism 

f o r  th e  a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n ,  which can be  

extended  to  o th e r  primary and secondary amines#

Many r e a c t io n s  in  s o l u t i o n  are su b je c t  to  g e n e r a l  

b a se  c a t a l y s i s j  a c e r t a in  amount o f  e v id e n c e ,  however, 

has now accumulated to  show th a t  some r e a c t io n s  are  

s p e c i f i c a l l y  c a ta ly s e d  by amines# The d e c a r b o x y la t io n  o f  

-k e t o  a c id s ,  mentioned above, and th e  d e a l d o l i z a t i o n  o f  

d ia c e to n e  a lc o h o l  ( 3 )  are examples o f  such c a t a l y s i s ,'a>'Xo'^rb

(CH ,)2 .  C(0H).CH2 .C0.CH3 — 2(CH3 ) 2.C0 ( 3 )

The d e a l d o l i s a t i o n  o f  d ia c e to n e  a lc o h o l  i s  s t r i c t l y  f i r s t  

order w ith  r e sp e c t  to  the  c o n c e n tr a t io n  o f  diac&one a lc o h o l  

and th e  r a te  v a r ie s  l i n e a r l y  w ith  hydroxide ion  co n cen tra tion #  

The r e a c t io n  i s  not s u b je c t  to  g e n e r a l  b a se  c a t a l y s i s #  The 

most probab le  mechanism in v o lv e s  the  un im oleeu lar  d ecom p osit io n  

o f  th e  d ia c e to n e  a lc o h o la t e  io n . S in ce  the  a lc o h o l  i s



( 1 0 )

undoubtedly 8 v e ry  week a c id ,  th e  c o n c e n tr a t io n  o f  t h i s  

ion  w i l l  be s t r i c t l y  p r o p o r t io n a l  to  th e  hydroxide io n  

c o n c e n tr a t io n .

The e n a la t e  io n  su b seq u e n t ly  r e a c t s  w ith  water to  g iv e

a c e to n e  and hydroxide io n .  primary and secondary amines

are  e f f e c t i v e  c a t a l y s t s ,  bu t tertiary  amines are  ndit. F u r th e r ,

th e  r a te  c o n s ta n ts  f o r  th e  v a r io u s  amines in v e s t ig a t e d
2 \

by MILLAR and KILPATRICK in  th e  d e a I d o l iz a t io n  o f  d ia c e to n e  

a lc o h o l  bear  no r e l a t i o n  to the  b a se  s tr e n g th s  o f  the
23

amines* T his i s  in  agreement w ith  th e  o b s e r v a t io n  o f  FRENCH

th a t  th e  r e a c t io n  i s  not c a ta ly s e d  by p h en o la te  io n ,  a

b a se  in  the  BRONSTED s e n s e .  I n  th e  absence o f  g e n e r a l  b a se

c a t a l y s i s  i t  seems l o g i c a l  to  assume th a t  the amine i s

e f f e c t i v e  b eca u se  i f  r e a c t s  w ith  the  carbonyl group o f

th e  k eto  a c id  or  a lc o h o l  to  form a S c h i f f  b a se  or  ketim ine*
2.0

T h is  s u g g e s t io n  was f i r s t  put forward by PELERSM to  account  

f o r  th e  amine c a ta ly s e d  d e c a r b o x y la t io n  o f  a c e t o a c e t i c  a c id ,  

th e  r e a c t iv e  in te rm e d ia te  b e in g  th e  z w i t t e r io n  (C) ,

O(GR^)

+NHR (G)



(11)

WESTHSIMBR has a p p l ie d  a s im i la r  idea to  d ia c e to n e  a l c o h o l ,  

th e  in te r m e d ia te  b e in g  (d ) ,

r a t e  o f  th e  amine c a ta ly s e d  d e a l d o l i z a t i o n  in  w a ter -d io x a n e ,  

w a te r -a lc o h o l  m ix tu res  i s  independent o f  the  s o l v e n t ,  i t  thus  

seems u n l ik e l y  th a t  a d ip o la r  io n  ( d ) i s  in v o lv ed  in  th e  

reaction *H ow everjth e  r a te  c o n t r o l l in g  s t e p  cou ld  f o r  example, 

b e  th e  r a te  o f  form a tion  o f  th e  k e t im in e ,  o r  th e  r a te  o f  

d eco m p o sit io n  o f  a hydrogen bonded in te r m e d ia te  (E ) .

( 0 H ,) o. C - C H o - C - C H *
j  & j *

0<=> +HNR ( d )

However WESTHBBfER and JOBBS 6 have s in c e  shown th a t  th e
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Part I

ffe© Metal ten  Catalysed Beeajsteoxylation 

of ©acaloacetie Acid*



0 1))

F a rt  1• The M eta l Ion C ata ly sed  D eca rb o x y la tio n  o f  O x a lo a c e t ic  

Acid

I n tr o d u c t io n

The f a c t  th a t  v a r io u s  h i  and t e r - v a l e n t  m etal io n s c a t a ly s e  

th e  d e c a r b o x y la t io n  o f  o x a l o a c e t i c  a c id  W8S f i r s t  d is c o v e r e d  

■by KEEBS1and KRAMPITZ and WBRKMAH• KOBHEERG, OCHOA and 

MEHLER3observed  th e  appearance and d e c l in e  o f  a s tro n g  

a b so r p t io n  band in  th e  r e g io n  o f  260-300 m/ton adding m etal  

io n s  under c e r t a in  c o n d it io n s  to  o x a lo a c e t i c  acid* They 

a t t r ib u t e d  t h i s  to  th e  s low  form ation  o f  an e n o l ic  complex B, 

fo l lo w e d  by i t s  rap id  decay on d ecarb ox y la t ion *

STEINBERGER and WESTHEIMER^showed th a t  th e  d e c a r b o x y la t io n  

o f  -d im e th y le t h o x a lo a c e t ic  a c id  itOgC^CO.cCMe^COgH

was not c a ta ly s e d  by m etal i o n s ,  i n d ic a t in g  th a t  the  c a t a l y t i c a l l ;  

a c t i v e  s p e c i e s  formed by  M  -d ir a e th y lo x a lo a c e t ic  a c id  

was a f i v e  membered r in g  -o x o -c a r b o x y la te  c h e la t e  compound#

0 CHZ o  CH. 0. .CO-CEL . 0^  /  \  \ \  / /  \  <> /  2 \  / /
c — C 0 = 0  VC — 0 0 = 0  c c

/  ^  I /  \  \ I !
0 0 0 -  0 0 OH 0 0

(A) (B) (C)

D im e th y l -o x a lo a c e t ic  a c id  cannot form an e n o l i c  complex o f

type  B , and so  b y  ana logy  a k e to n ic  complex ( a ) seemed

to  be th e  c a t a l y t i c a l l y  a c t i v e  s p e c ie s  In the  d e c a r b o x y la t io n



( 15 )

5
o f  o j jc a lo a c e t tc  acid* PEDERSEN in te r p r e te d  th e  k i n e t i c s  o f  

th e  copper and z in c  io n  c a ta ly s e d  d ecom p osit ion  a t  low pH 

8nd m eta l io n  c o n c e n tr a t io n  in  terms o f  the  f i r s t  order

d ecom p osit ion  o f  th e  a c id ,  i t s  two an ion s and a s p e c i e s  MA9
2* 2—where M i^ s  th e  m eta l io n  and A th e  o x a lo s c e t a t e  d ia n io n .

(o
WILLIiAMS su g g es ted  th a t  in  a d d i t io n  to  ot ~oxo ca rb o x y la te  

complexes a d ic a r b o x y la te  complex 0 might a l s o  be formed, 

and th a t  t h i s  could  re ta rd  d e c a r b o x y la t io n  under c e r t a in  

c o n d i t io n s .

Inadequate e x p la n a t io n s  haye been advanced f o r  the

observed  r e ta r d a t io n  o f  the  r e a c t io n  a t  h igh  pH and m etal
t-i

io n  c o n c e n tr a t io n .  P rev iou s  work has e s t a b l i s h e d  th a t  a t  low 

pH and low c o n c e n tr a t io n  o f  m eta l io n  th e  c a t a l y t i c a l l y  

a c t i v e  s p e c i e s  must be  the  complex A , but i t  has produced  

no c le a r  e v id e n c e ,  (1 )  on whether a c a t a l y t i c a l l y  in a c t iv e  

complex B i s  a l s o  formed, (2 )  i f  t h i s  i s  formed s lo w ly  

enough to  account f o r  th e  sp ec tro p h o to m etr ic  o b s e r v a t i o n s ,* 

( 3 )  whether th e s e  o b s e r v a t io n s  in  f a c t  p rov id e  e v id en ce  

f o r  a s t r o n g ly  absorb ing  e n o l i c  pyruvate in te r m e d ia te ,

(i*) on what the  thermodynamic s t a b i l i t i e s  o f  the  k e to n ic  

and e n o l i c  com plexes, A and B a r e ,  ( 5 )  bow th e  p r o p o r t io n  

o f  th e s e  two complexes changes w ith  pH, and whether  

in c r e a s in g  c o n c e n tr a t io n s  o f  th e  e n o l i c  complex a t  h igh  

pH might account f o r  th e  observed r e ta r d a t io n  in  the  r a te  

o f  d e c a r b o x y la t io n  ( 6 )  whether o th e r  complexes such as  

th e  d ic a r b o x y la te  complex 0 ,  are  a l s o  p r e sen t  under c e r t a in



c o n d i t io n s ,  and ( 7 )  whether th e r e  i s  any c o r r e la t io n  "between 

th e  thermodynamic s t a b i l i t y  o f  th e  complexes and th e  c a t a l y t i c  

power o f  th e  m eta l io n .



( 17 )

E xperim enta l Part 1

1 )  M a te r ia ls

a )  O x a lo a c e t ic  a c id  HQQC. CO. CH.,. GQOH

was ob ta in ed  from Messrs* L igh t  and Oo« ra.p. 152° (decomp*)* 

Found f o r  a d ic a r b o x y l ic  a c id  by  t i t r a t i o n  a g a in s t  a l k a l i  

M; 132*6* C a lc u la ted  f o r  Mj 132*1*

b )  D ie th y lo x a lo a c e ta t e  EtQ^C.CO.CH^.CQ JEt

was prepared e s s e n t i a l l y  as d e sc r ib ed  by XhSXMHtMaXSQC
q

ROSSI and SCHINZ* 3*4.5 gms* o f  c le a n  sodium was atom ised  

in  75 &1. o f  p u r i f i e d  x y le n e .  The washed sodium (by dry e th e r )  

was p la ced  in  a 3 - l i t r e  Q u ic k f i t  f l a s k  f i t t e d  w ith  a 

water condenser , s i l i c a  g e l  guard tube and bunsen v a lv e .

600 ml* o f  sod ium -dried  e th e r ,  fo l lo w e d  by 8 7 .6  ml* o f  

a b s o lu te  a l c o h o l ,  was then added and th e  mixture r e f lu x e d  

u n t i l  a l l  th e  sodium had d i s s o lv e d  (o v e r n ig h t)*  On 

d i s s o l u t i o n  o f  the  sodium, 201 ml* o f  d i e t h y l  o x a la t e  

(d r ie d  over  sodium s u lp h a te )  was added through the  

condenser  fo l lo w e d  by 1h5»5  ml. o f  e th y l  a c e t a t e  (d r ie d  

w ith  sodium su lp h a te )  in  sm a ll  p o r t io n s .  The m ixture  

was then  r e f lu x e d  u n t i l  the  s o l i d  y e l lo w  r e a c t io n  product  

formed ( 1 / 2  h r * ) .  A t h e o r e t i c a l  y i e l d  o f  th e  sodium e n o l s t e  

o f  d i e t h y l  o x a lo a c e t a te  was o b ta in e d .

Water was poured over th e  sodium e n o la te  in  a 3 - l i t r e  

beaker  and th e  m ixture co o led  in  i c e  an^ rap id ly  s t ir r e d *

UO ml. ( c a lc u la t e d  amount) o f  concen tra ted  su lp h u r ic



S y n th e s is  o f  D e r iv a t iv e s  o f  O x a lo a c e t ic  and Dimethyl J

- o x a l o a c e t i c  a c id s

iiaCE t
1 HCOgEt )g +  CH^COOEt — *-> E t02C.CC,.CHgCOOBt

H00C.C0.CH2.C00H 
O x a lo a c e t ic  a c id CuAc

f

H00C.C0.CH,.C05Et <J l afiMe----  EtOgC-CH.COOEt
O-Cu/2

t -b u ta n o l
2)(CH3 )2CH.C02H -------- >  (C H ,)2.COCl-> (CH3)2CHC02tBu

d i -m eth y l8 n i  1 ine

KS-C-Ph3 — *  C2H50 2C.C0.C(CH3 ) 2C02 tBU
d ie t h y l

o x a la te

HBr/HAc 
---------- >

kci/ h2o

C2il50 2C,CO,C^CH3^2,CO?H -----*  H02C.C0.C(CH3 ) 2.CO2H

EtOH
3 )  (CH3 )2 CH.COgH —*  (CH3 ) 2 .CH.CC2Et

h2s 0i+

ii8C « Pii* 
J

d ie t h y l
o x a la te

HC1
—*. Et'02C.C0(CH3 )2.C02Et ---- >  H02C.C0,,(CH3 )2 .C02Et



a c id  d i lu t e d  to  about a l i t r e  was then  s lo w ly  added. An 

o i l y  e s t e r  sep ara ted  and was e x tr a c te d  w ith  e th e r  (The 

e th e r  la y e r  should  not be d r ied  v/ith potassium  carbonate  

as t h i s  le a d s  to  d ecom p osit ion  o f  the  e s t e r  on d i s t i l l a t i o n ) .

The e th e r  was removed on the  pump and the  r e s id u e  c a r e f u l ly  

vacuum d i s t i l l e d  in  sm a ll  p o r t io n s  a t  about 1| mm; much 

ta r r y  r e s id u e  remained. The pure m a te r ia l  vacuum d i s t i l l e d  

r e a d i l y  w ithout p y r o ly s is *  B*p* 116 /16  mm., 131-3/2Umm. Y ie ld  65 $ 

Pound f o r  0 ,  5 0 .8 3 ;  H, 6 .1 8 .  C a lc .  C, 5 1 .0 6 ;  H, 6 .3 2

c )  B th y l  o x a lo a c e t a te  HO^C.QO.Cff^.COJgt

was prepared by the  a l k a l i n e  h y d r o ly s is  o f  the  copper e n o la t e  

o f  e t h y l  o x a lo a c e ta te  CujKtOpO.GO.CH.CO^St)

Hydrated (2H20 )  copper a c e t a t e  (7  g m s .) d i s s o lv e d  in  

th e  minimum amount o f  warm water (100 m l . ) was added 

s lo w ly  to  pure e th y l  o x a lo a c e t a t e  (10  m l .)  in  e th a n o l  (25  m l . ) .

The b r ig h t  g reen  p r e c i p i t a t e  was f i l t e r e d  o f f  a f t e r  one

hour, d r ie d  a t  100° and r e c r y s t a l l i s e d  from a b s o lu te

a l c o h o l .  T h is  gave the  unhydrated form (m .p. 163°-16U °)

as green  m ic r o c r y s t a l l in e  n e e d le s .  R e c r y s t a l l i s a t i o n

from w a te r -e ta n o l  gave the  hydrated form Cu jjStOgC. CO.CH.CO^StJ2**2°

O A
as b r ig h t  g reen  n e e d le s  o f  m.p. 156-157 $ C a lcu la ted  

f o r  (C gH ^O ^ C u.H gO , C ,i |2 .1 5 ;  H ,5.271 Cu, 1 3 .9 6 ;  H20 , 3 .9 3  %. 

Pound C, k 2 . k h i  H, 5 .2 7 ;  Cu, 1*4.55; H20 ,  *4.02 In  t h i s  

p r e p a r a t io n  pure e th y l  o x a lo a c e t a te  must be used . Y ie ld  80
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10 gms* o f  th e  copper e n o la te  were d i s s o lv e d  in  warm 50 % 

aqueous methanol and h yd ro lysed  w ith  sodium (1 gra. ) 

d is s o lv e d  in  methanol (w ater  must he p r e s e n t ) .  A hrown 

p r e c i p i t a t e  formed im m ediate ly , th e  s o l u t i o n  was heated  

and th e  p r e c i p i t a t e  r e c r y s t a l l i s e d .  I t  was then  allow ed

to  stand  undisturbed  o v e r n ig h t .  T h is  gave e a s i l y  f i l t e r a b l e  

m a te r ia l .  The brown p r e c i p i t a t e  was f i l t e r e d  o f f ,  d r ied  

a t  1 0 0 ° ,  suspended in  water and a c i d i f i e d  in  an i c e  b a th  

w ith  d i l u t e  su lp h u r ic  a c id .  The s o lu t io n  was then  f i l t e r e d  

and e x tr a c te d  w ith  e th e r .  The e th e r  laj'er  was d r ied  w ith  

magnesium su lp h a te  and the  e th e r  removed a t  the  pump. An

011 rem ained, which c r y s t a l l i s e d  on e o o l in g .  R e c r y s t a l l i s a t i o n  

from benzene gave e th y l  o x a lo a c e ta t e  (2  g m s .) m.p. 98° .

(Found f o r  a m onocarboxylie  a c id  by t i t r a t i o n  a g a in s t  

a l k a l i ,  M, 1 6 1 .6 ,  C a lcu la ted  f o r  CgHgO^s 1 6 0 . 1 . ) .

Found: 0 ,  M*.8; H, 5*1 C a lc u la ted  f o r  QgHg05: C, k5*0;

H, 5 .0 $ .

u
B th y l  UoL -d im e th y le th o x a lo a c e ta te  and t - b u t y l  o - d i m e t h y l

a
e th o x a lo a c e ta te  were prepared by con d en sa tion  o f  d i e t h y l

o x a la t e  w ith  e t h y l  i s o b u ty r a te  and t - b u t y l  i s o b u ty r a te

r e s p e c t i v e l y  u s in g  sodium tr ip h e n y lm eth id e .  T h is  i s  the
\3

s y n t h e t i c  method develop ed  by HAUSER.



d) T riphenylch lorom ethane (P h ^ C .C l

600 gms. (681+ m l . )  o f  sod ium -dried  A.R* benzene end 2U0 gms. 

( l i |1  m l . )  o f  pure d r ied  carbon t e t r a c h lo r id e  (w ater  

azeotrop ed  o f f )  were p la ced  i n  a 3 - l i t r e  Q u ic k f i t  th r ee  

necked f l a s k  f i t t e d  w ith  a r e f lu x  condenser a tta ch ed  

to  a trap  f o r  th e  a b so rp t io n  o f  hydrogen c h lo r id e ,  a 

m ercu ry-sea led  m echanical s t i r r e r  and a d e v ic e  f o r  the  

a d d i t io n  o f  a s o l i d .  The l a s t  named was charged w ith  180 gms. 

o f  f i n e l y  powdered anhydrous aluminium c h lo r id e .  The 

f l a s k  was coo led  in  an i c e  b a th  and the  aluminium c h lo r id e  

added in  sm a ll  amounts to  th e  c o n te n ts  o f  the  f l a s k ?a t  

such  a r a te  th a t  the r e a c t io n  m ixture d id  not r e f lu x  

during th e  a d d i t io n  (about 1 . 5  h o u r s ) .  The i c e  b a th  was 

removed 15  m inutes a f t e r  a l l  th e  s o l i d  had been introduced^  

and th e  r e a c t io n  was a llow ed  to  proceed w ithout fu r th e r  

c o o l in g .  When heat was no lo n g e r  e v o lv e d ,  the  m ixture was 

r e f lu x e d  u n t i l  e v o lu t io n  o f  hydrogen c h lo r id e  su bsid ed  

(2  h r s . ) ,  then  a llow ed  to  c o o l  to  room tem perature. The 

co ld  r e a c t io n  product was poured in  a t h in  stream  on to  

a m ixture  o f  900 gms. o f  crushed i c e  and 900 ml. o f  

con cen tra ted  h y d ro ch lo r ic  a c id .  The mixture was s t i r r e d  

v ig o r o u s ly .  The benzene la y e r  was se p a r a ted , th e  aqueous 

l a y e r  e x tr a c te d  w ith  a l i t t l e  b en zen e , and the  combined 

e x tr a c t s  washed once w ith  600 ml. o f  c o ld  co n cen tra ted  

h y d ro c h lo r ic  acid* The benzene la y er  was d r ied  by le a v in g  

f o r  a t  l e a s t  two hours over  75 gms. o f  anl^drous calcium
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c h lo r id e  or magnesium su lp h a te .  The benzene was d i s t i l l e d

from a O la ise n  f l a s k  u n t i l  the  tem perature rose  to  about

200 ° . The warm r e s id u e  was tr a n s fe r r e d  w ith  the a id  o f

a l i t t l e  dry benzene to  a 1- l i t r e  c o n ic a l  f l a s k ,  coo led

to about hO0 , 9 -1 2  ml. o f  a c e t y l  c h lo r id e  added and th e  m ixture

heated  n e a r ly  to  b o i l i n g  poin t*  The s o l u t i o n  was shaken

v ig o r o u s ly  w h i l s t  c o o l in g  r a p id ly  to  room tem perature, then

l e f t  in  a r e f r i g e r a t o r  o v e r n ig h t ,  ^he s o l i d  tr ip h e n y lc h lo .r o -

methane was f i l t e r e d  on a la r g e  Buchner fu n n e l  and washed

w ith  th r e e  90 ml* p o r t io n s  o f  l i g h t  p e t r o l  (b t p. 6 0 ° - 8 0 ° ) ,

then d r ied  in  a vacuum d e s i c c a t o r  over  p a r a f f in  wax sh a v in g s

or s i l i c a  g e l  to  remove s o l v e n t .  P a le  g r e e n ish  y e llo w
o o

c r y s t a l s  m.p. 110 -1 11 . Y ie ld  270 gms. .Stored in  a screw -  

topped b o t t l e  s e a le d  w ith  p a r a f f in  wax and kept in  a 

d e s i c c a t o r  to  preven t h y d r o ly s is  by atm ospheric  moisture*

The p a r t i a l l y  h yd ro lysed  product may be p u r i f i e d  by  

r e c r y s t a l l i s a t i o n  from 1 /3  o f  i t s  w eight o f  pure dry  

benzene c o n ta in in g  10 -20  $  a c e t y l  c h lo r id e .

E th y l  i s o b u ty r a te  ( CH^) J3H.C0JBt

A m ixture o f  13h ml* o f  i s o b u t y r ic  a c id ,  38 ml. o f  a b s o lu te  

a lc o h o l  and 10 ml* o f  co n cen tra ted  su lp h u r ic  a c id  were 

r e f lu x e d  f o r  20 h r s .  The r e a c t io n  m ixture was poured in to  

water and s t i r r e d ,  then  washed s e v e r a l  t im es w ith  w ater ,  

fo l lo w e d  by sa tu r a te d  b ic a r b o n a te ,  u n t i l  a l l  the  a c id  was 

removed, and f i n a l l y  w ith  w ater . A l i t t l e  e th e r  was added 

to in c r e a s e  the  m o b i l i ty  o f  th e  s o l u t i o n  which was then
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d r ied  w ith  magnesium s u lp h a te .  The e th e r  was removed on 

a 30 cm. Widmer column, th e  e s t e r  h e in g  d i s t i l l e d  on th e  

same column.

Y ie ld  100 gras. B .p .  110 /760  ram. d . 0 .8 6 9 .

Sodium tr ip h en y lraeth id e  (Ph)^O.Ha

a) P rep a ra t io n  o f  1 .5  % sodium amalgam

1U gras, o f  cut sodium was p la ced  in  a 500 ml. round-  

bottomed th r ee  necked f l a s k  f i t t e d  w ith  n itr o g en  i n l e t  

and o u t l e t  tubes in  th e  s id e  open ings and a dropp ing-  

fu n n e l  in  th e  c e n tr e  op en in g . The f l a s k  was f lu sh e d  out w ith  

n itr o g e n  .and th e  fu n n e l  charged w ith  935 gms. ( 6 9 .6  m l . )  

o f  mercury. About 20 ml. o f  mercury were added r a p id ly  

to  s t a r t  the  r e a c t io n  and th e  r e s t  a t  such a r a te  as  

to  p reven t  the  amalgam harden ing . Once a l l  the mercury 

had been  added th e  f l a s k  was shaken s e v e r a l  t im es and the  

amalgam poured in to  a mortar. To a id  s o l i d i f i c a t i o n  and 

p reven t a t ta c k  from th e  a i r ,  th e  amalgam was covered  

w ith  sod ium -dried  e th e r ,  t h i s  q u ic k ly  evaporated le a v in g  

th e  s o l i d ,  which was used im m ediately  as f o l lo w s .

b )  A m ixture o f  950 gras, o f  amalgam ( t o t a l  prepared above)  

and 70  gras* (0 .2 5  mole) o f  tr ip h en y lch lorom eth an e  was 

p la c ed  in  a 2 . 5 - l i t r e  Pyrex g l a s s  stop pered  b o t t l e  and 

1 .5  l i t r e s  o f  a b s o lu te  e th e r  added ( d r ie d  w ith  sodium wire  

and r e f lu x e d  fo r  s i x  hours over sod ium ). The g l a s s  s to p p er  

Y/as grea sed  and taped down w ith  , S la s t o p la B t , •

The b o t t l e  was then  shaken in  a m echanical shaker



f o r  s i x  hou rs . The r e a c t io n  i s  exotherm ic and shaking was 

stopped when n e c e ssa r y  and the  "bottle coo led  w ith  wet 

to w e ls .  Red c o lo u r s  appeared q u ic k ly  (10  m in u te s ) ,  but  

th e  c h a r a c t e r i s t i c  b lo o d -r e d  o f  sodium tr iphenylraeth ide  

does not appear f o r  about 1 -1 -J- hou rs .

A f t e r  shaking  f o r  s i x  hours the  b o t t l e  was co o led  

to  room tem perature, removed from the  shaker and the  

s to p p e r  wired down. The m ixture was then  a llow ed  to  stand  

undisturbed o v e r n ig h t .  Sodium c h lo r id e  and p a r t i c l e s  

o f  mercury s e t t l e  to  th e  bottom#

E th y l  ^ - d l m e t h y l e t h o x a l o a c e t a t e  BtO^C.OCCB^^.CQ^St  

25 ral. o f  th e  e th e r  s o l u t i o n  o f  sodium tr iphenylraeth ide  

were withdrawn and run in to  25 ml. o f  water conta ined  

i n  a sm a ll  s e p a r a t in g - fu n n e l  end the m ixture shaken.

The aqueous la y e r  was run o f f  in t o  a 250 ml. c o n ic a l  f l a s k

and th e  e th e r  la y e r  e x tr a c te d  w ith  two a d d i t io n a l  25 ml*

p o r t io n s  o f  w ater. The combined aqueous e x t r a c t s  were 

t i t r a t e d  w ith  0 .2  If HC1 u s in g  methyl red as in d ic a t o r .

Ph^C.Bfa + Ha0  ^  Ph^C.OH + HaOH

1000 ml. N HOI 5  1 mole I^C .M a

T i t r e  i s  18 ml. o f  0 .2  N HOI 

Wt. p er  25 m l. s  18 x  0 ,2  /  1000 raoles. V o l. o f  e th e r  1300^8

Amount Ph^C.Ha = 1300 x  3 .6  /  25 x 1000 « 0 .1 8 7  raoles



The apparatus i l l u s t r a t e d  in  P ig  1 was s e t  up* The 

e t h e r e a l  s o l u t i o n  o f  sodium tr ip henylraeth ide  was siphoned from 

th e  s lu d g e  under a s l i g h t  p r e ssu r e  head o f  pure dyy oxygen  

- f r e e  n i t r o g e n  in t o  a c a l ib r a te d  3 - l i t r e  c o n ic a l  f l a s k .

S th y l  i s o b u ty r a te  (23*8 gms*, 2~f.k m l* ,0 .2 0 5  m ole)  

was added w ith  shak in g  to  a s o l u t i o n  o f  0 .1 9  mole o f  

sodium tr ip h e n y lm eth id e  in  1 . 3 - 1 .U l i t r e s  o f  e th e r .  A fte r  

5 m inutes a t  room tem perature ( c o lo u r  red to  red d ish  o r a n g e ) ,

30  gms. (28  m l . ,  0 .2 0 5  mole) o f  dry d i e t h y l  o x a la te  were 

added w ith  sh ak in g . The m ixture became warm. A f te r  10 m inu tes,  

15  ml. o f  g l a c i a l  a c e t i c  a c id  were added and the  m ixture  

e x tr a c te d  w ith  100 ml* o f  w ater. The e th e r  s o lu t io n  was 

washed w ith  sa tu ra te d  sodium b ic a r b o n a te  s o lu t io n ,  d r ied  

w ith  sodium su lp h a te  and the  s o lv e n t  d i s t i l l e d .  The r e s id u e  

was d i s t i l l e d  in  vacuo (up to  150° a t  20 mm.)

The d i s t i l l a t e  was f r a c t io n a t e d  u s in g  a C la is e n  

f l a s k  w ith  f r a c t i o n a t i n g  s id e -a rm . Y ie ld  2 7 .2  gms. (61 %) 

o f  e th y l  oCU - d im e th y le th o x a lo a c e ta te .  B .p .  122°-1 23°  a t  

15 mm. 1 1 5 °-1 2 0 °  a t  11mm. Semicarbazone m.p. 9 7 ° -9 8 ° .

Pound C, 5 5 .8 0 |  H, 7 .1 0 .  C a lc u la ted  f o r  C ^H ^O ^,

0 ,  5 5 .6 0 ;  H, l .h O

S th y l  o 4< -d im eth y loxa loa ceta te  HO^C.CO.CQvIe^.CO^St 

was prepared by h y d r o ly s is  o f  th e  d i e s t e r  EtOgC.CO.COvfe^.CO^Bt 

(10  m l . )  w ith  co n cen tra ted  h y d ro c h lo r ic  a c id  (8 7  m l . )  f o r  

2-3  d a y s .  The s o l u t i o n  was d i l u t e d ,  e x tr a c te d  w ith  e th e r  

and th e  e th e r  la y e r  d r ied  w ith  sodium su lp h a te .  The e th e r



FIG 1

Apparatus used f o r  sodium tr lp h en y lm eth ld e  con d en sation s
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c o n ta in in g
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was removed a t  th e  pump; an o i l  rem ained. This was p u r i f i e d  

b y  fo u r  m i c r o - d i s t i l l a t i o n s  in  a su b l im a t io n  tube under 

a p r e ssu r e  o f  0 ,3  mm. and a tem perature o f  80°-100 °  produced  

by a su b l im a t io n  fu r n a c e .

Pound 0 ,  51*00; H, 6 .5 0 .  C a lc ,  f o r  CqH120 5 0 ,  5 1 .0 0 ; H, 6.1*0 

T h is  a c id  cannot be  fu r th e r  h y d ro ly sed , probably  due to  

s t e r i c  h indrance by th e  two m ethyl grou p s ,

T e r t -b u tv l  i s o b u ty r a te  (OH^ ) ^C.COOt.Bu

was prepared by a g e n e r a l  method o f  s y n t h e s i s  o f  s t e r i c a l l y  

hindered  t - b u t y l  e s t e r s  rep orted  by HAUSER.*5

65  ml. o f  t -b u ta n o l (  d r ied  o v er  ca lc ium  su lp h a te  and 

d i s t i l l e d  to  a zeo tro p e  o f f  w a t e r . ) ,  88 ml. o f  d im e th y la n i l in e  

( r e d i s t i l l e d )  in  H4O ml. o f  sodium d r ie d  e th er  and 73 ml. o f  

i s o - b u t y r y l  c h lo r id e  in  35  ml. o f  sod ium -dried  e th e r  were 

s to o d  f o r  15 hours a t  room tem perature. The e th e r  was 

d i s t i l l e d  and th e  r e s id u e  heated  f o r  5 hours on a water  

b a th .  The s o l u t i o n  was a c i d i f i e d  w ith  co ld  10 % su lp h u r ic  

a c id  and then  e x tr a c te d  w ith  e th e r .  The e th e r  la y e r  was 

sep a ra ted  and e x tr a c te d  w ith  50 ml. p o r t io n s  o f  10 % 

su lp h u r ic  a c id  ( t o  remove a l l  d im e th y la n i l in e )  u n t i l  the  

e x tr a c t  d id  not become c loudy when made a lk a l in e  w ith  

sodium hydroxide, A f te r  a f i n a l  washing w ith  25 ml. o f  

sa tu r a te d  sodium b ic a rb o n a te  s o l u t i o n ,  the  e th e r  s o l u t i o n  

was d r ie d  by shaking w ith  10 gms. o f  anhydrous sodium  

s u lp h a te .  The s o l u t i o n  was f i l t e r e d ,  th e  e th e r  removed by
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d i s t i l l a t i o n  through a 30 cm. Wi&mer column and the  e s t e r  

d i s t i l l e d  through the same column.

Y ie ld ,  65 % to.p. 1 2 7 .5 ° - 1 2 8 .5 ° .

Pound C, 6 6 .4 0 ;  H, 1 1 .0 0 .  O alc . CgH^Og C, 6 6 .6 7 ;  H, 1 1 .1 0  %.

T e r t -b u t y l  ofat -d im e t i iy le th o x a lo e c e ta te  Bt0J3.C0.C (M e),. .C 0jtB u  

was prepared by condensing  d i e t h y l  o x a la t e  and t e r t - b u t y l  

i s o b u ty r a te  u s in g  sodium tr ip h e n y lm e th id e , as d e sc r ib ed  f o r  

ethyl^ol -d im e th y le th o x a lo a c e ta te .  T e r t -b u ty l  iso b u ty r a te  

(2 8  gm s., 0 .1 9  mole) was added w ith  shaking  to sodium 

tr ip h en y  lm eth ide ( 0 .1 9  m ole) in  e th e r  (1300  m l . ) .  A f te r  

23 m inutes a t  room tem perature d i e t h y l  o x a la te  (28  ml. 8 .1 9  

m ole) was added w ith  sh ak in g . A f te r  s ta n d in g  15 m inu tes,  

g l a c i a l  a c e t i c  a c id  (1 5  m l . )  was added and the  mixture  

e x tr a c te d  w ith  water (1 0 0 ^ 1 ) .  The e th e r  s o l u t i o n  was 

washed w ith  sa tu r a te d  sodium b ic a r b o n a te ,  d r ied  w ith  sodium  

su lp h a te  and the  s o lv e n t  d i s t i l l e d .  The re s id u e  was 

f r a c t io n a t e d  in  vacuo. T e r t - b u ty l  U&. -d im e th y le th o x a lo a c e ta te  

(23  gms. k3  %) had a b .p .  10 i |°~105° / i 4mm. n2Q « 1.1*252.

Found 0 ,  5 8 .8 5  H, 7 .9 .  O alc . f o r  C, 59 .05  H, 8 .2  $*

VffiSTHKIMER g i v e s ,  Y ie ld  40 %, n2Q= 1 .4 2 5 7 ,  b .p .  10 7 ° - 1 1 1/7«mu 

Note

The t im es g iv en  must be s t r i c t l y  adhered t o 5 i f  exceed ed ,  

s t a r t i n g  m a te r ia l  i s  o b ta in ed .

H y d r o ly s is  o f  t e r t - b u t y l ^ - d i m e t h y l e t h o x a l o a c e t a t e  

In  order to  h yd ro ly se  th e  e t h y l - t e r t - b u t y l  e s t e r  to the
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IZ
m ono-ethyl e s t e r ,  EtO^O^COCCMeJ^COgfi* 10 gras, o f  the  

form er were mixed w ith  an equal volume o f  a sa tu r a te d  

s o l u t i o n  o f  hydrobromic a c id  in  g l a c i a l  a c e t i c  a c id .

A fte r  5 m inutes a t  room tem perature, the  m ixture was 

p la c ed  in  a vacuum d e s i c c a t o r .  The a c e t i c  a c id ,  hydrogen  

bromide and t - b u t y l  bromide were removed by pumping o f f  

th e  g a s e s  (m ech an ica l pump, D rikold  and l iq u id  oxygen  

t r a p s )  f o r  s e v e r a l  hours and then  a l lo w in g  the  m ixture  

to  stan d  in  vacuum w ith  so d a -lim e  o v e r n ig h t .  Y ie ld  o f  

crude l iq u i d  monoester 55 %• The s y n t h e s i s  o u t l in e d  above 

were adopted because  h y d r o ly s is  o f  the  d i e t h y l  e s t e r  o f  

d im e th y lo x a lo a c e t ic  a c id  lea d s  to  th e  u n d es ira b le  monoethyl 

e s t e r  HO^C.CO.CCMe^.OO^Et. Wo means could  be found to 

com plete  t h i s  h y d r o ly s is  to  g iv e  the  d ia c id .  Presumably  

the  carb oxy l group a d ja cen t  to  the  quaternary carbon atom 

i s  s t e r i c a l l y  p r o te c te d .  The s y n t h e t ic  method here  

adopted ta k e s  advantage o f  th e  f a c t  th a t  t - b u t y l  e s t e r s  

can be  c le a v ed  by a mechanism (presum ably through a 

s o lv a te d  carbonium io n )  u n a v a i la b le  to  th e  corresp ond ing  

e th y l  e s te r *

- d im e th y lo x a lo a c e t ic  a c id  HO^C.CQ.C(Me)r,.COgH 

5 gms. o f  th e  crude monoester E t0 oC.C0.C(Me)o .C0_H wered d d
h yd ro lysed  to  th e  d ia c id  by adding i t  to  50 ml. o f  

co n cen tra ted  h y d ro ch lo r ic  a c id  and a l lo w in g  th e  m ixture

to  stand  2 -3  d ays . The s o l u t i o n  was then p la ced  in  a stream o f  

dry a i r ,  in  order to  remove as much h y d ro ch lo r ic  ac id



and e t h y l  a lc o h o l  as p o s s ib le #  The r e s id u e  was d i lu t e d  w ith

water and e x tr a c te d  fo u r  t im es  w ith  ether* The e th e r  la y e r

was d r ie d  w ith  sodium su lp h a te  and th e  e th e r  removed in

a stream  o f  dry a ir#  The ac id  was r e c r y s t a l l i s e d  tw ic e

from sod iu m -d ried  b en zen e . Y ie ld  3 gms#, m#p# 10U °-105°  
(decom p#)• Found C, i*U.8j H, U .8; M (b y  t i t r a t i o n  a g a in s t

a l k a l i )  162 .U . C a lc u la ted  f o r  OgH8<>5 , C, 1*5.0; H, 3 .0  %

M# 160 .1#  The o v e r a l l  y i e l d  from t - b u t y l  -d im e th y l

e th o x a lo a c e ta te  was 33 %*

P yruvic  a c id  CH^.CO.CO Ĥ

was ob ta in ed  from B.D.H. and was vacuum d i s t i l l e d  tw ic e ,  

th en  f r o z e n ,  (m.p. 1 3 ° ) .  Found (by t i t r a t i o n  a g a in s t  

a l k a l i )  M. 8 8 .2 .  C a lcu la ted  f o r  M. 8 8 .1 .  Only

f r e s h l y  prepared aqueous s o l u t i o n s  were u sed , s in c e  i t  

was found d u rin g  p o te n t io m e tr ic  measurements th a t  aqueous 

pyruv ic  a c id  s o lu t io n s  were d e f i n i t e l y  u n s ta b le  i f  kept  

f o r  some days#
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2 ) Measurements

S p ectro p h o to m etr ic  measurements were c a r r ie d  out u s in g  a 

H ilg e r  U visp ek  sp ectrop hotom eter  f i t t e d  w ith  a standard  

quartz prism* S p e c tr a ,  u n le s s  o th e rw ise  s t a t e d ,  were 

measured a t  room tem perature (2 0 ° )  in  a p a ir  o f  standard  

1 cm* quartz  c e l l s  capable  o f  h o ld in g  3 ml* o f  so lu t io n *

K in e t ic  runs were c a r r ie d  out in  s im i la r  c e l l s  a t  room temperature  

(2 0 ° )*  I n  a l l  c a s e s  th e  m e t a l - io n  s o l u t i o n  was used as  

"blank* 2 ml. o f  o x a lo a c e t ic  a c id  were p ip e t te d  in to  the  

c e l l ,  fo l lo w e d  by 1 ml* o f  th e  m etal io n  s o l u t i o n .

Timing was begun when h a l f  th e  p i p e t t e  had d ra in ed . The 

s o l u t i o n  was then  r a p id ly  shaken f o r  30  seconds and 

read in gs  begun a t  k5  s e co n d s ,  on the i n i t i a l l y  checked  

in s tru m en t. Headings were taken a t  15 second i n t e r v a l s .

D i s t i l l e d  water and ^.R* s p e c tr o s c o p ic  s o lv e n t s  were 

used In a l l  c a s e s .  E ther  was f i r s t  d r ie d  w ith  sodium w ire ,  

then  r e f lu x e d  ov er  sodium f o r  s i x  hours and d i s t i l l e d .

I t  was th en  kept in  a dark s e a le d  b o t t l e  p r o te c te d  by a 

s i l i c a  g e l  guard tube. In a l l  e a se s  where a c cu ra te  

tem perature c o n tr o l  was r e q u ir e d ,  a H i lg e r  water ja ck e t  

was used in  co n ju n c t io n  w ith  a , C ircotherm f u n i t .

P o te n t io m e tr ic  measurements were made by means o f  a 

Cambridge b en ch -ty p e  pH-meter and a commercial g l a s s  

e le c t r o d e .  The d i s s o c i a t i o n  c o n s ta n ts  o f  d im eth j^ loxa loace tic
o.

a c id  and i t s  a s s o c i a t i o n  co n sta n t  w ith  Cu ion s  were 

obta in ed  from th e  M&S&IMSC pHf s o f  s o lu t io n s  measured



7fe
w ith  a g l a s s  e le c t r o d e  in  th e  c e l l ,

AS AgOl, HC1 (0 .2H ) g l a s s so In .  under s a t . Calomel
S tu dy KOI

The g l a s s  e le c t r o d e  was made from Corning 015 g l a s s  and 

had a r e s i s t a n c e  o f  20 megohms* P o t e n t i a l s  were measured 

on a T in s le y  p o te n t io m e te r  read ing  to  0*05 m v., q v a lv e  

v o l tm e te r  b e in g  used as n u l l - p o in t  i n d ic a t o r .  The e le c t r o d e  

sy stem , as f o r  th e  Cambridge m eter , was s ta n d a rd ised  u s in g  

B.D.H. t a b lo id  p h th a la te  b u f f e r  pH h.01 a t  25° and B.D.H. 

t a b lo id  phosphate b u f f e r  pH 6 .9 9  a t  25° . The f a c t o r  f o r  

c o n v e r t in g  e .m . f .  in to  pH was co n sta n t over  the  whole 

b u f f e r  range. The calom el e le c t r o d e  and a beaker  c o n ta in in g  

th e  g l a s s  e le c t r o d e  and f i t t e d  w ith  a s t i r r e r  were mounted 

i n  a water b a th  kept a t  25°

0 .0 7 0 0  gm* o f  o&< -d im e th y lo x a lo a c e t ic  a c id  were 

d i s s o lv e d  in  75 ml. o f  d i s t i l l e d  water and th e  r e q u i s i t e  

amount o f  0.2H HC1 or  HaOH added ( u s u a l l y  1 -2  m l.)*  20 ml. 

o f  t h i s  s o lu t io n  was used to  r in s e  out the  c e l l .  50 ml. o f  

th e  s o l u t i o n  was then p ip e t t e d  in to  th e  c e l l  and a llow ed  

to  e q u i l i b r a t e .  While s t i r r i n g ,  the  r e q u i s i t e  amount o f  

0.1M GuGlg was p ip e t t e d  in  ( 1 -2  m l . ) ,  when th e  p i p e t t e  

was h a l f  drained  t im in g  was begun. E.M.F. read in g s  were 

taken a t  approxim ate ly  2 minute i n t e r v a l s ,  v a lu e s  were then  

e x tr a p o la te d  to  th e  tim e o f  m ix ing , t h i s  was n e c essa ry  s in c e  

a slow  d r i f t  in  E.M.F. occured due to  d e c a r b o x y la t io n .



The d i s s o c i a t i o n  co n sta n t  o f  p yru v ic  a c id  and i t s
2-fa s s o c i a t i o n  co n sta n t  w ith  Cu io n s  were measured in  

a s im i la r  manner; in  t h i s  c a se  no d r i f t  in  E.M.F* 

w ith  tim e oecured*

Manometric measurements were c a r r ie d  out u s in g  the  

apparatus d e sc r ib e d  in  d e t a i l  in  F art 2*

Grade v o lu m e tr ic  apparatus and *&•&•* r ea g e n ts  were 

used throughout*



I n f r a - r e d  Assignm ents

I t  was found th a t  th ose  compounds capable  o f  e n o l i s a t i o n  

such as S t 0 2C.C0.CH2.C02Bt and HO^.CO.CHg.COgEt gave  

two bands in  th e  carbonyl r e g io n  o f  th e  in f r a - r e d ,  w h ile  

E t0 2G#00.C(Me)2^C02®t and E t02C.C0.C(Me)2 #C02tBu gave  

s i n g l e  bands. ( F ig  2 .) .

mot** a

E tO ^ C .C O .C H ^ C ftjE t HO^C»CO.CVta .C O a e t  ttO aC .C O v C C M O z'C O aE fc  CO.C{l-Je*| 2 < CO2^/3Lt

(twiJ Fium) Cwujs*. Hua) (Thim Film’) (Thin

n
These o b s e r v a t io n s  agree  w ith  th o se  made by RASMUSSEN*

-1E t h y l - d i m e t h y l  a c e t o a c e t a t e  shows a s i n g l e  band a t  1727 cm ,

examined in  d i l u t e  s o l u t i o n ,  i t  i s  se en  th a t  th ere  i s  8 s tr o n g
—1component a t  1718 cm. and a weaker one appearing as a sh o u ld er  

—■Ia t  17^2 cm. , th e s e  are a sc r ib e d  to  th e  ketone  and e s t e r  

carbonyl groups r e s p e c t i v e l y .  E th y l qC -m e th y la c e to a c e ta te  and
—1e th y l  a c e t o a c e t a t e  each e x h ib i t  an a d d i t io n a l  band near 1 650 cm. 

a s c r ib a b le  to  th e  conjugated  c h e la t e  r in g ,
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o f  th e  en o l  low ering  th e  carbonyl frequency* That e n o l i s a t i o n  

i s  o n ly  p a r t i a l  i s  se en  from th e  p e r s i s t e n c e  o f  a s tr o n g  

1730 emT1 band.

I n fr a -r e d  sp e c tr a  o f  m etal c h e la t e s

P r a c t i c a l l y  no work on th e  in f r a -r e d  sp e e ta  o f  m etal c h e la t e s  

has been  c a r r ie d  ou t;  in  f a c t  o n ly  f i v e  papers ( a l l  on

-d ik e to n e  d e r i v a t i v e s )  have heen  p u b lish ed  up to  1957*^ 22

I t  has been  shown th a t  in  a e e ty la c e t o n e  com plexes, 

th e  com plete  resonance betw een th e  forms ( 1 )  and ( 2 ) le a d s  

to  m o d if ic a t io n  o f  th e  c h a r a c ter  o f  b o th  C —0 and C—0 l in k s *  

<As a r e s u l t  b o th  take  double  bond character*

I i
C Gv/ /  ^ /  \- c  0 -  -c  >0 -

* II «— » II I
0 Q 0  0

\  \  /
( 1 ) 0V 2  ba/ 2  ( 2 )

Two bands o f  ap p rox im ately  eq u a l in t e n s i t y  a re  shown in  th e  

sp e c tr a  and b y  an a logy  to  th e  io n is e d  carb oxy l group,

0 0 ~
c -  <— > c —

-  /  / /0 0
2 3 - 2 ^

th e s e  have been  a ss ig n ed  by LECOMPTE to  th e  assyr^ etr ic  and 

sym etr ic  v ib r a t io n s  o f  th e s e  two groups, S a l ic y la ld e h y d e  

i s  an e x c e p t io n  as o n ly  one s tr o n g  band i s  shown, presumably  

in d ic a t in g  th a t  owing to  th e  weaker double bond in v o lved  

th e  resonance i s  l e s s  complete*



(3U)

T ab le  1 A ssigned  carbonyl f r e q u e n c ie s

Frequency cm 

a c e ty la c e to n e  1724

1608

-1

b e n z o y l a c e t o n e 1724

1600

s a l ie y la ld e h y t e  1668

A ssignm ent S tr u c tu r e s  

k eto  CH3CO*OH2 *COCH.

en o l
c h e la te

k eto

e n o l
c h e la te

c h e la te

/ / C H X
CH,— C 0 —CH,

3  I |l 3
0 0

\  /
H*

C^H-.COaCH^.COCH,6 5 2 3

CHv
&C/-Hc— C 0 —GH-

6 5 j |, 3
0 0

\
H"

CH

a c e t o a e e t le  e a te r  1733 e a te r  00 CH^.CO.CH^COgKt 

k eto  00

CH
1645 e n o l CH,— 0 C -O E t

c h e la te  3 I It
0 0
\  /

E '

These v a lu e s  are  compared w ith  th o se  o f  th e  m etal c h e la t e s  

(T ab le  2)#



Table 2 Oarbonyl f r e q u e n c ie s  (cm~^) o f  m etal c h e la t e  compounds 

S a l ic y a ld e h y d e  (N u jo l)  i^ eety laee ton e  (CHCl^)

Cu 1608 1580 1390

Co 1656 1586 1373

Hi 1652 1605 1389

Mg 1681 1590 1397

Zn 1658 1577 1375

Fe mm 1575 1370

Cd 1650 - -

S a l ic y la ld e h y d e  C h e la te s

do not show any second C-0 a b so r p t io n  comparable in  i n t e n s i t y  

w ith  th e  f i r s t ,  and in  some c a se s  th e  carbonyl a b so rp t io n  

i s  not f a r  removed from th a t  o f  s a l i c y la ld e h y d e  i t s e l f *

The carb onyl group thus r e t a in s  a t  l e a s t  a p rop ortion  o f  

i t s  o r i g i n a l  character*  There appears to  be l i t t l e  resonance  

between s t r u c t u r e s  ( a )  and ( b ) .

CH

(a

0

bu /2
NkAcK''

O
t
Ou/2

0>)

25
MELLOH and M$LEY g iv e  s t a b i l i t y  c o n sta n ts  f o r  the  s a l i c y la ld e h y d e  

c h e la te s *  Cadmium, ir o n  and manganese are  om itted  as th e r e  

appears to  be some doubt as to  whether th ey  are  mono or  

d l - s a l i c y a ld e h y d e  com plexes. I t  w i l l  be seen  th a t  the



carbonyl s h i f t  f o l l o w s  th e  o rd er ,  Cu > Hi > Co > Zn> K  Mg, 

which i s  th e  usual order  o f  s t a b i l i t y  o f  b iv a le n t  m eta l

com plexes. When th e  carbonyl freq u en ces  are  p lo t t e d  a g a in s t
/ % 2S th e  s t a b i l i t i e s  ( l o g  &*ven MELLOR a s t r a ig h t  l i n e

r e l a t io n s h ip  i s  found* F i g .3 ,

I t  should  th e r e fo r e  be  p o s s i b l e  to  u t i l i s e  I*R.

measurements to  determ ine d i r e c t l y  th e  s t a b i l i t i e s  o f

o th e r  c h e la t e  compounds o f  b iv a l e n t  m eta ls  w ith  s a l ic y la ld e h y d e *

In  a d d i t io n  a p l o t  o f  atom ic number a g a in s t  frequency

(c a r b o n y l)  r e s u l t s  in  a curve which i s  s im i la r  in  shape
2̂  r-

to  th a t  d er iv ed  by IRVING and WILLIAMS. Ftg.3.

A c e tv la c e to n a te  c h e la t e s

The f r e q u e n c ie s  o f  th e  f i r s t  carbonyl a b so rp t io n  in  m etal

a c e t y la c e t o n a t e s  i s  e s s e n t i a l l y  the  same, and o n ly  Wi and

Mg show any departure  from th e  common value* Resonance

e f f e c t s  are c l e a r l y  o p e r a t in g  s u f f i c i e n t l y  s t r o n g ly  to

dwarf any v a r ia t io n s  in  frequency  which might be expected

to  f o l lo w  a l t e r a t i o n s  in  th e  m eta l. The second carbonyl
—1a b so r p t io n  near 11+00 cm* shows r a th e r  more v a r ia t i o n ,  

but th e r e  i s  no obvious r e la t io n s h ip  w ith  s t a b i l i t y *

O x a lo a c e ta te  c h e la t e s

S in ce  th e  m etal c h e la te  ( c )  had been  prepared , i t s  in fr a -r e d  

spectrum  was taken on a ’Unlearn’ in s tru m en t.
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OSt CH OSt , CH
G C X C0oS t  C —  0 TCOJSt

//  \  ’ * /  ^\ *
0̂  0 0 p

'Cu/ 2  ^  ^  Gu/2 ^

The asBigm ents g iv e n  fofr th e  e s t e r ,  by  comparison w ith  i t s

d im eth y l d e r iv a t i v e  are  1745  om.7  ̂ ( e s t e r  ca rb o n y l) ,  1723 cm^

( k e t o n e ) ,  1650 cm7 (e n o l  c h e la te )*  The copper c h e la te

should  resem ble s a l ic y a ld e h y d e  com plexes, s in c e  l i t t l e

resonance w i l l  be  in v o lv ed  betw een s t r u c t u r e s  ( c )  and ( d ) ,
—1and should  show an In te n se  C—0"~M band around 1608 cm.

—1w ith  o n ly  a v ery  weak band in  th e  r eg io n  o f  1380 cm.

(r e s o n a t in g  s c e t y l a c e t o n a t e s ) .  In  the  a c e t y la c e to n a te s
-1  '* th e r e  i s  a band around 1515 cm. , a t t r ib u te d  by LKCOMPTE

to  0 - 0  in  th e  en o l  s t r u c t u r e .  There should a l s o  be an
-1e s t e r  carbonyl a b so rp t io n  around 1735 Om • A l l  th e s e  bands

are  ob served . F i g . 4 .

T h is  specfiam g iv e s  fu r th e r  e v id en ce  th a t  c h e la t io n

o f  a m etal ion  by a ketone  r e s u l t s  in  a v ery  c o n s id e r a b le

carbonyl s h i f t  o f  over 100 j (1745 1605 cm7  ̂ ) = 141 cnu^J
—1w h ile  i n  th e  a c e t y la c e t o n a t e s  th e  s h i f t  i s  144 cm. f o r  the  

copper io n .

The magnitude o f  th e s e  s h i f t s  i s  comparable w ith  the  

s h i f t  produced by c h e la t io n  w ith  the  e n o l;  thus a c e t y la c e t o n e  

g i v e s  a s h i f t  o f  116 cm. (k e ton e  to  en o l c h e l a t e ) ,  and b en zo y l

—1a ceto n e  a s h i f t  o f  124 cm. •
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Part 1 Results and -Discussion

The m etal io n  c a ta ly s e d  d ecom p osit ion  o f  o x a lo a c e t ic ,  a c id  

to  p y ru v ic  a c id  and carbon  d io x id e  in v o lv e s  th e  in t e r a c t io n  

o f  m etal io n s  w ith  o x a lo a c e ta t e  in  th e  i n i t i a l  s t a t e ,  and 

w ith  pyruvate  in  the  f i n a l  s ta te *  These s t a t e s  can he  s tu d ie d  

d i r e c t l y  hy thermodynamic methods, w h ile  in t e r a c t io n  in  th e  

t r a n s i t i o n  s t a t e  i s  in d ic a t e d  hy k i n e t i c  measurements*

For th e  i n i t i a l  s t a t e ,  experim ents were made w ith  

o x a lo a c e t ic  a c id  ( I ) , M  -d im e th y io x a lo a c e t ic  a c id  ( I I ) ,  

which cannot e n o l i s e ,  e t h y l  o x a lo a c e ta t e  ( I I I ) ,  which cannot  

d e c a rh o x y la te  or  form, a d ic a r h o x y la te  complex, and e th y l  

-d im e th y lo x a lo a c e ta te  ( I V ) , which cannot e n o l i s e  or  he  

d eca rh o x y la ted  and can o n ly  form a k e to n ic  <*-oxo c a rh o x y la te  

complex*

H020 . 0 0 • GH2 . C02H H020 . 0 0 . C(Me) 2 . 002H H020*CO.CH2 *C02Et

( i ) ( i d (h i )

H020.C0.C(Me)2.eG2Bt

(IV)

*  /
r  / The r e s u l t s  o f  th e  work on m eta l Ion c a ta ly s e d  d e c a r b o x y la tio n  

ih a v e  a lr e a d y  b een  p u b lish ed  (GrELLES and H AY,J.C .S.( 5673 (1958)»
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MA; V a = £maM m2+] £a2-J (1

A s s o c ia t io n  C on stan ts  a t  25°

1) O x a lo a c e t ic  Acid ( I )

A d e t a i l e d  stu d y  o f  the  a s s o c i a t i o n  e q u i l i b r ia  has been made
t(o

by GSLLBS. In  th e  pH range i n v e s t ig a t e d  th e  s i g n i f i c a n t  

a s s o c i a t i o n  e q u i l i b r ia  a r e ,

M2+ + A2~ =

M2+ + liA ^  U2A2+; Kg a 2+ m |_M2A2+j /£ M 2+j  [maJ (2 )
2k

2+  2—where M r e p r e se n ts  a m etal io n j  A th e  o x a lo a c e ta te

a n io n , and and ^ ^ 2 +  are  th e  thermodynamic a s s o c i a t i o n  

c o n s t a n t s ,  (T a b le  1 ) .

T able  1 I s s o c i a t i o n  c o n s ta n ts  o f  th e  o x a lo a c e ta te s

10' -3

Ca2+ Mn2*

+CMOo

Zn2+ Hi2* Cu2+

O.U 0 .7 1*4 1 .7 3 .2 75

1 1 2 2 1 .510-2  £,, .2+
2

2) -dime thy  l o x a lo a c e t i c  Acid ( I I )

The i o n i s a t i o n  c o n sta n ts  were c a lc u la te d  from th e  pH o f
21

m ixtures o f  th e  a c id  w ith  va ry in g  p r o p o r t io n s  o f  a lk a l i*  

The pH v a lu e s  were e x tr a p o la te d  to  th e  tim e o f  a d d it io n  

o f  a lk a l i*

I f  th e  t o t a l  c o n c e n tr a t io n s  o f  th e  d ic a r b o x y l ic  

a c id  and o f  sodium hydroxide are  a and b r e s p e c t i v e l y ,



(ho)

and

L = b + [ h+] ,  M = a -  b -  [ h+]  ,  H = 28 -  b -  [ h+]  , joH“ j<* | h +]

th en  [£ h +J 2 L f2 /  n ]  = | [h -̂  Mf2 /  Nf., ]  K., + % ^ 2  (3 )

o r  I  »  YK., + (1+)

where and are  th e  two thermodynamic i o n i s a t i o n  c o n s ta n ts

K1 « [ h+} £ ha~ ]  / [ h2a]  ; k 2 = £h+]  P 2" ] /£ ha“J

Square b r a c k e ts  and b r a c es  are  used to  in d ic a t e  c o n c e n tr a t io n s  

and a c t i v i t i e s ,  r e s p e c t iv e ly *  and f^  are  io n ic  a c t i v i t y  

c o e f f i c i e n t s  f o r  u n iv a le n t  and b iv a le n t  i o n s ,  c a lc u la t e d  from 

the  D avies  eq u a tio n ,

-  lo g  t z  = 0 .5  Z2 ( i ^  /  1 + 1^ -  0 .2  I )  ( 5 )

The i o n i c  s t r e n g th  I  i s  c a lc u la t e d  from s u c c e s s iv e  approxim ations*  

f 0 th e  a c t i v i t y  c o e f f i c i e n t  f o r  an uncharged s p e c ie s  i s  l i t t l e  

d i f f e r e n t  from u n ity  a t  i o n ic  s tr e n g th s  below 0 .01* (The 

h ig h e s t  io n ic  s t r e n g th  used was 0.0125^* and are  

o b ta in ed  from th e  s lo p e  and in te r c e p t  o f  th e  l in e a r  p lo t  o f  

X a g a in s t  Y. The r e s u l t s  o f  some pH measurements and th e  

q u a n t i t i e s  X and Y are  g iv e n  in  Table 2

Table 2 I o n i s a t i o n  c o n s ta n ts  o f  M . -d im e th .v lo x a lo a c e t ic  a c id

103a ......................  5 .7 6  5 .6 7  5 .7 6  5 .5 9  5 .5 2

l o ^ b ...................... 2 .8 8  3.41 it. 56  6 .7 4  9 .4 0

pH ......................  2 .6 6  2 .7 7  3 .3 1 5 4 .0 2 5 4 .9 9

108X ......................  298 185 136 0 .9 8  0 .0 6 2

106Y ......................  142  9 3 .8  4 0 .8  - 2 0 .7  - 2 8 .4

^  = 1 . 7  x  10“2 ; K2 = 2 .4  x 10~5 .
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The v a lu e s  ob ta in ed  f o r  th e  i o n i s a t i o n  c o n s ta n ts  can be  

compared w ith  approximate v a lu e s  o f  3 x 10 and 1 .7  x 10  ̂

ob ta in ed  hy an in d ic a t o r  method a t  I  = 0 .5*  and c o rrec ted  

to  zero  io n ic  s tren g th *  ^

I n  th e  p resen ce  o f  copper the  pH changed w ith  tim e due to  

d e c a r b o x y la t io n  o f  th e  copper c h e la t e  compound; measurements 

could he made o n ly  over  a l im i t e d  range o f  pH and metal i o n  

c o n c e n tr a t io n .  The pH curve was e x tr a p o la te d  to  the tim e o f  

a d d i t io n  o f  m etal ion* The two i o n i s a t i o n  e q u i l ib r ia  o f  th e  

a c id  ( I I )  a r e ,

H2A ^  HA" + H+ and H A"# A2" + H+ ( 6 )

I f  th e  o n ly  s i g n i f i c a n t  a s s o c i a t i o n  e q u il ib r iu m  i s

m2+ + a 2"  ^  ma 5 K,^ = £ma}/£m2+] £ a 2"} ( 7 )

w© have f o r  th e  c o n c e n tr a t io n  o f  th e  a c id  ( I I )

Ca = [HgA] + £ « “] +  l>2j  + CMA]

f o r  th e  t o t a l  copper io n  c o n c e n tr a t io n

cH = [m2+J + [ ma]  (9 )

and f o r  e l e c t r o n e u t r a l i t y  ( OH" ■ CC H+ )

2[M2+J + M  + |H+J = C01-J + [HA-]  + 2 [A 2 "] (1 0 )

The i o n i c  s t r e n g th  and th e  i o n i c  a c t i v i t y  c o e f f i c i e n t s  are  

ob ta in ed  by s u c c e s iv e  approxim ations;

I = 0.5 ( u[M2tl + |H+l + [ha-;] + ujA21 + |~Naf| -f_Cljj ( 1 1  ;



(**2)

from eq u a tio n s  ( 6 )  -  (1 0 )  we o b t a in ,

[ h2a] ( 2 + V ^ 2 f l )  = ♦ 2Ca -  20m -  [Ha+]  -  & +]  (1 2 )

The c o n c e n tr a t io n  o f  a l l  o th e r  s p e c i e s ,  and hence th e  

a s s o c i a t i o n  c o n sta n t  , can h e  c a lc u la te d *

T ab le  3 A s s o c ia t io n  co n sta n t o f  cooper g te -d im e th y lo x a lo a c e ta te

103Ca 10\ 103 HC1 pH I

5 .6 1 1 .9 6 5 .1 0 2 .08 0.011+1 55

5 . 3 8 3 .8 5 7.1+0 1 .9 9 0 . 0 2 1 5 51

5 .5 k 3 .8 5 2 .5 3 2 .1 6c 0 .0169 h5
5 . 2 6 7.U1 7 .1 2 2 .0 0 0 .0 3 1 6 ho

In  v iew  o f  e r r o r s  due to  rap id  d e c a rb o x y la t io n  o f  the  c h e la t e  

compound th e  con stan cy  o f  th e  v a lu e s  o f  g iv e n  in  Table 3 

must b e  regarded as s a t i s f a c t o r y ,  a lth ou gh  the  range o f  pH 

s tu d ie d  i s  to o  sm a ll  to  ex c lu d e  th e  p resen ce  o f  o th e r  complexes*
•at

I t  i s  noted th a t  th e  average v a lu e  o f  kQ x  1CK i s  o f

th e  same order  o f  magnitude as th e  a s s o c i a t i o n  co n sta n t  o f  

copper o x a lo a c e ta te *  (c* f*  Table 1)*

E th y l  o x a lo a c e ta t e  ( i l l )

The thermodynamic i o n i s a t i o n  co n sta n t  o f  t h i s  monobasic

a c id  was determ ined in  the  u su a l way, by measurements w ith

a g l a s s  e l e c t r o d e ,  to  be 1 .9  x 10 which i s  s l i g h t l y

sm a lle r  than the  f i r s t  i o n i s a t i o n  co n sta n t  o f  o x a lo a c e t ic

ac id  ( 2 .7 9  x  Some measurements are i l l u s t r a t e d  in  Table 5#
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T ab le  5 I o n i s a t i o n  co n sta n t  o f  e t h y l  o x a lo a c e t a t e

103 [ila0Hj pH 1 0 ^

1.91+ - 2 .9 3 1 .8 9

1 .9 4 0 .4 9 5 3 . 0 7 5 1 .9 6

1 .9 4 0 .6 9 3 3 .1 5 1.91

1 .9 4 0 .9 9 3 .2 8 1 .9 0

0 .9 7 0 .7 5 3 .8 6 1 .8 3

Measurements o f  th e  pH o f  s o l u t i o n s  c o n ta in in g  copper io n s  

cou ld  not be  interpretjefced in  terms o f  th e  a s s o c i a t i o n  

e q u i l i b r i a  |

M2+ + A * ~  ^  MA+ (1 3 )

h 2+ ♦ a*1"  ^  ma2 (1 4 )

The data in  Table 6 show th a t  th e  hydrogen io n  c o n c e n tr a t io n

can exceed  th e  i n i t i a l  e s t e r  c o n c e n tr a t io n  when cu p r ic  

c h lo r id e  i s  added* T his im p l ie s  th a t  in  a d d it io n  to  e q u i l i b r ia  

(1 3 )  and (11+) th e r e  i s  a p p r e c ia b le  form ation  o f  an e n o l ic  

complex w ith  the  d isp lacem en t o f  a p roton ,

M2+ + A” + H* ( 15 )e

T able  6 Formation o f  an e n o l i c  copper complex from 

e t h y l  o x a lo a ce ta te*

103 [ l l l ]  2 .0 0  1 .9 6  1 .9 2  1 .8 8  1 .8 5  1 .8 2  1 .7 8

103 jcuCl"j -  1 .9 6  3 .85  5 .6 6  7.1(0 9 .0 9  10.71

pH 2 .9 0 5 2 .8 4  2 .8 0 5 2 .7 8 c  2 .7 7  2. 75c 2 .74c
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In  c o n tr a s t  to  e th y l  o x a lo a c e t a te ,  o x a lo a c e t ic  a c id  can 

form an e n o l i c  complex B from which a fu r th e r  proton  w i l l  

o n ly  h e  d is p la c e d  a t  a h igh er  pH* E quation ( 1 )  r e p r e se n ts  

th e  fo rm a tio n  o f  A and B* F o te n t io m e tr ic  measurements on  

o x a lo a c e t a t e s  were made in  a pH range in  which the  e n o l i c  

complex B* i s  not s i g n i f i c a n t *

0. .OH.
>Js / /  \

0 —  0 0 —0
A 5=2* B ^  /  \  | + H*

0 0 0

“  B

P y ru v ic  A cid

A v a lu e  o f  3*2h x  10"*  ̂ f o r  th e  thermodynamic i o n i s a t i o n  

c o n sta n t  has been  ob ta in ed  by PEDERSM^from p o te n t io m e tr ic  

measurements* A sp ec tro p h o to m etr ic  d e term in a tio n  o f  t h i s  

c o n sta n t  was c a r r ie d  out as a comparision* The 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  an ion  o f  p yru v ic  a c id  was ob ta in ed  

d i r e c t l y  from i t s  sodium s a l t .  A rough v a lu e  f o r  th e  f r e e  

a c id  was determ ined by measurements in  s tr o n g  h y d ro ch lo r ic  

acid* E quation  (1 6 )  was used to  c a lc u la t e  approximate v a lu e s  

o f  IA 1• [ H A ]  and the  thermodynamic d i s s o c i a t i o n  c o n sta n t  K*

£ ol3S = ( e A / \ r \  * Q »3

These were r e f in e d  by s u c c e s s iv e  app roxim ations. A c t i v i t y  

c o e f f i c i e n t s  were c a lc u la te d  from the D avies eq u a tio n .  

Table 7 shows a tprpical s e t  o f  r e s u l t s  c a lc u la t e d  from

( 1 6 )
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curve Of F ig  1* The average v a lu e  o f  3 .1 9  x 10~3 agrees  

v ery  w e l l  w ith  th e  v a lu e  o f  3*2h x 10~3 obta in ed  hy PEDERSi
5

Table 7 Spectrooh otoraetr ic  d e term in a tio n  o f  the d i s s o c i a t i o n  

c o n sta n t  o f  -pyruvic a c id

Wavelength ra/c i o 3 D T ] 103 jH+] 1 o3 [ ha] f 1 103K

300 7 .7 7 7 .7 7 1 5 .3 5 0 ,9 1 2 3*27

310 7.61* 7.62* 15.2*8 0 ,9 1 3 3*15

320 7 .6 6 7 .6 6 15.U6 0 .9 1 3 3*16

330 7* 66 7 .6 6 15 .^6 0 ,9 1 3 3 .1 7

I f  th e  monohasi c a c id i s  r ep re sen ted  hy HA

m ^  JT + H+

and I f  th e  o n ly  a s s o c i a t i o n  e q u il ib r iu m  i s

U2* ♦ A" *  m* ; 1^+ - £hA+3 /£k2+}£a"'] ( 18)

we hatre f o r  th e  t o t a l  c o n c e n tr a t io n  o f  m eta l

Cm * L"M2tl + (1 9 )

f o r  th e  t o t a l  w o n cen ira tion  o f  a c id

° a  = C M ] + [* " ] + [k * +]  ( 2 0 )
and f o r  e l e c t r o n e u t r a l i t y

[ l if l  + 2|M2tl + (? 0tl ♦ LM̂ tl * + I ( 2 1 )

I f  on th e  o th e r  hand, th e  o n ly  s i g n i f i c a n t  a s s o c i a t i o n  

e q u il ib r iu m  i s

. M2+ + 2A" ̂ MA2 J K =iM A2i / [ M 2+] i A “j 2 ( 2 2 >



(U6)

Then eq u a tio n s  ( 1 9 ) —(21 / become

° m “ \M2+J ♦ ( 2 3 >

c a *  ♦  ajMAgI ( 2 k )

CH+J  + 2 [m2+]  + [Na+J  = I c i ' j  + \* “]  ( 2 5 )
in  e i t h e r  c a se

L h a J  = [ c i “]  *  [ o j  “  “20m -  \ka+] -  [h +]  ( 26 )

th e  i o n i c  s t r e n g th  and a c t i v i t y  c o e f f i c i e n t s  are  ob ta in ed  

a s  b e f o r e ,  and th e  c o n c e n tr a t io n  o f  a l l  o th e r  s p e c i e s  can 

be c a lc u la te d *

The r e s u l t s  o f  some pH measurements on copper  

pyruvate  a re  g iv e n  in  Table 8 .

Table 8 A s s o c ia t io n  co n sta n t  o f  Conner -pyruvate

103C„ 103C„SI 10^ j c i “] 10^ |hTa^j pH l0 g 1 O^IA* lo g 10KMA2

2 .3 3 5 .0 105 5 .9 2 .8 3 2 .3 5 .0

2 .3 3 5 .0 105 1 1 .9 2 .9 8 2 .2 h .9

2 .3 9 5 .0 105 1 7 .9 3 .1 7 2 .3 14.9

7 .1 3 1 0 .0 21 2 .9 6 2 .7 5 3.1 U.8

9 .5 0 1 0 .0 21 3 .9 5 2 .6 9 U.2 U.8

A s s o c ia t io n  co n sta n ts  were c a lc u la t e d  on th e  assum ption  

o f  th e r e  b e in g  o n ly  one complex, MA* or  MAg* I t  can be  

se e n  th a t  th e  a s s o c i a t i o n  c o n sta n t  f o r  MÂ  remains 

approxim ately  c o n s ta n t ,  w h ile  th a t  f o r  MA changes as



( 7  )

the  Pyruvate/C opper r a t io  i s  in c re a se d ;  the  predominant 

s p e c i e s  i s  c l e a r l y

The monobasic a c id s ,  e th y l  o x a lo a c e ta te  and pyruvic  

a c id ,  tend to  form c h e la t e s  o f  the  type  w ith  no net  

ch a rg e . The compounds o f  e th y l  o x a lo a c e ta te  are more s t a b le  

than  th o se  o f  p yru v ic  a c id ,  which appear to  be e n t i r e l y  

k e t o n ic .  The d ib a s ic  a c id s ,  o x a lo a c e t ic  and ^ - d i m e t h y l  

o x a lo a c e t ic  a c id  tend to  form c h e la t e  compounds o f  the  

type  M$ w ith  no net charge, and th e se  appear to  have a s s o c i a t i o n  

c o n s ta n ts  o f  th e  same order o f  magnitude*

C h ela te  compounds from o x a lo a c e ta te  

The k e to n ic  c h e la t e  compound A.

C h e la te  compounds o f  o x a lo a c e t ic  a c id  are not e n t i r e l y  

k e t o n ic .  The k e to n ic  compounds are  decarb oxy la ted  to a 

s t r o n g ly  ab sorb ing  e n o l ic  pyruvate in te r m e d ia te ,  as are  

th o s e  o f  -d im e th y lo x a lo a c e t ie  a c id  ( I I  )* The monoester ( I V ) ,  

however, forms o n ly  s t a b le  k e to n ic  c h e la te  compounds.

F ig .  2 shows the  u l t r a - v i o l e t  a b so rp t io n  sp ec tra  f o r  the  

anion o f  e s t e r  ( r ? )  and f o r  i t s  copper c h e la t e  compound. 

Experim ents were c a rr ie d  out w ith  an ion  c o n c e n tr a t io n s  

o f  1 x  10"^ and 3*37 x 10"*-3 M. and w ith  copper c o n c e n tr a t io n s  

o f  1 x  10~2 and 3 .3 3  x 10“*2 M. The a s s o c ia t io n  c o n s ta n ts  

f o r  th e  copper c h e la te  compounds o f  e s t e r s  ( i l l )  and (IV)  

are  o f  th e  same order o f  m agnitude. With the  above  

c o n c e n tr a t io n s  the anion o f  e s t e r  (IV) should be com p lete ly
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U l t r a - v i o l e t  a b so rp tio n  o f
1 )  “0 2C.C0.C(M«)2.C02Et

2) th e  copper c h e la te .
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c h e la t e d ,  and t h i s  i s  borne out by the  constan cy  o f  the  

e x t i n c t i o n  c o e f f i c i e n t  as the  copper c o n c e n tr a t io n  i s  

in c r e a se d .  The d ~oxo peak occu rs a t  333 mju, ( £  =1*3). £ t  

295 m/c which i s  h max f o r  the  e n o l ic  c h e la t e  compounds,

£  I s  27 f o r  th e  anion  o f  e s t e r  ( IV ) ,  and 68 fo r  the  

copper c h e la te #  K eton ic  c h e la t e s  o f  oC-oxo c a rb o x y la te s  

w ith  o th e r  t r a n s i t i o n  m etal io n s  are  a l s o  ex p ected  to  have  

e x t i n c t i o n  c o e f f i c i e n t s  o f  around 70 a t  295 myu# T his i s  

borne out by fu r th e r  sp ec trop h otom etr ic  measurements 

d e sc r ib e d  below*

The e n o l i c  c h e la t e  compound B

E n ols  H0•CRsCH•C0#R, have a b so rp t io n  maxima a t  about 260 m/±; 

on c h e la t io n  w ith  t r a n s i t i o n  m etal io n s  the  maximum a b so r p t io n  

o f  th e  e n o la te  io n  i s  s h i f t e d  to  h ig h er  w ave len g th s , and 

th e  e x t i n c t i o n  c o e f f i c i e n t  i s  in c re a se d  two o r  th r ee  fo ld #  

S tu d ie s  o f  e n o l ic  c h e la te  compounds in  chloroform  in d ic a t e  

t h a t  Amax and £  are not g r e a t ly  a f f e c t e d  by the  nature o f  

th e  b i v a l e n t  m etal i o n .  21

Fig* 3 shows th a t  th e  peak a t  c .a#  260 m /^is due to  

th e  e n o l  o f  o x a lo a c e t ic  acid# Fig# h shows the u l t r a - v i o l e t  

a b so rp t io n  sp ec tra  o f  o x a lo a c e ta te s  ( i )  and ( I I )  in  e th e r  

and l i g h t  petroleum  (b#p# 4 0 ° ) •  Both o x a lo a c e t ic  a c id  and 

e t h y l  o x a lo a c e t a te  appear to  be com p lete ly  e n o l is e d  

(A max = 295 m/* , £ =  8 ,8 0 0 )*  (O x a lo a c e t ic  ac id  i s  not 

d ecarb oxy la ted  in  th e s e  s o lv e n t s ) *

F ig  5 r e l a t e s  to  the  copper e n o la te  o f  e th y l  o x a lo a c e ta te  ?



PIG 3

U l t r a - v i o l e t  a b so rp tio n  o f  

1 ) H02C.C0.C(Me)2.C02H 

2) H02O.OO.CH2 .CO2H 

Both s o l u t i o n s  1 .2 5  *  1 0 T I ,

O'*
CM

CM

- £
CM

iC^Teuoa iBOTt<io

mo moo
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p i o  u

U l t r a - v i o l e t  a b so rp tio n  o f  H02C.C0.CH2 .C02H 
in  e th e r  end l i g h t  petroleum  ( h .p .  UO ) and 
f o r  H02C#C0#CH2 .C023t# in  ether#
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PIG 5

U l t r a - v i o l e t  ab sorp tion  o f  

Cu(Et02C.C0“ »CH.C02Et| i c  CHCl-j

Wavelength m /u

320260 280 300
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Cu {Et0 2C#(C0 ~):CH.C0 2E tJ 2 ( i n  chloroform ; Xmax = 295 m.jul 9 

£ = 2 x 10**)* The e n o l ic  peak o f  the  o x a lo a c e ta te  ( I I I )  

a t  260 nyxand the  s h i f t  o f  X max to  295 ny*on c h e la t io n  o f  

th e  o x a lo a c e ta te  w ith  Cu2* ,  N i2* ,  Zn2* and Co2+ io n s  in  

aqueous s o l u t i o n  i s  i l l u s t r a t e d  in  Fig* 6 * E n o l ic  

o x a lo a c e ta te  complexes are exp ected  to  haveXraax « 295 m/U- 

(£-~ 2 x  10**), a v a lu e  independent o f  s o lv e n t  or the  nature  

o f  th e  t r a n s i t i o n  m etal ion*

Speed o f  form ation  o f  c h e la t e s

A d d it io n  o f  m etal io n s  to o x a lo a c e t ic  a c id  under c e r t a in

c o n d it io n s  produces a r i s e  o f  o p t i c a l  d e n s i ty  w ith  t im e , F ig  7*
■t 3  $

which has heen a tr ib u te d '  to  th e  slow  form ation  o f  th e  

e n o l i c  complex B* The speed o f  fo rm ation  o f  the  c h e la t e  

compounds o f  e t h y l  o x a lo a c e ta te  ( i l l ) ,  which cannot he  

d e c a rb o x y la te d , has now heen  measured under comparable 

c o n d it io n s  and has heen  shown to  he  very  f a s t .  The o p t i c a l  

d e n s i t y  f i r s t  measured U5 seconds a f t e r  a d d it io n  o f  m etal io n  

changed very  l i t t l e  w ith  SSXK tim e. (T able  7 ) .  The form ation  

o f  a s t r o n g ly  absorb ing  in term ed ia te  on d e c a rb o x y la t io n  

must t h e r e fo r e  p la y  a part in  d eterm in ing  the changes in  

a b so rp tio n  sp ec tra  o f  m etal o x a lo a c e t a t e s .  The copper  

compounds are formed a t  a measurable r a te  a t  h igh  pH, but  

f o r  th e  o th er  m etal io n s  c h e la t io n  appears to  be complete  

w ith in  a f r a c t io n  o f  a f&inute a t  pH*s l e s s  than 6.
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V a ria tio n  o f o p tic a l  d e n s ity  w ith t l s e  (A- 290 my«.) 
f o r  HO2 C.CO.CH2 .CO2 H. [ i j  « 1 .25 x l0 “S i . f 
[ z n 2 *] = 3 .3 6  x 10“^ M. § [A ceta te ]  = 0.01M.
( 1 )  pH « 5 .3 0  (2 )  pH * 5 .6 6  (3 )  pH -  5.9U.

0.2U -

0 .2 3  -

0*22  -

0.21

0 .2 0

0 .1 9

0 .1 8

0.12

0.11

Time (m in u te s ) .



( 5 0 )

T able  7 Speed o f  form ation  o f  e t h y l  o x a lo a c e ta te  c h e la te s

[ i i i J  = 1 .2 0  x l O ^ .  pH = 5.3^4*

I n ] « 1 .1 h  x 10~^M. = 3 .2 0 X 1 0 S . Lcu2+J = 3 .2 3 x 1 0 ~ \ l .

PH
T ime

( s e c s . )  O.D. PH
Time

( s e c s . ) 0 .D .a
Time 

( s e c s . ) o.uf
Time 

( s e c s .  ) 8 .D

5 .0 1+5 0 .07 25* 6 .5 60 0.1+63 U5 1 .1 0 120 1 .3 2 5

5 .5 1+5 0 .1 2 2 * 9 9 90 0.1+71+ 60 1 .1 6 0 1 50 1 .  31+2

6 .0 1+5 0 .2 0 7 * 9 9 120 0.1+77 75 1 .2 3 6 1 80 1 . 31*9

6 .5 1+5 0.1+57 9 9 

9 9

U80

600

0.1+80

0.1+80

90 1.27U 21+0 1 .3 5 0  

300 1 . 350

aAt 295 nyu # ^Steady v a lu e  

K e to -e n o l  e q u i l i b r ia

P rev io u s  s t u d ie s  o f  th e  e n o l  co n ten t  o f  o x a lo a c e t ic  a c id

in  aqueous s o l u t i o n  have heen  c o n f l i c t i n g .  By use o f  a
%

v a lu e  o f  8 ,8 0 0  f o r  £  max o f  th e  e n o l ,  HOSSJ^L’S sp ee tro p h o to m etr ie  

data  can he in te r p r e ta te d  in  terms o f  about 3 % o f  en o l  a t  

pH 2 in c r e a s in g  to  9 ^ at pH 5 .5 .  <At t h i s  pH the  a c id  i s  

alm ost e n t i r e l y  i n  th e  form o f  th e  d ia n io n .  The eno l  

co n ten t  as in d ic a te d  by th e  o p t i c a l  d e n s i ty  a t  260  m/U. 

remains co n sta n t  as th e  pH i s  in c r e a se d ,  u n t i l  an e n o la te  

ion  i s  formed with th e  l o s s  o f  a th ir d  proton a t  a much 

h i g h e r  pH.

The e n o l  c o n t e n t  o f  o x a l o a c e t i c  a c i d  and i t s  a n io n s



Pig* 8

D eca rb o x y la tio n  o f  d lm e th y lo x a lo a c e tlc  a d d  a t  
pH 13* Curve A shove th e  i t -k e to  a c id  peak a t  
1*3 h r s .  o f  d lm e th y lo x a lo a c e t ic  acid* Curve B 
ahova th e  o t-k eto  a d d  peak o f  I t s  decom poaltlon  
product d im eth y lp yru v ic  a c id  a t  15 hre*
So In* 1*66 x 10~2 M* Temperature 25°. 1 cm* c e l l s *

CM

vo CM

•if^Teuop xeoTido



has "been s tu d ie d  by comparing the  e x t i n c t i o n  c o e f f i c i e n t s  

a t  260 mjLLot a c id s  ( I )  and ( XI) a t  d i f f e r e n t  v a lu e s  o f  pH.

The v a lu e s  £ ( I ) = 420 , £  ( I I )  = 22, and £ ( e n o l ) = 8 ,8 0 0  

i n d ic a t e  an e n o l  jjiO^C• C ( OH) s CH.G 0 £ i\  co n ten t  o f  4 -5  % in  

u n d is s o c ia te d  o x a lo a c e t ic  a c id  ( i n  p e r c h lo r ic  a c id )*  A t  pH 6 , 

£  (I) m 850 , £ ( l l )  ss 92 and £ enol = 8 ,80 0  in d ic a t e  9 % Of 

("OgC.^OH) sCH.OOg J f o r  the  d ia n io n  o f  o x a lo a c e t ic  acid*

I n  th e  above pH range o p t i c a l  d e n s i t i e s  changed w ith  tim e  

owing to  d e c a r b o x y la t io n  and v a lu e s  wdre e x tr a p o la te d  to  

zero t im e . A t  pH 13 com plete e n o l i s a t io n  to  the  t r ia n io n  

"OgC .00*" % CH. CO g i s  in d ic a te d  by the  s t a b i l i t y  o f  th e  

s o l u t i o n .  No e v o lu t io n  o f  carbon d io x id e  or change o f  o p t i c a l  

d e n s i t y  w ith  tim e was d e te c te d  w ith  a c id  ( I ) ,  in  c o n tr a s t  to  

a c id  ( l l )  which co n tin u es  to  decompose a t  t h i s  pH, F i g . 8 .

The 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  e n o la te  io n  ( £ 2 6 0  = 3*200)  

i s  lower than th a t  o f  the  e n o l s .

K eto -e n o l  e q u i l i b r ia  in  the  m etal o x a lo a c e ta te s  were 

i n v e s t ig a t e d  by measurements o f  o p t i c a l  d e n s i t i e s  a t  295 m/^

( A max f o r  th e  e n o l i e  c h e la t e  compounds). The t o t a l  

c o n c e n tr a t io n  o f  c h e la t e  compound was c a lc u la te d  from the  

measured a s s o c i a t i o n  c o n s ta n ts  and th e  i n i t i a l  c o n c e n tr a t io n s ,  

and th e  approximate p ro p o r t io n s  o f  k e to n ic  and e n o l i c  form s,

A and B, were est im ated  by u s in g  the  v a lu e s  ^ 2 9 5 ^ ^  = 

and £ 2 9 5 (B) = 2 0 , 0 0 0 .

The p ro p o rtio n  o f  e n o l i c  complex in c r e a s e s  w ith  pH 

f o r  e th y l  o x a lo a c e ta te  ( I I I ) ,  s in c e  the  form ation  o f  the



e n o l i c  complex must in v o lv e  the d isp lacem en t o f  a proton  

(eqn  1 5 ) .  The v a r ia t io n  w ith  pH i s  i l l u s t r a t e d  in  Table 9* 

Under th e  c o n d it io n s  o f  th e se  experim ents the  monoester i s  

alm ost c o m p le te ly  che la ted*  At low pH’ s  and s u f f i c i e n t l y  

h ig h  c o n c e n tr a t io n  o f  z in c  io n  the  o p t i c a l  d e n s i ty  corresponds  

to  a c o n c e n tr a t io n  o f  k e to n ic  c h e la t e  ( £ = JO) equel to  

th e  i n i t i a l  c o n c en tr a t io n  o f  the  e s t e r  ( i l l ) *

Table 8 K eto~enol e q u i l i b r ia  f o r  z in c  and copper e th y l  

o x a lo a c e ta te

% E n o l ic  Oomplex 0 22 % E n o lic  Complex 8 20 l\5 55

With o x a lo a c e t ic  a c id  the  p o s i t i o n  o f  th e  k e to -e n o l

e q u il ib r iu m  betw een A and B should  be independent o f  th e  pH »

The l o s s  o f  a p roton  from th e  e n o l  B to  g iv e  the  complex B’

should  occur at h igh  pH, but th e  en o l  con ten t o f  the  m etal 

o x a lo a c e t a te s  does not appear to in c r e a s e  below pH 6 or 6 .5*

With th e  known a s s o c i a t i o n  c o n s ta n ts  and e x t i n c t i o n  

c o e f f i c i e n t s ,  HOSSAL’S sp ectrop h otom etr ic  data on copper  

o x a lo a c e ta t e  can be in te r p r e t» * e d .  In  the pH range h -6  the  

o p t i c a l  d e n s i t i e s  e x tr a p o la te d  to  zero tim e in d ic a t e  a 

c o n sta n t  p ro p o r t io n  ( c * a .  iqO %) o f  e n o l ic  complex* Experiments

10^ [ i l l ]

104 [zn2+]  

pHpH 2 .7 5  6 .5 0  pH 2.21* 2.5U h .3 k  5 .3 k

O.D. a t  295 0 .0 09  0.t*8 O.D. a t  295 m/<- 0 .2 0  0.51 1 .1 3  1 .3 6

2.21* 2.51* l*.3l* 5.31*

1 .2 5  1 .2 5  1 .2 5  1 .2 5

333 333 333 3 .3 3



on copper o x a lo a c e ta t e  ( [ i ]  = 1 .2 5  x 10_i|M ., jcu2+3  = 10“1M.)

a t  pH 2 and 3 gave e x tra p o la ted  v a lu e s  o f  the  o p t i c a l  d e n s i ty  

betw een 0*9 and 1 . 0 .  The o p t i c a l  d e n s i ty  f a l l s  very  r a p id ly  

w ith  tim e owing to  decarb oxy la tion *  These v a lu es  appear to  

in d ic a t e  th a t  th e  same p rop ortion  o f  e n o l ic  copper complex 

i s  m aintained over  th e  pH range 2 -6 .

Experim ents w ith  h igh  c o n c e n tr a t io n s  o f  z in c  ion  

a t  pH 2 -3  in d ic a t e  15 -20  % o f  enol* T his conten t appears  

to  be  m aintained up to  pH 6.5*  E i g . 7 shows the o p t i c a l  d e n s i t y  

tim e curves f o r  s e v e r a l  experim ents in  th e  pH range 5 - 6 . 5 ,  

th e  r i s e  i s  due to  th e  form ation  o f  a s tr o n g ly  absorb ing  

e n o l i c  pyruvate in term ed ia te#  The i n i t i a l  o p t i c a l  d e n s i t y  

appears to  be independent o f  pH and w ith  the known a s s o c i a t i o n  

co n sta n t  and e x t i n c t i o n  c o e f f i c i e n t  g iv e s  a p ro p o r t io n  o f  

e n o l i c  z in c  complex o f  about 15

F i g . 9 shows th e \  o p t i c a l  d e n s i ty - t im e  curves f o r  a 

t y p i c a l  s e t  o f  experim ents w ith  the  s e r i e s  o f  t r a n s i t i o n  

m eta l io n s j  the  r i s e  i s  a g a in  a t t r ib u t e d  to  form ation  o f  

an e n o l i c  pyruvate  in te rm e d ia te  on decarb oxy la tion*  The 

r e s u l t s  o f  th e se  experim ents are  c o l l e c t e d  in  Table 9*

O p t ic a l  d e n s i t i e s  are v a lu e s  e x tr a p o la te d  to  30 seconds  

a f t e r  a d d it io n  o f  m etal io n .  Owing to  u n c e r ta in t ie s  in  the  

e x t r a p o la t io n  o f  o p t i c a l  d e n s i t i e s ,  in  the  a s s o c i a t i o n  c o n s ta n t s ,  

and in  the  var io u s  e x t i n c t i o n  c o e f f i c i e n t s ,  th e  p ro p o r t io n s  

o f  e n o l i c  complex g iven  are  approxim ate.
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T able  9 K eto -e n o l  e q u i l ib r ia  fo r  m etal o x a lo a c e ta te s

O x a lo a c e ta te  d ian ion ;  i n i t i a l  pH = 6 .35  

DO = 1 .2 5  x  lO -^ k . (M2t l  = 3 .3 3  x  10-l+a .

D ian ion  Ca2+ Mn*+ Co2+ Zn2+ N i2+ Cu2+ 
10 ^ jja ]  -  0 .1 4  0 .2 4  0 .3 7  0 .4 3  0 .5 8  1 .2 5

O.D. a t  295 myU 0 .0 2 5  0 .0 3 5  0 .0 5 0  0 .1 2  0 .1 5  0 .2 7  1 .0

O.D. (B ) -  0 .0 1 3  0 .0 3  0 .1 0  0 .1 3  0 .2 5  1 .0

$  E n o l ic  Complex -  5 6 13 15 22 ho

P yruvate  c h e la te  compounds

The sp e c tr a  o f  f r e s h l y  prepared aqueous s o lu t io n s  o f  pyruvic  

a c id  and o f  m etal p yru vates  show no ev id en ce  o f  e n o l i c  s p e c ie s ,  

P yru v ic  a c id  and i t s  an ion  g iv e  keto  a c id  peaks a t  325 m/*- 

( J  # 5 ) and 318 m / u ( £ »  2 2 )* Copper pyruvate  shows no 

a b so r p t io n  maximum and appears to  h e  a lm ost e n t i r e l y  

k e to n ie  ( ^ 9 5  8:5 20Q) #



( 5 5 )

E n o lic  pyruvate in term ed ia te

A comparison o f  the  o p t i c a l  d e n s i ty - t im e  curves f o r  the  

m etal c h e la t e  compounds o f  e th y l  o x a lo a c e t a t e ,  which are  

not d e c a r b o x y la te d , Table 7 , and f o r  the  m etal o x a lo a c e ta te s  

P i g s . 7 and 9 ,  show th a t  the  r i s e  in  o p t i c a l  d e n s i ty  w ith  

tim e f o r  th e  o x a lo a c e t a t e s  (o th e r  than the  copper complex)  

must b e  due to  form ation  o f  a s t r o n g ly  absorb ing  s p e c ie s  

on d e c a r b o x y la t io n .  T his i s  b e l ie v e d  to be an e n o l ic  pyruvate  

in te r m e d ia te ,  which su b seq u en tly  k e t o n i s e s .

The v a r ia t i o n  o f  o p t i c a l  d e n s i t y  w ith  wavelength s u g g e s t s  

th a t  th e  e n o l i c  pyruvate has an a b so rp tio n  maximum a t  a 

somewhat low er w avelength  than B and an e x t i n c t i o n  c o e f f i c i e n t  

o f  s e v e r a l  thousand. The d isappearance o f  A and B on 

d e c a r b o x y la t io n  lead s  to  a d ecrea se  in  o p t i c a l  d e n s i t y ,  and 

a maximum w i l l  o n ly  be  observed i f  k e t o n i s a t io n  ( 2 ) i s  

s u f f i c i e n t l y  s low  to a l lo w  b u i ld  up o f  the  in te r m e d ia te .

I t  i s  found th a t  the  time o f  maximum o p t i c a l  d e n s i ty  d e c r e a se s  

w ith  d e c re a se  o f  pH and a t  a low pH th ere  i s  no maximum.

The b eh av iou r  a t  two v a lu e s  o f  pH i s  i l l u s t r a t e d  fo r  the  

un ch ela ted  a c id  in  F ig .  10 . At low pH the r a te  o f  f a l l  o f  

o p t i c a l  d e n s i t y  (c o r r e c te d  f o r  pyruvic  a c id )  w ith  tirae

B ( 2 )

0
\\

C C CH _ +
/  || 3



< J O r - * v £ > m J , ct ,
-3 -± ^  • o p t i c a l  d en sIt

• • • • • oO O O O O

V a r ia t io n  o f  o p t ic a l  d e n s i ty  with time 
( y  = 260 ny«.) fo r  HO,C.CO.CH2.C02H.
( 1 )  p ]  = 1 .2 5  X 1oSt. pH = 2 .0  ( l e f t . )
(2 )  Cl] = 5 .0 5  x 1 0 * V  pH = 6.1 ( r i g h t . )

o p t i c a l  d e n s i t y
K*i



( k  s  1.11 x  10 ^ mln” ) corresponds to  th e  manometric r a te  

o f  d e c a r b o x y la t io n ,  (k  =5 1 .1 5 x 1Q~^ min~1 ) # At h ig h er  pH*s

( ~ 6 ) ,  th e  o p t i c a l  d e n s i t y  in c r e a s e s  w ith  tim e due to  

p r o d u ct io n  o f  th e  e n o l i c  in te r m e d ia te .

Dim ethyl o x a lo a c e t i c  a c id  cannot e n o l is e *  d e c a r b o x y la t io n  

l e a d s  d i r e c t l y  to  the  e n o l i c  d im ethy lpyruvate  in te r m e d ia te .

T h is  i s  i l l u s t r a t e d  in  F ig .1 1 .  T h is  eno l has an a b so rp tio n  

maximum a t  2h0 n\ju 9 and appears to  have an e x t i n c t i o n  

C o e f f i c i c i e n t  o f  ^  8 ,0 0 0 .  The r a te  o f  k e t o n i s a t io n  i s  a 

f u n c t io n  o f  pH and b u f f e r  c o n c e n tr a t io n .

The m etal io n  c a ta ly s e d  d e c a r b o x y la t io n  o f  o x a lo a c e t i c  

a c id  has b een  shown to  fo l lo w  th e  scheme g iv e n  in  eq u a tio n  ( 1 ) .  

Sp ectrop h otom etr ic  measurements u s in g  e th y l  o x a lo a c e ta te  

have shown th a t  c h e la t io n  i s  a very  f a s t  p r o c e ss  and th a t  

th e  form ation  o f  the  c h e la t e s  A and B i s  not a r a te  

c o n t r o l l in g  s t e p .  W riting  eq u a tio n  (1 )  in  terms o f  r a te  

C o n tr o l l in g  s t e p s  o n ly ,  we have

0 — 0 CH
3

0 0 + 0
/  W I -

0 0 + 00_ 0 — 0 
V /  2\  / \  /

M M
( a )

T h is  i s  a f i r s t  order  r e a c t io h  fo l lo w e d  by a second order  

r e a c t io n .  At con stan t hydrogen io n  c o n c e n tr a t io n  t h i s  can 

be rep resen ted  by the  scheme ( i . e .  as two c o n se c u t iv e  f i r s t



Fig.11

E n o lic  in te rm e d ia te  in  the  d e c a r b o x y la t io n  o f  dimethyl  
o x a lo a c e t ic  a c id .  pH = U .68 . ( i l )  = 1 .2 5  x io A j.
( 1  = 260 m / i ) .  [HAc] = 0.1M. I = 0.10M. 2 5 ° .
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order  r e a c t i o n s . ) .

where k^ « kglji^J, th e  d i f f e r e n t i a l  e q u a t io n s  a re

aM / at = -k, M 

a[Bj/ at .  *,(*] - k30B]

0 a(c]/ at * k,[Ki
t h e s e  msy h e  in t e g r a t e a *30

M  = & ; U * V

0 0  = [A j lk 1/ ( k 3 -  k ^  e - ki 4 -  e " V ) 3

0 3 -  (*07 ( 3  + 1/(15, -k 3) ( * ^ " * 1* -  ^ e - V ) ]

f h e  f i g u r e  i s  a p l o t  o f  th e  c o n c e n tr a t io n s  &t B and 0 as  a
—1f u n c t io n  o f  tim e f o r  a t y p i c a l  c a se  where k  ̂ * 0 .1 0  min

-4
and k^ « 0 .05  min »

20
P
C' f-1lu
3ao

S cao

Titie {min.u'tes)



The c o n c e n tr a t io n  o f  th e  in te r m e d ia te  B pasaea through a 

maximum, th en  d e c a y s .  The tim e o f  th e  maximum i s  g iv e n  hy  

th e  e x p r e s s io n ,

lo g 0( k 3/  k, )
max 88................. ..................

k^ * k |

and th e  maximum c o n c e n tr a t io n  o f  th e  in te rm e d ia te  ( FbI  )' L Jmax
by

108 ^ m e x  * l 0 S & 3  + 2 lo g  _ L
k1 "  k 2  k1

where MQ i s  th e  i n i t i a l  c o n c e n tr a t io n  o f  A, and and k^

a re  th e  s p e c i f i c  r a te  c o n s ta n ts  f o r  r e a c t io n s  1 and 2 .

The Table below  i l l u s t r a t e s  th e  manner in  which t  „ andmax
Cb K  vary  w ith  d i f f e r e n t  v a lu e s  o f  k * .IfisuC J

T able  10 Maximum tim es and maximum c o n c e n tr a t io n s  o f

in te rm e d ia te  B f o r  v a r io u s  v a lu e s  o f  k , r''........“....... ................ .......... ■ j

k  ̂ = 0 . 1 0  m in ^  AQ » 1 .0

k ,  (mirC1 ) 0.01 0 .0 5  0 .3 0  1 .0 0

t  max (m in s . )  25 .5 9  1 3 .8 6  5 .^9 2 .5 6

£bJ max 0.77U3 0 .5 0 0  0 .1 9U2 0 .0 7 7 4

As becomes la r g e r ,  th e  maximum tim es and th e  maximum 

c o n c e n tr a t io n s  o f  the In term ed ia te  d e c r e a se .



I t  should  thu s be p o s s i b l e  to  e x p la in  th e  o p t i c a l - d e n s i t y  

tim e curves f o r  th e  e n o l i c  in te r m e d ia te  in  terms o f  eq u a tio n s  

o f  t h i s  ty p e .  I n  t h i s  c a se  th e  second s te p  in v o lv e s  hydrogen  

ion. At constant hydrogen io n  c o n c e n tr a t io n ,  s u b s t i t u t in g  

* 3  -  *2 Lh+}  the equations become

max

Prom th e  ta b le  i t  can be se en  th a t t  ^  and IB/ varymax L J max
w ith  k~ in  a s im ila r  manner, th u s th e  r a t io s  o f  t  _  are  3 max
i t  2 .1 4 * 5 * i4 * 1 0 ,  w h ile  th e  Rff r a t io s  are  1 s 2 . 5 0 s 6 . 46s 10 .**• msx

tk la r g e  number o f  runs was c a r r ie d  out w ith  o x a lo a c e t ic  
2+a c id  and Zn io n s  in  a c e t a t e  b u f f e r s .  Table  11 shows a 

t y p i c a l  s e t  c a r r ie d  out a t  b o th  270 and 290 m^iiand a t  two 

d i f f e r e n t  Zn c o n c e n tr a t io n s .

L i t t l e  d i f f e r e n c e  in  th e  v a lu e s  o f  the  maximum o p t i c a l  

d e n s i t i e s  i s  n o ted , th e r e  i s  however c o n s id er a b le  v a r ia t io n  

i n  th e  maximum t im e s .  The maximum tim es su g g es t  th a t  the  

o p t i c a l  d e n s i t i e s  o f  the  in te rm e d ia te  a t  pH*s 5 . 3 0 , 5 .6 6



Table 11 Maximum times and maximum o p t ic a l  d e n s it ie s  o f  the

e n o l i c  In term ediate*

I ss 0 .01  (D a v ie s )  0 .9 0 3 .  O x a lo a c e t ic  a c id  1 .2 5  x 10

290 m juL\zn2 * \ = 3 .3 6  x i o *4 ^ .

pH NaAc HAC t  max o .d .  max

5 .3 0 0.01 0 . 0 0 2 6 1 .2 0 0 .2 1 8

5 .6 6 0.01 0 .0 0 1 0 2 .0 0,231+

5.91+ 0.01 0 . 0 0 0 6 2 .7 5 0 .2 1 5

290 mu[zn2+3 » 6 .7 3  X 10-1* 11.

pH NaAc HAe t  max O.D. max

5 .3 0 0.01 0 . 0 0 2 6 1 .2 0 0 . 31+5

5 .6 6 0.01 0 .0 0 1 0 1 .6 0 0 .3 5 6

5.91+ 0.01 0 .0 0 0 6 2 .0 0 .3 3 3

270  nyu-jzn2^ a  3 .3 6  X 10-l4M

pH NaAC HAC t  max O.D. max

5 .3 0 0.01 0 . 0 0 2 6 1 .2 5 0 .2 1 9  ( 0 .1 9 8 )

5 .6 6 0.01 0 .0 0 1 0 1 .7 5 0 .1 9 7  ( 0 .2 0 3 )

5.91+ 0.01 0 .0 0 0 6 2 .5 0 0 .2 0 8  ( 0 .1 9 7 )

270 myulzn2+J * 6 . 7 3  X -Jk O i- K

PH NaAc HAC t  max O.D. max

5 .3 0 0.01 0 . 0 0 2 6 1 .0 0.2U2 (0.21+6)

5 .6 6 0.01 0 .0 0 1 0 1 .7 5 0 .2 6 3  ( 0 . 2 6 8 )

5.91+ 0.01 0 .0 0 0 6 2 .0 0.21+2 (0.21+5)



and 5*9k  should  "be roughly  in  the r a t io  1 s 1 .5 : 2  , l i t t l e  

v a r ia t i o n  i s  a c t u a l ly  observed* b ecau se  o f  in t e r f e r e n c e  

by e n o l i c  z in c  o x a lo a c e t a t e .  At a z in c  c o n c e n tr a t io n  o f

o f  e n o l i c  complex i s  approxim ately  1U| th e  i n i t i a l  o p t i c a l  

d e n s i t y  due to  th e  e n o l i c  z in c  complex w i l l  be around 0 .2 .

Fig* 12 shows a p lo t  o f  the  changes o f  o p t i c a l  

d e n s i t y  w ith  tim e f o r  th e  e n o l i c  in term ed ia te  and the  

e n o l i c  complex Bj th e  h a l f  l i f e  o f  d e c a rb o x y la t io n  i s  

around th r e e  m inutes ( th e  h a l f  l i f e  o f  ZnA at 37° i s  23 

se c o n d s .)*  The o p t i c a l  d e n s i ty  observed , equal to  th a t  o f  

th e  e n o l i c  in te r m e d ia te  and the  e n o l ic  complex ( th e  sum o f  

curves A and B) does not vary  much from run to  run even  

though th e  c o n c e n tr a t io n  o f  th e  in te rm e d ia te  i s  in  the  

p a t io  1s 1 .55 2 . The maximum tim es observed  are p rob sb ly  

g l i g h t l y  lower than th e  a c tu a l  maxima f o r  the  in te r m e d ia te .

Above pH 5*3* p r a c t i c a l l y  a l l  th e  o x a lo a c e ta te  w i l l  

be p r e se n t  as the  d ian ion* The r e a c t io n  scheme w i l l  b e ,

about 60 % o f  th e  o x a lo a c e t ic  a c id  w i l l  

b e  complexed* I f  £  e n o l i c  i s  2 x 10^ , and the p ercen tag e

A2 MA k eto MA e n o l

In ter m ed ia te

F yru v ic  a c id



P i g . 12

P lo t s  o f  o p t i c a l  d e n a ity -t im e  cu rv es* th e  e n o lic  
In term ed ia te  la  In  th e  r a t io  1«1*5«2 fo r  graphs 

1 * 2  and 3 r e s p e c t iv e ly *
Curve B : -  O.D*/Time curve f o r  th e  d eca rb o x y la tio n  

o f  e n o l ic  z in c  o x a lo a ce ta te*
Curve A : -  O.D./T*®® curve f o r  th e  e n o l ic  pyruvate  

In term ed ia te
2*1 a in * , O.D. *

0.1

Graph 3*

1 2 3 h  5 6

1 m ln. O.D. s  0 .2 2 3

0 . 2

O.D

0 .1  ' 1 . 3  mine

Time (m ina .)

1 .5  mina. O.D. *» 0.2U5

0 . 2

0.1

Graph 1 . Graph 2 .

Curve C :-  Observed o p t ic a l  d e n s ity - t im e  curve  
(sum o f  curvea A and B .)
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I f  th e  t o t a l  o x a lo a c e ta te  = CQ = ( a2~J + \Ma]

th en  -d C ^ d t = k0 ^ 2t l  + * ,0 ® ]  -  kx lP01

*- k, | ma]  ( kQ̂ -<k̂  )

Above pH 5 .3  A2" + M2+~ t MA ; = tjCA} /  jA2" ! &l2t]

£ma]  = k [m2+] [ a 2-]  and j l 2-]  = \Ma] /  KjM2'*]

° 0 *  = Cma]  *  (“ A ] /  K̂ M2*]

i^Cma) [_ 1 + 1 /  * [k 2+] ^  = k., & a]

f cx  /  ^  .  K l M 2 t l / ( l  +  K C M 2 + ] )  {U)

and t max => ( Xn k2[H+J -  In kx ) /  ( kgLH-*]] -  ) (5)

V alu es  o f  k and k9 were chosen to  g iv e  reason ab le  agreement x  &
w ith  th e  observed  maximum t im e s ,  f o r j z n 2^  » 3*36  x 10^M* 

kx » 0 . 2 ,  kg « U.5 x  10* , and f o r  [zn 2+] = 6 .7 3  x  10“\ .

® 0 .3  and kg a  lj ,5  x 10^ .  The v a lu e s  are  Shown in  

Table 12 .

Reasonable agreement i s  found between the  observed  

maximum tim es  and th o se  c a lc u la t e d  from eq u a tio n  (5 )*

E quation  (U) g iv e s  a v a lu e  f o r  K th e  com p lex ity  co n sta n t
X

o f  z in c  o x a lo a c e ta te  equal to  approxim ate ly  1 .7  x 10^ a t
x

I  = 0 .01  a g ree in g  very  w e l l  w ith  th e  v a lu e  o f  1 .7  x 10^

©t I  =s 0 found from p o te n t io m e tr ic  d a ta ,  k  ̂ i s  found to

be app rox im ate ly  0 .6 .



(S3)

T a b l e  12 Observed and c a lc u la t e d  maximum t im e s # 

|z n 2+]  a 3 .3 6  x  10 "^ M. k = 0 .2

pH 106 jH+]  Time o b s .

5 .3 0  5 .5 5  1 .1 5  + 0 .1

5 .6 6  2 .4 3  ' ' • 9 +  0.1

5 .9 4  1 .2 7  2 .8 5  + 0.1

|zn 23  = 6 .7 3  x  10"4* U . kx  * 0 . 3

pH 10 (H"̂ l T in e  ofcs.

5 . 3 0  5 .5 5  1 .1  ± 0 . 1

5 .6 6  2 .4 3  1 .6  ± 0 .1

5 .9 4  1 .2 7  2 .2  ± 0 .1

Time ca lc*  

1 .1 0  

1 .9 0

2 .8 5

Time c a lc .  

1 . 0  

1 .6 3  

2 .3 6



In h ib it io n
ic

P o te n tio m e tr ic  measurements by GELLES and SALAMA on oxaloacet&

have shown th a t  in  a d d it io n  to  th e  s p e c ie s  MA th e r e  i s  a ls o
2+p r e se n t a s p e c ie s  M«A • The prob ab le  s tr u c tu r e s  o f  th e se

com plexes a r e , o ^  0

°X p * 2 s  .  /“  °\

/  %  ° ° 2 Z**2
0 0 +  c — c

2+The complex MgA in v o lv e s  th e  form ation  o f  a low s t a b i l i t y  

se v en  membered ring* B ind ing o f  th e  carb oxy l group l o s t  

d u rin g  d e c a r b o x y la tio n , in  th e  seven  membered r in g  sh ou ld  

in h ib i t  d e c a r b o x y la tio n  in  a s im i la r  manner to  th e  a c e to a c e ta te s

/ C H 2 s

ch3 ~ o c = o

0 0
^  /

M

A c e to a c e ta te  MA
3)

PEDERSEN has r e c e n t ly  shown th a t  a s im ila r  s i t u a t io n  e x i s t s  

in  a c e to s u c c in ic  acid *  The d e c a r b o x y la tio n  o f  t h i s  a c id  i s  

s u b je c t  to  o n ly  v ery  s l i g h t  c a t a l y s i s  by m etal ions*  Two 

c h e la te s  are  p o s s ib le ,  th e  s i x  membered r in g  s tr u c tu r e  (C) 

in v o lv in g  th e  u n sta b le  carb oxyl group , which should  in h ib it  

d e c a r b o x y l a t i o n ,  and a low s t a b i l i t y  seven  membered r i n g



c h e la te  ( d ) which sh ou ld  d ecarb oxy la te*

CH ~ C 0 oH 00 0H
j &  |  fc

0 CH 0 CH —  CH
» /  \  ^  /  2 \
C 0 —OH, 0 C —CH-
I ii i (i
0 0+ 0 0+

\ 7  Ns\  j .  (d )

Only s l i g h t  c a t a ly s i s  i s  observed  s in c e  th e  c h e la te  o f  h ig h  

s t a b i l i t y  i s  in a c t iv e ,  w h ile  th e  a c t iv e  c h e la te  i s  o n ly  

p r e se n t  in  sm a ll amounts*

I t  can be sim ply  shown th a t  f o r  th e  o x a lo a c e ta te s ,

[M2a 2+J / H  = \ a 2+ M

2+and th e  c o n c e n tr a tio n  o f  M̂ A should  in c r e a se  p r o p o r t io n a lly  

w ith  th e  m eta l io n  co n cen tra tio n *  I n h ib it io n  o f  d e c a r b o x y la tio n  

a t  h ig h  copper io n  c o n c e n tr a tio n  has been  found, T able 13*

SPECK has o b ta in ed  s im ila r  r e s u l t s  w ith  Mn2* , Co2* ,  Cd2* , Zn2*
Ox

and Pb in  th e  enzym atic d eca rb o x y la tio n *

T his appears to  b e  one o f  th e  few  exam ples o f  a c a t a ly s t  

a ls o  a c t in g  a s  an in h ib it o r  and m ight be a v e ry  im portant 

r e a c t io n  b io c h e m ic a lly . The in te r c o n v e r s io n  o f  o x a lo a c e t ic
32

a c id  and p y ru v ic  a c id  o ccu rs in  th e  KREBS cy c le*
-a

2x
M /enzym es

O x a lo a ceta te  * • ^  P yru vate ♦ COg
enzymes ■



p.
When th e  o x a lo a c e t a t e  reach es  a low l e v e l ,  th e  M /  O xaloacet  

r a t i o  w i l l  he  la r g e  and d e c a r b o x y la t io n  w i l l  slow down.

The c o n c e n tr a t io n  o f  o x a lo a c e t a t e  w i l l  th en  b u i ld  up u n t i l  

th e  M /  O x a lo a c e ta te  r a t io  becomes sm a ll  enough to  a llo w  

rapid  d e c a r b o x y la t io n  v ia  th e  MA complex* The m etal io n  w i l l  

a c t  as a ‘g o v e rn o r 9 on  th e  system . F urther  work on t h i s  t o p ic  

i s  b e in g  c a r r ie d  out in  t h i s  la b o r a to r y  by Mr R.G.COGAN.

Table  13 I n h i b i t i o n  o f  c a t a l y s i s  a t  h ig h  Conner io n  

c o n c e n tr a t io n s  a t  2 5 ° .

A c e ta te  b u f f e r ,  I  «= 1 .0 0 0 .  O x a lo a c e t ic  a c id  0.02M. pH 5»0

HAe NaAc KC1 CuOlg lO^k*

0 .1 6 3 0 . 1+0 0 .5 1 0 .0 3 2 0 .0

0 .1 6 3 0.1+0 0.1+2 0 .0 6 6.1+

0 .1 6 3 0.1+0 0 .3 3 0 .0 9 3 .6

0 .1 6 3 0.1+0 0.21+ 0 .1 2 2 .7

0 .1 6 3 0 . 1+0 0 .5 0 0 .1 3 2 .1 7

0 .1 6 3 0.1+0 - 0.21 1 .3 6

D eca rb o x y la tio n  o f  m eta l o x a lo a c e ta t e s  can a l s o  be  

in h ib i t e d  b y  r a i s in g  th e  pH. KREBS'carried out some rough 

manometrie measurements which in d ic a te d  th a t  th e  r a te  went 

through a maximum around pH h.O . Further exp er im en ts , Table  1h 

agree  w ith  t h i s .



T ab le  114 pH i n h i b i t i o n  o f  th e  copper Ion c a ta ly s e d  

d e c a r b o x y la t io n  o f  o x a lo a c e t ic  a c id  a t  37?

NaAc HAC pH •to-V-

1 #6 2.213 14.67 71+
1 .6 0.700 5.10 1+8.1+

1.6 0.070 6.15 16.8

(s
WILLIAMS su g g e s te d  th a t  pH I n h ib it io n  was due to  th e  p ro d u ctio n  

o f  a d ic a r b o x y la te  complex (A) which was s t a b le ,  d e c a r b o x y la tio n

oo -co~  cor
! > 2+ i * > 2+

0H2“ 0 0 2 20G#CH2 * °°
U )  (B)

o c cu r in g  through ( b ) .  He su g g es ted  th a t  (B) would be p r e sen t  

a t  low pH, w h ile  ( a ) would predom inate a t  h igh  pH# This  

ca n n o t, however, be  th e  c a s e ,  s in c e  th e  r a t io  [X ] / |B }  would 

not in v o lv e  hydrogen io n  and would not be pH dependent. I t  

seems most l i k e l y  th a t  pH i n h i b i t i o n  i s  due to  th e  form ation  

o f  th e  e n o l i c  complex which cannot d ecarb oxyla te#  F urther  

work on th e s e  l i n e s  i s  b e in g  continu ed  in  t h i s  la b o r a to ry  

by Mr.R.G-*@OGAN.
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F a rt  2* T h e..A n iline  C ata ly sed  D eca rb o x y la t io n  o f  O x a lo a c e t ic  

Acid

I n tr o d u c t io n

The f a c t  th a t  primary and secondary , bu t not t e r t i a r y 7amines 

c a t a ly s e  th e  d e c a r b o x y la t io n  o f  o x a lo a c e t ic  a c id  was f i r s t
i

e s t a b l i s h e d  by WOHI* and OESTERUN. The e f f e c t  o f  va r io u s  amines 

and am in o-ac id s  on th e  d e c a r b o x y la t io n  has been  s tu d ie d  by  

KAMEKOaand BE3SKAN and LAYHE?

PEDERSEN had p r e v io u s ly  shown in  th e  case  o f  ^ - d i m e t h y l  

a c e t o a c e t i c  a c id  th a t  t h i s  was an example o f  s p e c i f i c  amine 

and not g e n e r a l  b a se  c a t a ly s i s *  He a l s o  found th a t  th e  

d e c a r b o x y la t io n  was not preceded by i s o m e r is a t io n  o f  th e  

k e t o - a c id  to  th e  e n o l  form and su g g es ted  th a t  th e  r e a c t iv e  

in te r m e d ia te  was formed by a f a s t  r e a c t io n  o f  th e  amine w ith  

th e  k e to  group*

ch3 . co. ch2 . co" + heh|  ^  CH3C(HRH+ )CH2.CO" + H20

T h is  h y p o th e s is  has b een  d is c u s s e d  by  Ŵ STHEIMEr/  JONES and 

WESTHEIMER ^ ad e  measurements in  mixed s o lv e n t s  which su g g es t  

t h a t  a hydrogen bonded in te rm e d ia te  (a ) may be  a more ap p rop r ia te  

s tr u c tu r e*



HSUBBSBN made th e  f i r s t  q u a n t i t a t iv e  study o f  the  k i n e t i c s  o f  

d e c a r b o x y la t io n  o f  o x a lo a c e t ic  a c id ,  u s in g  ammonium, e t h y l -  

ammonium, and a n i l in iu m  ion s  as c a t a l y s t s .  He found th a t  a l l  

th e  amines had a g r e a t e r  c a t a l y t i c  e f f e c t  on th e  d iv a le n t  io n  

than on th e  u n iv a le n t  o x a lo a c e ta te  io n ,  and th a t  th e  a n i l in iu m  

io n  was by f a r  th e  most e f f e c t i v e  c a t a l y s t .  He a l s o  found 

th a t  in  s o l u t i o n s  c o n ta in in g  h y d ro c h lo r ic  a c id ,  th e  a n il in iu m  

io n  c a t a l y s i s  could  be rep resen ted  by the  e q u a t io n s ,

k *  1 0 3 = 0 .1 7 6  + 1.19(AnH+] ( 1 )

k^ 103 = 6.1+7 + !+0i+jAnH+]  + 26ojAnH+_l2 ( 2 )

k ^  = 0.00181 38.1»(*nH+]  + 55^nH +J 2 ( 3 )

The in c r e a s e  in  k i s  so  sm a ll  th a t  i t  i s  o f  u n ce r ta ino
s i g n i f i c a n c e .

However th e r e  i s  a s e r io u s  d iscrep a n cy  between th e s e  v a lu e s  

and th o se  ob ta in ed  in  a c e t a t e  b u f f e r s .  V alues c a lc u la t e d  from
i

eq u a tio n s  ( 2 )  and ( 3 ) a**© 61+-93 % to o  h ig h , and PEDERSEN was 

fo r c e d  to  employ th e  e q u a t io n s ,

k ^ l O 3 = 6.1+7 + h . k  x lO ^ n H * ]

k ^ 1 0 3 = 1.81 + (16.1+ + 1+.8 1ao~J ) lO3 ) * ^

to  e x p la in  h i s  exp erim en ta l r e s u l t s .  In  a l l  h i s  c a lc u la t io n s  
1

PEDERSEN made the  assum ption th a t  th e  amount o f  complex 

betw een  th e  k e to -a c id  and the  amine was n e g l i g i b l e ;  i f  t h i s  

were not so i t  might e x p la in  the  d iscr ep a n c y . However PEDERSEN



attem pted to  d e t e c t  th e  p resen ce  o f  any such in term ed ia te  

complexes by measuring the d i s s o c i a t i o n  co n sta n t  o f  the  

a n i l in iu m  io n  b o th  in  th e  p resen ce  and absence o f  o x a lo a c e t ic  

acid# He then  c a lc u la t e d  v a lu e s  o f  th e  d i s s o c i a t i o n  con stan t  

on th e  assum ption th a t  no a n i l i n e  was bound to  th e  o x a lo a c e t a t e ,  

S im i la r  v a lu e s  o f  the  d i s s o c i a t i o n  con stan t  o f  th e  a n il in iu m  

io n  were found in  b o th  cases*  T h is  appeared to  in d ic a t e  th a t  

h i s  o r i g i n a l  assum ption  was c o r r e c t .  However, i t  i s  q u ite  

p o s s i b l e  th a t  any such complexes would have s im i la r  d i s s o c i a t i o n  

c o n s ta n ts  to  th a t  o f  th e  a n i l in iu m  ion j  th ey  would then be  

v e r y  d i f f i c u l t  to  d e t e c t ,  e s p e c i a l l y  s in c e  i t  was n e c essa ry  to  

e x tr a p o la te  E.M .Ffs to  ze ro  tim e due to  rapid  d e c a r b o x y la t io n  

o f  th e  k e to  a c id  by th e  amine*

The mechanism o f  amine c a t a l y s i s  i s  thus not known w ith  

any d egree  o f  c e r t a i n t y .  The f a c t  th a t  primary and secondary  

amines c a t a l y s e  th e  r e a c t io n ,  but t e r t i a r y  amines do n o t ,  

s u g g e s t s  e i t h e r  an a d d it io n  or a con d en sa tion  r e a c t io n  betw een  

th e  NHg (o r  Mi) group o f  th e  amine w ith  the  oi -oxo group o f  

th e  keto  a c id .

il i- R.NUj ^  /  \  ^ H + H O
0 HO XHH.R N.R 4

(6 } ( c )

The k e tim in e  hydrate (B) must be th e  f i r s t  product o f  such a

r e a c t i o n ,  e l im in a t io n  o f  w ater would then g iv e  th e  ketim ine (C)



( fo rm a tio n  o f  th e  k e t im in e  could  o n ly  occu r  w ith  a primary  

amine)* P rev io u s  work has not shown (1 )  i f  ( b ) or (C) are

indeed formed ( 2 )  whether (B) or (C) i s  th e  r e a c t iv e

in te r m e d ia te  (3 )  i f  th ey  are formed s lo w ly  enough to  be  

in v o lv ed  in  r a te -d e te r m in in g  s t e p s  (1*) what th e  s tr e n g th s  

o f  t h e i r  con ju ga te  a c id s  are  /  th e  f a l l  in  r a te  a t  about 

pH 1+ observed  by PEDERSEN7may be s im ply  due to  t h e i r

d i s s o c i a t i o n  (5 )  whether th e  p r o p o r t io n  o f  compounds ( b )

and ( 0 )  v a r ie s  w ith  pH (6 )  whether d i f f e r e n t  mechanisms 

app ly  i n  d i f f e r e n t  s o lv e n t s  (7 )  and whether k e t lm in e -  

enamine tautom erism  o f  th e  ty p e ,

'''C-CEL'" XC =C H /
II 2 I

k e tim in e  N.R HN*R enamine

oceu rs  o r  has any e f f e c t  on th e  rea c t io n *



( 7*0

E xperim ental Part 2

1 ) M a te r ia ls

• )  The k e t im in e  E t0 2C.C( sHiZO.CH^.CO^Et

3*12  gms. o f  th e  d i e s t e r  o f  o x a lo a c e t ic  a c id  prepared as i n  

P art 1 ,  were r e f lu x e d  f o r  te n  m inutes w ith  1 ,5 6  gms. o f  pure  

a n i l i n e  (m ole/m ole)*  A l i t t l e  a b s o lu te  a lc o h o l  was used as  

s o l v e n t .  On c o o l in g  in  a c e to n e -D r ik o ld  a y e llo w  s o l i d  

c r y s t a l l i s e d .  This was f i l t e r e d  o f f  and r e e r y s t a l l l s e d  th r ee  

t im es  from w a te r -e th a n o l .  P a le  y e llo w  n e e d le s  m.p. U70~l*8°. 

Pound, 0 ,  6 3 . 6 6 ; H, 6 .5 8 5  N, 5.1*9 %• C a lc u la ted  f o r  

C, 6 3 . 8 6 ; H, 6.1*6; N, 5 .3 2

The in f r a - r e d  spectrum showed a very  s tr o n g  hand a t
—1 S1600 cm. , a t t r ib u t e d  to  conjugated  -C~N. PICKARD and POLLY

g iv e  f o r  -C~N, 6 .0 5  -  6 .21* ^ (1 600 -1 650  can ̂  ) and found no

e v id en ce  f o r  ene-am ine tautom erism i n  a s e r i e s  o f  15 k e t im in es

s t u d ie d .

b )  The k e t im in e  hyd rate  ^HHyo^O.CfOH.NH^^.CH^.CQ^Bt

1 gm. o f  th e  h a l f  e s t e r  o f  o x a lo a c e t ic  a c id ,  HO^C.CO.CHg.COgEt, 

prepared as d e sc r ib ed  in  Part 1 ,  was d i s s o lv e d  in  th e  minimum 

amount o f  w ater . 1 .5  gms. o f  pure a n i l i n e  (1 to  2 .2  m oles)  

were suspended in  water and g l a c i a l  a c e t i c  a c id  added u n t i l  a 

homogeneous s o lu t io n  r e s u l t e d .  T h is  was then  added to  th e  

co n cen tra ted  s o lu t io n  o f  the  h a l f  e s t e r .  On s c r a tc h in g ,  the  

k e t im e  hydrate was p r e c i p i t a t e d  a s  f i n e  w hite  c r y s t a l s .  Y ie ld  

1 . 7  gms. (80  %)• The k e t i m in e  h y d r a t e  was r e e r y s t a l l i s e d  from



the  minimum amount o f  warm water g iv in g  f l a t  w h ite  p l a t e s ,  

m.p. 7 3 ° -7 4 ° f  which appeared to lo s e  water a t  6 2 ° -6 3 ° .  .Soluble  

i n  a c e to n e ,  ch loroform , e th a n o l ,  and benzene* I n s o lu b le  in  

1 0 0 °-1 2 0 °  p e t r o l ,  s l i g h t l y  s o lu b le  in  w ater .

Found, C, 6 2 .3 b ;  H, 6 .2 3 ;  N, 8 .1 2  %. C a lc u la ted  f o r  Ci8 H220 5’N2 # 

C, 62.U 3; H, 6 .3 6 ;  N, 8 .0 9

a t te m p ts  to  remove th e  second m olecu le  o f  a n i l i n e  by  

means o f  io n  exchange r e s in s  (IR -120(H )) in  th e  ac id  form, 

i . e .  c r o s s  l in k e d  p o ly s ty r e n e  w ith  SO-̂ K as  the  fu n c t io n a l  

group,

proved u n s u c c e s fu l .  On s ta n d in g  in  a vacuum d e s ic c a t o r  over

&etiTaine  hydrate turned b r ig h t  y e l lo w ,  i n d ic a t in g  

p r o d u ct io n  o f  the  k e t im in e;  however, a n a ly s i s  showed th a t
'C

d eco m p o sit ion  was a l s o  occuijing under th e se  c o n d i t io n s ,

c )  Methyl oxomalonate Me0„C.C0.C0n,Me

T h is  was prepared e s s e n t i a l l y  as d e sc r ib ed  in  Organic S y n th e se s ,  

by o x i d i s i n g  methyl m alonate w ith  NgO^. 30 cc* o f  methyl 

m alonate gave 25 c c .  o f  m ethyl oxomalonate a s  a y e llo w  green  

o i l  t> .p .  1 0 6 ° /  kO mm. D 1.2U6U. I t  absorbed atm ospheric  

m oistu re  r a p id ly  to  g iv e  th e  ketone hydrate MeOgC.CCOHjg.COgMe 

m.p. 81° (from ch loro form ), and was kept in  an evacuated



d e s i c c a t o r  over  s i l i c a  ge l*  The m a te r ia l  was p u r i f i e d  by  

s ta n d in g  over  ov ern ig h t  and vacuum d i s t i l l i n g *  This

converted  th e  hydrate  to  the  keto  compound*

d ) MeOr-.C. Q ( OH. Migf) .  GÔ Me '°

2 cc* o f  anhydrous m ett^ i oxomalonate (2*5  gms*) were p ip e t t e d  

r a p id ly  in t o  a 25 ml* f l a s k  p r o te c te d  by  a s i l i c a  g e l  guard 

tube* The s o l u t i o n  was then  c h i l l e d  in  a c e to n e -d r ik o ld .  1*5 gms* 

o f  pure a n i l i n e  ( s l i g h t l y  l e s s  than mole/mole q u a n t i t i e s )  were 

th e n  dropped s lo w ly  in to  the  c h i l l e d  so lu t io n *  A y e l lo w is h  

gum r e su lte d *  This was a llow ed  to  stand 1 / k  hour a t  room 

temperature* A l i t t l e  sod ium -dried  e th e r  was then added* On 

s c r a t c h in g  w ith  a g l a s s  rod , the  m a te r ia l  s o l i d i f i e d  as a p a le  

y e llo w  mass* I t  was then  r e c r y s t a l l i s e d  from sod ium -dried  e th e r ,  

g i v in g  w h ite  c r y s t a l s  m.p. 100°-102°. Y ie ld  3*5 gms. ( t h e o r e t i c a l )  

Found 0 ,  55.U7; H, 5.3U? N, 6.01 ;4. C a lcu la ted  f o r  

0 , 5 5 .2 k ;  H, 5 .k h ;  k ,  5*86 %. S o lu b le  in  e th a n o l ,  m ethanol,  

i n s o lu b le  in  water*

e )  Me02Q (m iO a *C02Me '°

2 ml. o f  anhydrous m ethyl oxomalonate ( 2 . 5  gm s.)  were p ip e t t e d  

r a p id ly  in to  a 25 ml. f l a s k  p r o te c te d  by a s i l i c a  g e l  guard tu b e ,  

3 .2  gms. (m ole /m ole) o f  pure a n i l i n e  d i s s o lv e d  in  dry a b s o lu te  

e th e r  were then added a t  room tem perature , a y e llo w  o i l  was 

o b ta in e d .  On c o o l in g  and s c r a tc h in g  in  an a ce to n e -D r ik o ld  

f r e e z in g  m ixture , the  m a ter ia l  c ^ s t a l l t s e d  as a p a le  y e llo w  

s o l i d .  I t  was r e c r y s t a l l i s e d  from w a ter -e th a n o l  to  g iv e



c o lo u r le s s  n e e d le s  m.p* 121° - 123°* Y ie ld  t h e o r e t i c a l .  F a ir ly  

s o lu b le  in  c o ld  e th anol*  very  s o lu b le  h o t ,  in s o lu b le  in  w ater. 

C o r r e la t io n  o f  X.S. -Spectra f o r  OH and Mi s t r e t c h e s  

The in f r a - r e d  spectrum o f ,

( e )  shows a s i n g l e  band a t  3330 cnu^ (Mi s t r e t c h )

(d )  shows two bands, one a t  3350  cm71 (KH s t r e t c h ) ,  and one 

a t  3I4.6 O cnu^ ( f r e e  OH).

( a )  shows no bands in  t h i s  r e g io n .

(b )  shows two b an ds, one a t  3220 cm7  ̂ (HH s t r e t c h ) ,  which i s

a broad band, probab ly  because  o f  su p e r p o s i t io n  by the  second

m olecu le  o f  a n i l ix ie ,  and one a t  3570 cm7^(free OH) (N u jo l  m u l l ) .

In  ch loroform , which g iv e s  y e l lo w  s o l u t i o n s  in d ic a t in g  d eh yd ration
—1o n ly  one band o c c u r s ,  a t  3320 cm. (HH s t r e t c h  in  th e  second  

m o lecu le  o f  a n i l i n e  (sh arp  b a n d )) .  T h is g iv e s  fu r th e r  

e v id e n c e  f o r  d eh y d ra tio n .

F re n a r t io n  o f  Pure Dry E thanol f n r K in e t ic  Wnrk
A

B u r r o u g h s  a b s o lu te  a lc o h o l  was d r ie d  in  the  normal manner 

u s in g  magnesium tu r n in g s ,  p u r i t y  9 9 .9 5  %• Traces o f  o rgan ic  

b a s e s  were removed by r e d i s t i l l a t i o n  from a l i t t l e  

t r in i t r o b e n z o ic  a c id ;  t h i s  a c id  i s  not e s t e r i f i e d  by a l c o h o l s ,

co n seq u en tly  no water i s  in troduced  in to  the a l c o h o l .  The 

pure dry  a lc o h o l  was kept in  a dark g l a s s  W inchester p r o te c te d  

by guard tubes and siphoned out as required  F i g . 1 .



\ t o /

Pure A n il in e

B,D,H. a n i l i n e  was d r ied  w ith  sodimm hydroxide p e l l e t s  and 

d i s t i l l e d #  The rea so n a b ly  pure m a te r ia l  was then  vacuum 

d i s t i l l e d  over  z in c  d u st and kept in  s e a le d  ampoules under n itr o g e z  

A n i l in e  b .p ,  i 8U.i4 ° /7 6 0  mm*

Pure D im e th y la n i l in e

T races o f  primary and secondary amines were removed from a 

commercial sample by r e f lu x in g  5 2 ,5  ml* w ith  23 ml* o f  a c e t i c  

anhydride f o r  th r e e  h ou rs , th en  d i s t i l l i n g .  The r e l a t i v e l y  

pure d im e th y la n i l in e  was then v a c u u m -d is t i l le d  and kept in  

s e a le d  ampoules under n i tr o g e n ,  ^Ampoules o f  a n i l i n e  and 

d im e t h y l - a n i l in e  were kept in  th e  dark* B.p* d im e th y la n i l in e  

1 9 2 * 5 ° /  760 mm* Ampoules o f  d im e th y la n i l in e  remained w a ter^ c lea r  

alm ost i n d e f i n i t e l y  by t h i s  method*



2) Methods

a ) P o te n t io m e tr ie  measurements

pH measurements were c a r r ie d  out u s in g  a Cambridge bench type  

pH meter and a commercial g l a s s  e le c tr o d e *  The apparatus was 

c a l ib r a t e d  u s in g  B.D.H. phosphate b u f f e r  pH 6 .9 9  a t  2 5 ° ,  and 

B.D.H* p h th a la te  b u f f e r  pH U*01 a t  25°* In  c a se s  where 

a c c u r a te  tem perature was r e q u ir e d , p o te n t io m e tr ic  measurements 

were c a r r ie d  out in  a double w alled  beaker through which 

w ater  from a Circotherm u n it  was passed*

b )  Manometric measurements

A new manometric apparatus was deve lop ed  (i& co n ju n ct io n  

w ith  Mr* A. Wood) from the d e s ig n  o f  BELL and TROTMAN-
ii

DICKEBSOH* T h is  i s  much s im p ler  to  use and f a r  l e s s  cumbersome 

than th a t  o f  BROIfSTBG and KING. n

I t  i s ,  however, u n su ita b le  f o r  use a t  tem peratures  

above about 30° ,  as th e  g r e a se  i s  then  too  f l u i d  and lea k s  

develop*

The apparatus i s  i l l u s t r a t e d  d ia gram m atica lly  in  F i g . 2 .

A sm a ll  g l a s s  bucket c o n ta in in g  2 6 . U mgm. o f  o x a lo a c e t ic  a c id  

i s  suspended above 10 m l. o f  th e  ap p rop ria te  s o l u t i o n  by  

means o f  a m a g n e t ic a l ly  pperated  p lu n g er , c o n s i s t i n g  o f  a 

sm all p ie c e  o f  s o f t  iro n  s e a le d  in  g l a s s .  T h is  g iv e s  an 

i n i t i a l  c o n c e n tr a t io n  o f  o x a lo a c e t ic  a c id  equal to  0 .0 2  M*

The s o l u t i o n  i s  fr o z e n  in  a e e to n e -D r ik o ld  and th e  apparatus  

evacuated and s e a l e d  by means o f  a B.1i* one 'way Q u ic k f it



g l a s s
n o z z le

dark g la s s  
W inchester

PIG 1.

e c c e n tr icclamp

e l e c t r i c
motormanometric

apparatus

lead  b lo ck s
rubber hammer

PIG 3.

-J



Fid 20

MANOMETRIC APPARATUS

1 ram "bore 
c e p i l l^ a r y  
tu b in g .

mercury
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E.1U one way tap

g la s s  bucket  
c o n ta in in g

a l o a c e t i c  ac id

m a g n e t ica l ly  
operated plunger*

Q
"— ■ bulb  capable o f  
b o ld in g  10 ml o f

s o l u t i o n .



tap lu b r ic a te d  w ith  Dow-Corning s i l i c o n e  g r e a s e .  The r e a c t io n  

f l a s k  i s  a l low ed  to  a t t a i n  room tem perature and i s  then  p laced  

i n  a therm osta t  r e g u la te d  a t  25*00°+ 0 .0 2 °  by means o f  a 

C ircotherm  u n i t .  The r e a c t io n  i s  i n i t i a t e d ,  a f t e r  e q u i l i b r a t i o n  

(1 0  m in u te s ) ,  by  withdrawing th e  p lu nger  in to  th e  s id e  arm. 

Readings a re  taken  through a window in  thev bath  a t  1/1+ minute  

in t e r v a ls *

C a l ib r a t io n  o f  th e  Apparatus

I t  was found most co n ven ien t to  c a l i b r a t e  th e  apparatus  

u s in g  sodium b ic a r b o n a te ,  s in c e  t h i s  avoided th e  tedium o f  

w a it in g  f o r  i n f i n i t y  read ings*  1 6 .8  mgm. o f  b ica rb o n a te  

are  e q u iv a le n t  to  26 .1+ mgm. o f  o x a lo a c e t ic  a c id .  jA b lank  

run was th e r e f o r e  c a r r ie d  out by th e  procedure p r e v io u s ly  

n o te d , w ith  10 ml. o f  h y d ro ch lo r ic  a c id  in  the  b u lb .  Very  

rep ro d u c ib le  r e s u l t s  could be o b ta in ed  by t h i s  method, e ,g*  

th e  changes f o r  th r ee  c a l ib r a t io n s  were 9*1+2, 9*1+2, and 9.1+1+ cm. 

The i n f i n i t y  read in g  f o r  a run could  thus be  obta in ed  by  

adding 9*1+2 cm. to  th e  zero tim e rea d in g . Checks were made 

on s e v e r a l  o x a lo a c e t a t e  runs in  th e  p resen ce  o f  amines;

100 $  COg ( c a l c u la t e d  from b ic a r b o n a te )  was l ib e r a t e d  in  every  

c a se  showing th a t  th e  r e a c t io n  went to  com p letion .

S im i la r  c a l ib r a t io n s  were a l s o  c a r r ie d  out f o r  runs in  

a l c o h o l ,  w ith  10 ml. o f  a lc o h o l  and 0 .0 5  ml. o f  concen tra ted  

h y d ro c h lo r ic  ac id  in  the  b u lb . The change in  t h i s  case  was 

6 .2 0  cm ., i . e . ,  o n ly  66 % o f  th a t  when water was used. This



reed in g  remained s te a d y  f o r  two d a ys . Complete agreement 
i

w ith  th e  i n i n i t y  rea d in g s  f o r  the  runs was o b ta in e d ,  thusA
f o r  a s e r i e s  o f  runs th e  changes were 6 .2 ^ ,  6 .1 0 ,  6 . 3 0 , 6 .2 3  

6*10 , 6 .25# 6 .1 0 ,  6 .1 8 ,  6 .2 5  and 6 .2 0  cm. (a verage  6 .2 5  cm. )•

The tube was a l s o  s ta n d a rd ised  u s in g  dry a lc o h o l  sa tu ra te d  w ith  

dry  carbon d io x id e  ( c y l i n d e r ) .  10 ml. o f  th e  a lc o h o l  were 

taken  and 0 .0 5  ml. o f  con cen tra ted  h y d ro ch lo r ic  a c id  added.

I t  was n e c e ssa r y  to  pump out th e  tube th r e e  tim es as the  

e x c e s s  carbon d io x id e  came out o f  s o l u t i o n .  The b ica rb o n a te  

change gave 6.11 cm. ( s t e a d y  f o r  two days)*

C lean in g  o f  th e  A pparatus

The fo l lo w in g  c le a n in g  procedure was alw ays em ployed,

a )  A . I .  Benzene to  remove g r e a s e .

b )  Chromic a c id  (1 5  m in u te s ) .

c )  Washing w ith  2- l i t r e s  o f  w ater .

d ) Washing w ith  d i s t i l l e d  w ater .

e )  &.R. A cetone to  dry .

A g ita t io n  and M ixing

Timing was always begun on w ithdraw al o f  the  p lu n g er .  In  most 

c a s e s  h a l f  a minute was required  f o r  a l l  th e  o x a lo a c e ta te  

to  d i s s o l v e  even under the  most v ig o ro u s  shaking c o n d it io n ^ .  

Shaking o f  the  apparatus during th e  run to  prevent su p e r sa tu r a t io r  

o f  COg was c a rr ied  out by an e l e c t r i c a l l y - o p e r a t e d  rubber 

hammer* T h is  i s  i l l u s t r a t e d  d iag ram m atica lly  in  F i g . 2 .

Very h igh  shaking r a te s  had to  be employed in  th e  f a s t  runs 

(150  o s c i l l a t i o n s  per  m inute) o th e rw ise  erroneous r e s u l t s



(82)

were obtained#

g p ectro n h o to m etr ie  Measurements

Were c a r r ie d  out u s in g  a H ilg e r  U vispek  sp ectrop h otom eter  

( S e r ie s  308) f i t t e d  w ith  a s p e c ia l  s i l i c a  prism  cap ab le  o f  

e x ten d in g  th e  range o f  th e  instrum ent in  th e  extrem e u lt r a 

v i o l e t  to  185 m /t. S p ectra  were ob ta in ed  u sin g  1 mm. quartz  

c e l l s  w ith  s o lv e n t  as b lan k  u n le s s  o th erw ise  s t a t e d .  A fte r  

each  d e ter m in a tio n  th e  s o lu t io n - s o lv e n t  c e l l s  were In terchanged  

and th e  spectrum  red eterm in ed , th e  o p t ic a l  d e n s i t i e s  were th en  

averaged . T h is  was n e c essa ry  s in c e  th e  c e l l s  were unbalanced  

in  c e r ta in  a rea s  o f  th e  spectrum* The sp ec tra  were ob ta in ed  

in  d i s t i l l e d  w ater or Burroughs a b so lu te  a lc o h o l ,  by d i lu t in g  

standard s o lu t io n s .

K in e t ic  runs were c a rr ie d  ou t in  standard stop pered  

1 cm. quartz c e l l s ,  capable o f  h o ld in g  3 ml. o f  s o lu t io n .

A H ilg e r  w a te r -ja c k e t  was used in  co n ju n ctio n  w ith  a 

C ircotherm  u n it .  Running the O ircotherm  a t  25*0° therm ostated  

th e  c e l l s  a t 2U*8°. Both a n i l in e  snd e s t e r  s o lu t io n s  were 

i n i t i a l l y  th erm osta ted  a t  2 5 .0 ° .  2 m l. o f  th e  e s t e r  s o lu t io n  

were p ip e t te d  in to  th e  a b so rp tio n  c e l l ,  fo llo w e d  by 1 m l. o f  

th e  a n i l in e  s o lu t io n .  Timing was begun when approxim atly  h a l f  

th e  p ip e t t e  had been  d ra in ed . The m ixture was r a p id ly  

shaken fo r  30 seconds to  ensure hom ogeneity , read in gs begun  

a t  k5  secon ds on th e  i n i t i a l l y  ’ ch eck ed1 in stru m en t, and were 

rep ea ted  a t  15 second in t e r v a ls .  Room tem perature was r a ise d  

to  app roxim ately  2 h .8° by means o f  e l e c t r i c a l  h e a te r s .
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’Analer* m a te r ia ls  and Grade ,A I v o lu m etr ic  g la ssw a re  were 

used throughout.
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R e s u lt s  and D is c u s s io n  F art 2 

Hature o f  th e  In te r m e d ia te s

The in te r m e d ia te s  formed by th e  a c t io n  o f  a n i l i n e  on 

o x a lo a c e t i c  a c id  are  most e a s i l y  s tu d ie d  hy u s in g  i t s  

e s t e r s  ( 1 )  and ( 2 ) *

H02C.C0.CH2 .C02Et ( 1 )  E t0 2C.C0,CH2,C02Et (2 )

s in c e  th e s e  cannot d e c a rb o x y la te  in  th e  p resen ce  o f  amines* 

When a n i l i n e  r e a c t s  w ith  ( l ) i n  aqueous s o l u t i o n ,  th e  product  

i s o l a t e d  i s  th e  a n i l i n e  s a l t  o f  th e  k e t im in e  hydrate (3)*

OH
I

H^-OgC.C.CHg.COgSt (3 )

HH0

T h is  compound g i v e s  c o lo u r l e s s  s o l u t i o n s  in  w ater , hut  

d i s s o l v e s  in  e th a n o l  to  g iv e  b r ig h t  y e l lo w  s o lu t io n s*  I t s  

u l t r a - v i o l e t  sp e c tr a  in  b o th  s o lv e n t s  are  shown in  F igs* 1 

and 2* The p ro d u ction  o f  a new h igh  i n t e n s i t y  ( £ « 15*200)  

a b so r p t io n  band in  a lc o h o l  a t  321 m ^ I s  th e  cause o f  the  

y e l lo w  colour* T h is  i s  a t t r ib u t e d  to  d eh yd ration  o f  th e  

k et im in e  hydrate producing th e  h ig h ly  conjugated  k e tim in e  

system  <u) .
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WJQ 1

0 1 tr e  - V i o l e t  a b so rp tio n  sp ec tra  o f  tfce k etim in e  hydrate  
( 3 )  in  w ater. S o lu t io n  1 x 1 0 * ^ . lout c e l l s *  A lso  the  
no n o e a te r  ( 1 ) 0

13000

OH
j  -  10 f&H3 02C.C.CH2.002C2H5 pH U.72

11000 ‘

9000
+  "OgC^CO.CHg^COgCgHj pfl 6*2

7000 '

5000

3000

310290250 270
Wavelength (m /O

210 230



J?±<* 2 .

U lt r a - v iA e t  a b s o r p t io n  sp ec tra  o f  the  ket im ine  hydrate*
(3 )  ®nd th e  ke t im in e  ( 5 ) In a b s o lu te  a l c o h o l ,  showing 
the  ket im ine  band a t  321 ny* • S o l u t i o n  1 * 10“ ^ ,  1mm c e l l e .

17000 •

13000

130OO

9000

7000

NH0

0  C2K50 2C.0.GHr C02Capi5

5000

3000

100o Wavelength (ny*)

360260 280 3202U0 300220



I n  agreement w ith  t h i s ,  when a n i l i n e  r e a c t s  w ith  th e  e s t e r  ( 2 )  

i n  a non aqueous s o l v e n t  such as a l c o h o l ,  the  product  

o b ta in ed  i s  the  ke t im in e  ( 5 )*

Et0 2C*C.CH2 .C0 2Et ( 5 )

I n  c o n t r a s t  t o  th e  k e t im in e  ( 3 ) which i s  c o l o u r l e s s ,  t h i s  

I s  a p a l e  y e l lo w  compound* I t  g i v e s  an i d e n t i c a l  band a t  

321 n ju , (£  * 15tUOO) to  ( 3 ) i n  e t h a n o l ,  Fig2* Only v e ry  

s l i g h t  i n c r e a s e s  i n  th e  i n t e n s i t y  o f  t h i s  band occur i n  

s o l v e n t s  o f  even lower d i e l e c t r i c  c o n s t a n t ,  such as d i e t h y l  

ether*

The d i f f e r e n c e  in  i n t e n s i t y  o f  the  two sp ec tra  i n  the  

r e g io n  o f  230  mm  I s  &ue to  the  p re sen ce  o f  a second  

m olecu le  o f  a n i l i n e  i n  ( 3 )* A n i l i n e  i n  e th a n o l ,  F i g . 3 , 

has an e x t i n c t i o n  c o e f f i c i e n t  o f  approxim ate ly  8 , 0 0 0 , 

t h i s  ag rees  very  w e l l  w ith  the  d i f f e r e n c e  o f  approxim ate ly  

7 *0 00 ,  i n  th e  e x t i n c t i o n  c o e f f i c i e n t s  o f  (h )  and ( 5 ) i n  

e th a n o l  a t  235 m^- • This  i n d i c a t e s  th a t  i n  e th a n o l  (ij)  

must be  rep resen ted  >

0 W „  + H0oC • C. CHL • C0«Et2 2 j| 2 2
M0

th e r e  can be no proton  t r a n s f e r  to  produce the  a n i l in iu m  

i o n ,  s i n c e  t h i s  shows no ab so rp t io n  a t  235 m/ jl 9 F ig * 3 *

The spectrum o f  the  ket im ine  hydrate  ( 3 ) shown in
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FIG 3

U l t r a - v i o l e t  abso rp t io n  s p e c t r e  o f  a n i l i n e  and the
a n i l in iu m  ion*

8000

in  water

7000

in  water

MM.6oco

in a b so lu te  
a lcoh o l*

5000

3000

2000

1000

2602U0 280 3203002 X 220
Wavelength (mi t )
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F ig * 1 ,  i s  a com posite  spectrum o f  fo u r  s p e c i e s ,  a n i l i n e  (A n),  

th e  a n il in iu m  io n  (AhH+ ) ,  th e  k e tim in e  hydrate (K ), and 

i t s  con ju gate  a c id  (KH+ ) .  The spectrum o f  a n i l i n e  in  water
13

shows two ban ds , one o f  t  = 8 ,2 00  a t  230 m /t  and a low 

i n t e n s i t y  band a t  280 mju, ( £  * 1 , 1*5 0 ) which i s  th e  c h a r a c t e r i s t i c  

b en zen o id  band*

The h igh  i n t e n s i t y  band i s  due to  v a r io u s  resonance
tU-forms In v o lv in g  th e  lon e  p a ir  o f  e l e c t r o n s ,

HH2 <=— > -  < ^ F  HH2 e t c .

These a r e  d e s tr o y ed  i n  th e  a n i l in iu m  io n  s in c e  th e  lo n e  p a ir  

i s  used to  b in d  th e  proton  and th e  band d isa p p ea r s .

o -  f H
H

In  order  to  make a more thorough stu d y  o f  th e  k etim in e  

hyd rate  s p e c t r a ,  i t  was dec id ed  to  s y n t h e s i s e  th e  corresp ond ing  

compounds d er iv ed  from methyl k eto  malonate CH^OgC.CO.COgCH^I 

which should  c l o s e l y  resem ble o x a lo a c e t a te  d e r iv a t iv e s *

IO
9

OH W 0
i I

MeOgC.O.COgMe MeOgC.C.COgMe Me02C.C.C02Me

( 6 )  im0  ( 7 )  MH0 (8 )  M0

Both ( 6 )  and (7 )  are  s t a b le  c o lo u r l e s s  compounds, however, 

( 6 )  can r e a c t  w ith  e x c e s s  a n i l i n e  to  g iv e  ( 7 ) .  (8 )  i s  a



"bright y e llo w  o i l  (k e t im in e ) ,  "but i s  so r e a c t iv e  th a t  i t
15

proved im p o ss ib le  to  prepare i t  in  a pure s ta te *  Any 

compound w ith  an e a s i l y  d i s s o c i a b le  hydrogen atom such  

as w ater , a n i l i n e  or  a lc o h o l  adds a c r o ss  the  double  

bond w ith  g r ea t  e a s e ,  th e  f i r s t  two g iv in g  (6 )  and ( 7 )  

r e s p e c t iv e ly *  T his i s  in  marked c o n tr a s t  to  most k e t im in e s ,  

th e  k e t im in e  hydrate  i s  u s u a l ly  v e ry  u n s ta b le  l o s i n g  

water r a p id ly  to  g iv e  the  ketim ine*

The u l t r a - v i o l e t  a b so rp t io n  spectrum o f  ( 6 ) ,  F ig .i* ,  

i s  a lm ost i d e n t i c a l  to  th a t  o f  a n i l i n e ,  F ig * 3* Thus (6 )  

shows peaks a t  235 ( £ = 8 , 5 0 0 ) and 285 iw/a ( £ = 1 ,6 0 0 ) ,

compared to  th e  a n i l i n e  peaks a t  235 m/L ( E = 8,1*00) and 

285 m / i ( £ s s  1 ,7 0 0 )  in  a lc o h o l .  The u l t r a - v i o l e t  a b so rp t io n  

p r o p e r t i e s  o f  ( 6 )  depend s o l e l y  on th e  # - M ~  grouping;  

t h i s  can a l s o  be se e n  from th e  sp e c tr a  o f  (1 )  and ( 3 ) in  

3?ig*1* The m onoester ( 1 )  has o n ly  v ery  weak u l t r a - v i o l e t  

a b so rp t io n  and th e r e  can be no fu r t h e r  co n ju g a t io n  on 

p r o d u ct io n  o f  th e  hydrate* The k etim in e  hydrate (K) i s  

exp ected  to  behave s i m i l a r l y ,

OH .
I

HOgC. C * CHg # COgBt

Mf# (K)

I t  i s  u s u a l ly  found th a t  s u b s t i t u t e d  a n i l i n e s  have very  

comparable b a s ic  s tr e n g th s  to  a n i l i n e  (e * g .  a n i l i n e  and
/6-/T

d im eth y l a n i l i n e ) .  I t  would, t h e r e f o r e ,  be exp ected  th a t



E
xt

in
ct

io
n 

co
ef

fi
ci

en
t

FIG k

’ 1 t r a - v i o l e t  ab so rp t io n  sp ec tra  o f  ( 6 )  and (7 )  In 
a b s o lu te  a lco h o l#  The spectrum of  (6 )  compares 
with th a t  o f  (3)# PIG 1# The band at 320 m/i, i s  a b s e n t .  
S o lu t io n s  1 K 10”^M. 1cm c e l l s .

12000
GH-O-C.G.CO^CH

10000

CH.O^C,C.CO-CH8000

6000

UOOO

2000

350270 330230 290 310210 230

Wavelength (n y O



p&k f o r  the  k e tim in e  hydrate (k )  would he s im i la r  to  th a t  

f o r  a n i l in e #  L a ter  p o te n t io m e tr ic  measurements show t h i s  

to  he th e  case* I t  would a l s o  he ex p ected  from p rev io u s  

r ea so n in g  th a t  th e  con ju gate  a c id  (KH*) would show 

very  weak u l t r a - v i o l e t  a b so rp tio n  in  the  230-300 mju. 

region# The k e tim in e  hydrate  should thus hehave under 

d i f f e r e n t  c o n d it io n s  o f  pH l ik e  two m olecu les  o f  a n i l in e #  

F i g .5 a * shows th e  sp ec tra  o f  th e  ketin lin e  hydrate  ( 3 )  

in  v a r io u s  b u f f e r  s o l u t i o n s ,  a hand in  th e  r eg io n  o f  

230 m/t i s  p r e se n t  in  each case# Table  1 ,  shows a comparison  

betw een  th e  i n t e n s i t y  o f  t h i s  band and th a t  shown by  two 

m o le c u le s  o f  a n i l in e *  A v a lu e  o f  2#i+5 x 10“  ̂ was taken  

f o r  th e  d i s s o c i a t i o n  con stan t  o f  the  a n il in iu m  ion*

AnH+ + H20 An + H-,0+

T h is  compares w ith  a v a lu e  o f  2 .3 3  x 10 -  ̂ a t  25° and 

I  a  0 .3 0 0 ,  g iv e n  h y  PK3ERSEN. T h is  should  he independent  

o f  i o n i c  s t r e n g t h .  However, s l i g h t l y  h ig h er  v a lu e s  have
ii

b een  found in  d i l u t e  s o lu t io n s *  Column 5 g iv e s  the  o p t i c a l  

d e n s i t y  c a lc u la te d  f o r  a 1 x 10 Molar s o l u t i o n  o f  

a n i l i n e  i n  a 1mm c e l l  a t  230 ny*. u s in g  the  v a lu e s  £ a n i l i n e  

» 8 ,6 0 0 ,  £  a n il in iu m  io n  = 0* The s ta r r e d  experim ent was 

c a r r ie d  out a t  zero  io n ic  s t r e n g th .  The agreement betw een  

th e  two f i n a l  columns in d ic a t e s  th a t  KH+ does have a 

s im i la r  d i s s o c i a t i o n  co n sta n t  to  th a t  o f  th e  a n il in iu m  

io n  and must have o n ly  very  weak u l t r a - v i o l e t  a b so rp t io n
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PH 1051h+} i o 5 |’h+J lO^jAii]

4*98 1.01)7 1 .1 6 0 .6 8

*  4 .7 2 1.91 1.91 0 .5 6

4.26 5 .5 0 6 .0 9 0 .2 9

3 .6 3 2 3 . Ui) 26.00 0 .0 8 6

in  th e  r e g io n  o f  230 m.ju •

Table 1 A b sorption  o f  th e  ketim e hydrate  compered to  th a t  

o f  a n i l in e *

I sb 0*01 , f^ (D a v ie s )  = 0 .903# Ketim ine hydrate ( 3 )  1 x  1Q~^

C a lc .  2 x  C a lc .
O.D. O.D. O.D.

0 .5 3 5  1 .1 7  1 .1 9

0 .4 8 2  0 .9 5  0 .98

0 .2 4 9  0 .5 0  0 .5 2

0 .0 7 4  0 .1 5  0 .2 5

I t  i s  thus p r a c t i c a l l y  im p o ss ib le  to  d i s t i n g u i s h  

betw een a n i l i n e  and th e  ketim in e  hydrate  u s in g  th e  230  mju. 

peak, and no measure o f  th e  c o n c e n tr a t io n  o f  th e  ketim ine  

hyd rate  under v a r io u s  c o n d it io n s  o f  pH can be made.

The a b so rp t io n  o f  ( 6 )  in  th e  r e g io n  o f  200 m/A was 

then  i n v e s t ig a t e d  to  s e e  i f  any o th e r  h igh  i n t e n s i t y  

a b so rp t io n  bands were p r e sen t  in  t h i s  a r ea .  (6 )  shows an 

in t e n s e  band, F ig .5 b ,  a t  205 mju  ( £ = 1 0 ,0 0 0 ) .  The k e t im in e  

hydrate  shows a s im i la r  band a t  203 iujjl , .F ig .5 a #  i l l u s t r a t e s
JU. X

i t s  b eh a v io r  w ith  pH. I t s  con ju ga te  a c id  KH i s  exp ected  
A

to snow s im i la r  a b so rp t io n  to  the  a n i l in iu m  io n  in  t h i s  

r e g io n .  Four s p e c ie s  w i l l  absorb a t  205 m/*• AnH+ , £  = 7 ,0 0 0 ;  

KH+ , £ =  7 ,0 0 0 ;  A n ,£  = 2 ,0 0 0 .  The v a lu e  f o r  K i s  unknown.

A reaso n ab le  va lu e  can, however, be c a lc u la t e d ,  thus a t  

pH 4 .9 8 ,  the o p t i c a l  d e n s i ty  o f  a 1 x 1 0 ~^ s o l u t i o n  o f  (3 )

M.

o b s .
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( a )  U l t r a - v i o l e t  a b so rp t io n  sp ec tra  o f  the ketimine  
hydrate  ( 3 ) in  a c e t a t e  b u f fer s*

(b) U l t r a - v i o l e t  ab so rp t io n  spectrum o f  th e  ketimine  
hydrate (6 )  in  a b s o lu t e  a l c o h o l .

(a )  (b )

1 8000 OH

CH,0£.C.C0„CH

16000
in  a b s o lu te

a lc o h o l
11*000

12000

10000

8000

6000
pH U.2 6

1*000

pH 3 .6 3

2000

Wavelength (n^i) a v e le n g th  (nyx)

190 210 2^0 190 210 230



in  a 1 mm# c e l l  i s  1 .7 0  s t  205  m^t, t h e r e f o r e ,  £ (K )  * 16 ,000#  

Table 2 shows observed  and c a lc u la t e d  o p t i c a l  d e n s i t i e s  a t  

v a r io u s  pH1 s .

Table 2 Observed and c a lc u la te d  v a lu e s  o f  th e  o p t i c a l

d e n s i t y  o f  th e  ketim in e  hydrate ( 3 )  a t  205 mxx.

I  sa 0«.0 1 ,  f 1 (D a v ie s )  * 0 .9 0 3 .  1 mm c e l l s .  S o lu t io n  1 x 10“3

PH 1 o5£h+} l o S j V ] IO^LaeQ
or[K]

10 3
orQUaHJ

O.D.
c a lc .

O.D.
ob s .

it. 98 1..0U7 1 .1 6 0 .6 8 0 .3 2 1 .7 1 .7

It, 72 1.91 1.91 0 .5 6 o .b h 1 .6 3 1 .6 5

it. 26 5 .5 0 6 .0 9 0 .2 9 0.71 1 .5 2 1 .5 0

3 .6 3 23 . Wt 2 6 .0 0 .0 9 0.91 1 .3 5 1 .2 5

2 .1 2 7 5 9 .0 81)1.0 1 .0 0 1.U0 1 .3 6

The agreement i s  very  good c o n s id e r in g  the  assum ptions  

invo lved #  I t  would be expected  th a t  £ (k )  could  be e a s i l y  

o b ta in ed  from measurements a t  h igh  pH, s in c e  o n ly  two 

s p e c i e s  would be p r e se n t  (An)  and (K)# The e x t i n c t i o n  

c o e f f i c i e n t  observed a t  205 m/rand pH 1 1 .8 0  i s  around 

15*700 g iv in g  a v a lu e  o f  £(K ) = 13*700 ( £ (a )  « 2 ,0 0 0  a t  

205 m^u,). However, a t  t h i s  pH an in t e n s e  new band appears in  

th e  spectrura a t  273 m/U' , £ =  1 7 ,8 0 0  # F i g . 6 shows th e

v a r ia t io n  in  i n t e n s i t y  o f  t h i s  band w ith  pH. The appearance  

o f  t h i s  band around pH 7*5 in d ic a t e s  th a t  the  s p e c i e s  

formed probably p la y s  an im portant part in  the  i n h ib i t i o n  

o f  d e c a rb o x y la t io n  a t  h igh  pH 's , s in c e  around pH 12 , no
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d e c a r b o x y la t io n  o c c u r s .  The s i t u a t i o n  o f  the  hand a t  273 »

s u g g e s t s  a s t r u c tu r e  o f  type ( a ) .  Thus /^ -d ie t h y l  aminoi 

e th y l  t r i f lu o r o c r o t o n a t e  (b )  has an a b so rp t io n  maximum 

at 273 nui snd £ = 8,000 in  w ater .

HOgC. C = CH.COgSt OF,. C = CH.C02Et

Hl«f ( a )  (to) N-(C2H5 )2

These experim en ts in d ic a t e  th a t  a number o f  compounds may 

occu r  a s  in te r m e d ia te s  in  th e  a n i l i n e  c a ta ly s e d  d e c a r b o x y la t io n  

o f  o x a lo a c e t i c  a c id .  The k e t im in e  and i t s  a n i l i n e  d e r iv a t iv e  

a re  probably  in te r m e d ia te s  in  non-aqueous s o lv e n t s  such  

as a l c o h o l ,  w h ile  th e  k etim in e  hydrate occu rs in  aqueous 

so lu t io n *

The K etimine E q u i l ib r ia  in  A lco h o l

The h ig h  I n t e n s i t y  band a t  321 m/*. in  a lc o h o l  a t t r ib u te d  

to  th e  k e t im in e  ( k ) t  a l lo w s  a s im p le  measurement o f  th e  

e q u il ib r iu m ,

( 1 )  H02C.C0.CH2.C02Et * 0 m 2 ^  H02C.C.CH2.C02Ett A
s in c e  n e i t h e r  a n i l i n e  nor the e s t e r  ( 1 )  absorb i n  t h i s  

r e g io n .  The f i n a l  o p t i c a l  d e n s i t i e s  o f  m ixtures o f  e s t e r  (1 )  

and a n i l i n e  at v a r io u s  a n i l i n e  c o n c e n tr a t io n s  are  shown 

in  Table 3« The k e t im in e  band obeys B eer’ s  Law w ith in

reaso n ab le  l i m i t s .



T ab le  3 F in a l  o p t i c a l  d e n s i t i e s  o f  m ix tu res  o f  ©step ( 1 )  

and a n i l i n e  a t  v a r io u s  a n i l i n e  co n cen tra t io n s*

Wavelength 1+20 m/A ,  1 cm* c e l l s *

U ) [ ho2c . CO*CHg*COgKtJa 0.02M. (B)[#NH+~0 2c# C(0H, 
» 0.02M.

Mi^).CH2C02E t |

A n i l in e }
F in a l  

O p tic a l  D e n s ity [A n il in e ]
O p t ic a l
D e n s ity

^ D ia n l l ln e
D e r iv a t iv e

0*02 1 .1 2 1 .1 2 -

0.01+ 0 .9 9 2 0 .0 2 0 .9 9 3 1 1 .3

0 .0 6 0 .9 5 0 0.01+ 0.951+ 11+.8

0 .1 0 0 .8 6 0 0 .0 8 0. 861 23.1

0 .01 0.60 - - mm

I n  column (a ) ,  th e  f i n a l  o p t i c a l  d e n s i t i e s  d e c re a se  w ith  

I n c r e a s in g  a n i l i n e  co n c en tr a t io n *  h u t a g ree  p e r f e c t l y  w ith  

th o s e  o b ta in ed  by  th e  a d d i t io n  o f  a corresp ond ing  amount 

o f  a n i l i n e  t o  th e  k e tim in e  hyd rate  (column B*)* T h is  I s  

a t t r ib u t e d  to  th e  f a c t  th a t  in  th e  p resen ce  o f  e x c e s s  

a n i l i n e  an a d d i t io n a l  r e a c t io n  can occur*

\  /
G nh c x

* - 0 +  Q  O - 1* KH

As has b een  p r e v io u s ly  shown, th e  d i a n l l l n e  d e r iv a t i v e  o f  

m ethyl ketom alonate ( 7 )  has no a b so rp t io n  i n  t h i s  r e g io n

(1+20 m /O f  thus th e  f i n a l  o p t i c a l  d e n s i t i e s  decrease*



The p ercen tag e  o f  d i a n i l i n e  d e r iv a t iv e  has been  c a lc u la te d  

u sin g  a v a lu e  o f  £ (K*) at 1+20 mju-equal to  56 . In  agreement 

w ith  t h i s ,  d im e th y la n i l in e  which cannot g iv e  such a r e a c t io n ,  

has no e f f e c t  on the  f i n a l  o p t i c a l  d e n s i t i e s .  0 .0 8  d im ethyl  

a n i l i n e  + 0 .0 2  k e tim in e  hydrate ( 3 )  g iv e s  an o p t i c a l  d e n s i t y  

o f  1 .0 9 .

These experim ents in d ic a t e  th a t  com plete con d en sa tio n  

betw een th e  k e to  a c id  and a n i l i n e  ta k e s  p la c e  w ith  the form a tio n  

o f  th e  k e t im in e .

Comparislfon o f  th e  r a te  o f  form ation  o f  th e  k e tim in e  (K* )  

and th e  r a te  o f  d e c a r b o x y la t io n  o f  o x a lo a c e t ic  a c id  in  a l c o h o l .

A lthough com plete  con d en sa tion  occu rs  between a n i l i n e  and 

th e  e s t e r  ( 1 )  i n  a lc o h o l ,  th e  r e a c t io n  does not take  p la c e  

in s ta n ta n e o u s ly .  F i g . 7 shows th e  r a te  o f  form ation  o f  th e  

k etim in e  (K*) a t  d i f f e r e n t  a n i l i n e  c o n c e n tr a t io n s  g iv e n  

by th e  o p t i c a l  d e n s i ty - t im e  c u r v e s .  The r e a c t io n  i s  second o r d e r ,  

t h i s  i s  i l l u s t r a t e d  by data a t  two a n i l i n e  c o n c e n tr a t io n s ,

Table  i+.

O x a lo a c e t ic  a c id  d e c a r b o x y la te s  in  a l c o h o l ,  s in c e  

sp ec tro p h o to m etr ic  measurements in d ic a t e  th a t  i t  i s  o n ly  

i+5 % e n o l i s e d  under such c o n d i t i o n s ,F i g . 8 . E n o lic  o x a lo a c e t i c  

a c id  does not d e c a r b o x y la te .  A n i l in e  r a p id ly  c a t a l y s e s  the  

d e c a r b o x y la t io n  o f  o x a lo a c e t ic  a c id  in  a lco h o l*  Manometrie 

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

were made. These gave  pseudo f i r s t  order p l o t s  w ith
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FIG 9

F i r s t  order manoraetric p l o t s  f o r  the  a n i l i n e  ca ta ly sed  
d e c a rb ox y la t io n  o f  o x a l o a c e t i c  ac id  in a b so lu te  a lc o h o l  
at  25°•  O x a lo a c e t i c  ac id  0*02 M. F igures  in  b r a c k e ts ,  
a n i l i n e  c o n c e n tr a t io n s .
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FIG 10

Rate o f  d e c a r b o x y la t io n  o f  o x a l o a c e t i c  
ac id  in  a l c o h o l  8 t  25°t f o r  v a r io u s  
a n i l i n e  c o n c e n tr a t io n s .  O x a lo a c e t ic  
a c id  0 .0 2  If* The uncata lysed  r a te  i s  
g iv en  by lc*= 8 . 6 3  x 10“*V
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FIG 11

C o.iparis/on  o f  the r a te  o f  d e c a rb o x y la t io n  o f  
o x a lo a c e t ic  a c id  end the r 8 te  o f  form ation  o f  

the ketim ine  o f  e s t e r  (1 )  a t  25^. A n i l in e  0 .02  
O x a lo a c e t ic  ac id  and e s t e r  (1 ) *0.02 M.
Q D ecarb ox y l8 t io n  Q Ketimine form ation
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f ^

r e s p e c t  to  o x a lo a c e t ic  a c id ,  F i g . 9 .  The f i r s t  order r a te  
c o n s ta n ts  in c r e a se d  in  an approxim ately  l in e a r  manner

w ith  a n i l i n e  c o n c e n tr a t io n ,  F i g . 10* A ccurate  k i n e t i c

in fo rm a tio n  on the  form ation  o f  the  k e tim in e  K* o f

e s t e r  ( 1 )  i s  d i f f i c u l t  to  o b ta in ,  due to  c o m p lic a t io n s

a r i s i n g  from th e  d i a n i l i n e  d e r iv a t i v e .  A d i r e c t  comparison

betw een th e  manometric and sp ec trop h otom etr ic  data i s  most

c o n v e n ie n t ly  made by u s in g  th e  exp er im en ta l h a l f  l i f e s  -  i . e .

a comparison o f  th e  t im es taken f o r  h a l f  the  k etim in e  to

form and h a l f  the  o x a lo a c e t ic  a c id  to  d e c a r b o x y la te .  These

v a lu e s  are  shown in  T able  5* ( i t  i s  expected  th a t  th e  r a te

o f  form ation  o f  th e  k e t im in e  o f  e s t e r  (1 )  w i l l  b e  v ery

s im i la r  to  th a t  f o r  o x a lo a c e t ic  a c id )#

T ab le  5 Comparison o f  the  h a l f  l i v e s  o f  k etim in e  form ation  

o f  e s t e r  ( 1 )  and o f  d e c a r b o x y la t io n  o f  o x a lo a c e t i c  

a c id  i n  a lc o h o l  a t  25° .

O x a lo a c e t ic  a c id  0.02M. E s te r  (1 )  0.02M#

H a lf  l i f e  H a lf  l i f e  Ketinunt
A n i l in e  D eca rb o x y la tio n " ( m in s . ) form ation  (minsIT;

5 .5  

3 . 3 5

2 .3

1 .3

0 .0 2

0.0U

0 .0 6

0 .1 0

3 .5

3 .3

2.i+

1 . U



These v a lu e s  in d ic a t e  th a t  the  r a te  o f  d e c a r b o x y la t io n  i s  

equal to  the  r a te  o f  k e tim in e  form a tion . The r a te  c o n t r o l l in g  

s t e p  in  a lc o h o l  i s  thus th e  form ation  o f  th e  k e t im in e ,  th e  

a c tu a l  d e c a r b o x y la t io n  b e in g  very  f a s t .  F ig .1 1 ,  shows a 

comparison o f  o p t i c a l  d e n s i t y  read in gs f o r  k e t im in e  

form a tion  o f  e s t e r  ( 1 )  and manometric d e c a r b o x y la t io n  

r ea d in g s  f o r  o x a lo a c e t i c  a c id .  The i n i t i a l  s low  r a te  o f  

d e c a r b o x y la t io n  i s  probably due to  m ixing e r r o r s  in  the  very  

f a s t  r e a c t io n .  As would be exp ected  s o lu t io n s  o f  o x a lo a c e t ic  

a c id  and a n i l i n e  show o n ly  v e ry  s l i g h t  a b so rp t io n  a t  U20 m/jc 

i n  a lc o h o l .

D eca rb o x y la t io n  in  aqueous s o l u t i o n  a t  2 5 ° .

Measurements o f  th e  r a te  o f  d e c a r b o x y la t io n  o f  o x a lo a c e t ic  

a c id  in  aqueous s o l u t i o n  were made a t  a number o f  d i f f e r e n t  

pH’ s  and a n i l i n e  c o n c e n tr a t io n s .  L inear  f i r s t  order  p l o t s  

w ith  r e sp e c t  to o x a lo a c e t ic  a c id  were ob ta in ed  in  every  

c a s e .  F ig .1 2  shows a t y p i c a l  p l o t .

The r a te  in c re a se d  l i n e a r l y  w ith  a n i l i n e  c o n c e n tr a t io n  

and no ev id en ce  f o r  a l e v e l l i n g  in  r a te  even a t  very  h igh  

a n i l i n e  c o n c e n tr a t io n s  could  be found. F i g . 13 i l l u s t r a t e s  data  

f o r  a number o f  pHfs  and a n i l i n e  c o n c e n tr a t io n s .  These  

experim ents would appear to  in d ic a t e  th a t  th e  r e a c t iv e  i n t e r 

m ed iates  are p r e sen t  in  o n ly  v ery  sm all amounts.

Sach s e t  o f  k in e t i c  experim ents was c a r r ie d  out a t  a 

con stan t  i n i t i a l  pH in  an a c e t a t e  buffer^  "the o x a lo a c e t ic
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a c id  c o n c e n tr a t io n  b e in g  0.02M. The r a te  c o n s ta n ts  were

ev a lu a ted  from f i r s t  order i n f i n i t y  p l o t s  and are  quoted  
-1in  min u n i t s  u s in g  d eead ic  lo g a r ith m s.

The r e s u l t s  ob ta in ed  are shown in  Table 6 .  Some

experim ents a t  low pH’ s were c a r r ie d  out in  c h lo r o a c e ta te

b u f f e r s .  Experim ents in  b o th  a c e t a t e  and c h lo r o a c e ta te

b u f f e r s  a t  pH 3 .6  in d ic a te d  th a t  in  order to  compare r a te s
'ToCte. CorvStQKt-S m ■the

in  a c e t a t e  and c h lo r o a c e ta te  b u f f e r s  t h e ^ la t t e r  must be

m u lt ip l ie d  by a f a c t o r  o f  1 .U 0.

A pH-Rate p r o f i l e  was ob ta in ed  by p l o t t i n g  the  s lo p e  o f

th e  r a te  v s  [ a n i l in e ]  curves a g a in s t  pH. The v a lu e s  shown on

th e  r a te  a x i s  are e q u iv a le n t  to  th e  r a te  c o e f f i c i e n t s  f o r  an

a n i l i n e  c o n c e n tr a t io n  equal to  0 .1 0  Molar. 1  maximum i s

observed  around pH 1+.0, F ig .  1U# the  r a te  d e c r e a s in g  r a p id ly
n

on e i t h e r  s id e  o f  t h i s  v a lu e ,  i&n a n a ly s i s  o f  PEDERSEN’S data  

shows a s im i la r  pH v a r ia t io n .

F i g . 15* shows a p lo t  o f  some o f  PEDERSEN’S runs a t  an 

o x a lo a c e t ic  a c id  c o n c e n tr a t io n  o f  0.015M. and 37°* in  b o th  

h y d ro c h lo r ic  ac id  and a c e t a t e  b u f f e r s .  d x and d x are  the  

d eg rees  o f  d i s s o c i a t i o n  o f  th e  mono and d ia n io n s  o f  

o x a lo a c e t i c  a c id  c a lc u la t e d  from eq u atio n s  ( i )  and ( 2 ) .

oC, = 1 + + k 1 k 2 iH +] 2 ( 1 )

c<z = ^ k j / f ^ H * } 2/  1 + k . , /  + ^ k g / f g i H ^ 2
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Table 6 A n ilin e  catalysed  decarboxylation o f  oxaloacetic

acid at 25°.

a molar a c e t i c a c id ,  b molar sodium a c e t a t e ,  c, molar

a n i l i n e  h y d ro c h lo r id e . O x a lo a c e t ic  a c id  0 . 02M. I * 0 .3 0 0

a & c 2 y **110 k min pH (m easured)

0. 101a 0 .3 0 0 0 .0 2 0 1*. 60 It. 91
0.0881* 0 .3 0 0 0 .0 5 0 1 1 .6 0 it. 89
0.081*2 0 .3 0 0 0 .0 6 0 1 2 .7 it. 90
0 .0 7 5 0 0 .3 0 0 0 .0 8 0 1 8 .3 0 i t .90
0 .0 1 6 7 0 .3 0 0 0 .1 0 0 1 0 .8 6 5 .3 6
0 .0 5 0 0 0 .3 0 0 0 .1 0 0 7 .0 0 5 .5 8

o.i*oo 0 .3 0 0 0 .0 2 0 5 .7 it. it2
0. 1*00 0 .3 0 0 0 . 01*0 1 2 .0 It. itO
0.1400 0 .3 0 0 0 .0 6 0 1 8 .8 It.itO
0 .U00 0 .3 0 0 0 .0 8 0 22.lt it. l|1

1.11*0 0 .3 0 0 0 .0 2 0 8.0 3.9it
1.11*0 0 .3 0 0 0.01*0 13.8 3.91t
1.11*0 0 .3 0 0 0 .0 6 0 20.2 3.9 it
1 . 11*0 0 .3 0 0 0 .0 8 0 26.0 3.9it

1 .9 5 0 0 .3 0 0 0 .0 2 0 7.01 3 .7 6
1 .9 5 0 0 .3 0 0 0.01*0 1 3 .9 8 3 .7 6
1 .9 5 0 0 .3 0 0 0 .0 6 0 1 8 .8 0 3 .7 6
1 .9 5 0 0 .3 0 0 0 .0 8 0 27.0 3 .7 6

2 .0 0 0 0 .3 0 0 0 .0 2 0 6.U0 3 .6 0
2 .0 0 0 0 .3 0 0 0 . 01*0 1 2 .6 0 3 .6 0
2 .0 0 0 0 .3 0 0 0 .0 6 0 1 8 .5 0 3 .6 0
2 .0 0 0 0 .3 0 0 0 .0 8 0 2U.00 3 .6 0
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Table 6 A niline catalysed  decarboxylation o f  oxa loacetic

acid at 25°.

C h lo r o a c e ta te  b u f f e r s ;  a molar c h lo r o a c e t i c  a c id ,

£  molar sodium h yd rox id e , jg, molar a n i l i n e  h yd roch lo r id e

& b £
? * —110  k min pH 1 .U 0  x  l o W i i T 1

0 .2 0 0 0 .1 9 6 0 . 02+0 9 .0 3 .6 0 1 2 .6 0

0 .2 0 0 0 .1 8 0 0 . 02+0 6 .6 3 .2 8 9 .2 k

0 .2 0 0 0 .1 7 0 0 . 02+0 5 .8 3 .1 0 8 .1 2

and kg are  th e  thermodynamic i o n i s a t i o n  c o n s ta n ts  o f
o —̂o x a lo a c e t i c  a c id .  At 37  th e s e  hsve  the  v a lu e s  3 # 55 x  10

and i+, 38 x  1 0 “  ̂ r e s p e c t i v e l y ,  ^H+l i s  th e  hydrogen io n  a c t i v i t y

and and f g  th e  a c t i v i t y  c o e f f i c i e n t s  o f  u n iv a le n t  and

b iv a le n t  io n s  ob ta in ed  from th e  D avies  e q u a tio n .

Only v ery  s l i g h t  c a t a l y s i s  occu rs a t  pH 1 ,  Table 7

g iv e s  PEDERSEN’S data a t  3 7 ° ,  th e  r a te  in c r e a s e s  l i n e a r l y

w ith  a n i l i n e  c o n c e n tr a t io n .  T his e f f e c t  i s  not due to  g e n e r a l

b a se  c a t a l y s i s  s in c e  d im e t h y la n i l ln e ,  which has alm ost th e

same b a s i c  s t r e n g th ,  does not c a t a ly s e  th e  r e a c t io n ,T a b le  8 ,

.A n iline  can form a k e tim in e  hydrate  w ith  o x a lo a c e t ic  a c id ;

t h i s  cannot occur w ith  d im e th y la n i l ln e .  At h ig h er  pH’ s
n

PEDERSEN used o n ly  very  low a n i l i n e  c o n c e n tr a t io n s ;  however,

fu r th e r  experim ents have shown th a t  curve C, F ig .1 5 »  shows

no l e v e l l i n g  a t  a n i l i n e  c o n c e n tr a t io n s  up to  0.08M,
1

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

t o  t h e  d e c o m p o s i t io n  o f  t h e  mono and d i a n i o n  complexes o f



o x a lo a c e t ic  a c id  and a n i l i n e .  Complexes In v o lv in g  the  

u n d is so e ia te d  a c id  having l i t t l e  e f f e c t  ex cep t  in  very  

ac id  s o l u t i o n s .

Table  7 A n i l in e  c a ta ly s e d  d e c a r b o x y la t io n  o f  o x a lo a c e t ic

a c id  a t  37° a f t e r P ed ersen .

O x a lo a c e t ic  a c id 0 .0 1 5  M. I a 0 .3 0 0

A n i l in e  HC1 HC1 103k* min~1

a*a» 0 .1 0 0 0 .5 6 8

0 .01 0 .1 0 0 0 .9 2 6

0 .0 2 0 .1 0 0 1 .2 7 2

0 .0 5 0 .1 0 0 2.31U

0 .1 0 0 .1 0 0 k .2 0 5

D im e th v la n i l in e  e a ta lv s e d d e c a r b o x y la t io n  o f

o x a lo a c e t i c  a c id  a t  2 5 ° .

O x a lo a c e t ic  a c id •*CM
O.o I  * 0 .1 0 0

D im eth y l-  
a n i l i n e  HC1 HC1 10^k* min- ^

- 0 .1 0 0 0 .0 9 6

0 .0 2 0 0 ,1 0 0 0 .0 9 9

0 .0 9 3 0 .1 0 0 0 .0 9 8

In  s o lu t io n s  c o n ta in in g  h y d ro c h lo r ic  a c id ,  agreement w ith  

th e  experim en ta l r e s u l t s  cou ld  be  o b ta in ed  u s in g  th e  eq u a tion s  

( a t  3 7 ° ) .



1 0 3 k = 0 .1 7 6  + 1 .1 9  jjAnH+J

103 ^  = 6,1+7 + 1*01*|AiiH+]  + 260 lAnH+] 2

103 k2 * 1.81 + 38,UOOjAnH+J ■*• 55,000 (knH+] 2

where kQ» and kg are  the  r a te  c o n s ta n ts  f o r  th e  u n d is so c ia te d  

a c id  and i t s  mono and d ia n io n s  r e s p e c t i v e l y ,  AnH+ i s  th e  

a n il in iu m  io n .  The c a t a l y t i c  e f f e c t  o f  a n i l i n e  on the  d ia n io n  

would appear to  he  enormous.

U n fo r tu n a te ly  however, th e se  eq u a tio n s  do not apply  

i n  a c e t a t e  b u f f e r s ,  the  c a lc u la t e d  r a te  c o n s ta n ts  b e in g  

614-93 $  too  h ig h . In  t h i s  c a se  r a te  c o n s ta n ts  may be c a lc u la t e d  

u s in g  th e  e q u a t io n s ,

1 (P  ss 6 .U7 + k»h  x  103 \A.nH*]

103 k2 = 1.81 + (16.1+ +■ i i . 8 ^ c " ] )  lO3 ^ * ]

I t  1b i n t e r e s t i n g  th a t  [A n H j2 t e r n s  are not req u ired  in  a c e t a t e  

b u f f e r s .  T h is  i s  probably  due to  th e  f a c t  th a t  in  a c e t a t e  

b u f f e r s  the  a c id  i s  h ig h ly  i o n i s e d .  The k e t im in e  hydrate (3 )  

was i s o l a t e d  in  aqueous s o l u t i o n  as i t s  a n i l i n e  s a l t ,  

in d ic a t in g  th a t  a secondary c a t a l y t i c  e f f e c t  may occur by  

i o n i s a t i o n  o f  th e  carb oxyl groups by th e  a n i l i n e ,

a l t e r n a t i v e l y  however, th e  pH v a r ia t io n  may be due 

to  th e  pH dependence o f  th e  a n i l i n e - o x a l o a c e t i c  a c id  

e q u il ib r iu m , Almost c e r t a i n l y  the  r e a c t iv e  in te rm e d ia te  in  

aqueous s o l u t i o n  i s  a d e r iv a t i v e  o f  the  k e t im in e  hydrate ( A) 

produced b y  an a d d it io n  r e a c t io n  o f  a n i l i n e  and o x a lo a c e t ic



(103)

acid*

OH

HOgC.C.GH^Og

S✓ OH

OH
(A) %  _ I

20C .0.0H 2C02H

NH0

OH

(B)

Presumably t h i s  type  o f  a d d i t io n  r e a c t io n  should  not "be pH 
dependent* The form a tion  o f  th e  k e t im in e ,  In v o lv in g  the

e l im in a t io n  o f  water would "be pH dependent and i t  i s  w e l l

known th a t  k e t im in es  are  hydrolysed  in  a c id  s o l u t i o n .

U n fo r tu n a te ly  i t  i s  not ea sy  to  measure th e  c o n c e n tr a t io n

o f  the  r e a c t iv e  in te r m e d ia te s  in  s o l u t i o n  a t  v a r io u s  pH’ s .

The d i f f e r e n c e s  in  r a te s  o f  d e c a r b o x y la t io n ,  a r i s in g  from

the  carb oxyl groups rep resen ted  in  the  above scheme, have

been  dem onstrated p r e v io u s ly .  I n  the  k e t im in e  h yd rates  

th e  proton  i o n i s a t i o n  e q u i l i b r i a  a t  th e  n i tr o g e n  atom 

must a l s o  be co n s id ered .

P o te n t io m e tr ic  Measurements

P rev iou s experim ents u s in g  th e  h a l f  e s t e r  o f  o x a lo a c e t ic  

a c id  have shown th a t  the  in te rm e d ia te  in  water i s  the



k etim in e  hydrate* In  agreement w ith  t h i s ,  no y e llo w  

c o lo u r a t io n s  expected  from the  k e t im in e  were observed  

during  th e  k i n e t i c  measurements*

By an alogy  to  m etal io n  c a ta ly s e d  d e c a r b o x y la t io n ,  

th e  r e a c t iv e  compound i s  th e  con ju g a te  a c id  o f  th e  ketim in e  

hydrate  ( d ) .  A p o s s i b l e  r e a c t io n  scheme b e in g ,

S p ectrop h otom etr ie  measurements on the  a n i l in iu m  s a l t  o f  

th e  k e t im in e  hydrate  (3 )  in d ic a t e  th a t  i t s  conjugate  a c id  

has a s i m i la r  d i s s o c i a t i o n  con stan t  to  th e  a n i l in iu m  ion*

In  aqueous s o l u t i o n  th e  i o n i s a t i o n  e q u i l i b r ia  o f  the  a n i l i n e  

s a l t  can be  r ep resen ted  by

HYDH+ HYD + H+ 5 ^  = [HYb] [H+] / |HYBH+]  ( 2 )

where HYD and HYDH+ are  th e  s p e c i e s  (a )  and (b )  r e s p e c t iv e ly .

0

2
<&)

+ 0m2 + co2

( 1 )

1 QPEDERSEN g iv e s  a v a lu e  f o r  a t  I  s  0*300 and 25 o f

2 .3 3  x  1 0 - 5 ,  and



(  A <■ > S '\ i vlrj

The carb oxy l group w i l l  be co m p le te ly  i o n i s e d ,  w ith in  the  

pH range (h-U*8) used f o r  the  c a l c u l a t io n s ;  s in c e  i t  must 

be a t  l e a s t  as s tr o n g  as in  o x a lo a c e t ic  a c id  (2*8 x 10~^),  

t h i s  g i v e s  1 % o f  u n io n ised  a c id  a t  pH h.O and I  * 0 .3 0 0 .

In  th e  p resen ce  o f  h y d ro ch lo r ic  a c id ,  we o b ta in  the

e q u a t io n s .

T o t a l  hydrate  = [hyd] + [HYUH+] = [An] + [a«H+] (3 )

T o ta l  a c id  = [hyd] + [HYDH+] + [ hCI] (U)

= [HYHH+] + [H+] + [AnH+]

From (U) [hYa>] + [HCl] * [H +J  + [AnH+] (5 )

From (1 )  and ( 3 ) [An) and (jAhH+J can he o b ta in e d ,

and hence from ( 5 ) and (3 )  [hyd] [HYDH+]

and th u s  K2 * tHYa3[H+J/[HYaH+J

P o te n t io m e tr ic  t i t r a t i o n s  u s in g  h y d ro ch lo r ic  a c id  were

c a r r ie d  out a t  I s  0 .3 0 0  and 2I4. 8 0 (comparable c o n d it io n s

to  th e  k i n e t i c  r u n s ) .  Table 9 shows a t y p i c a l  s e t  o f  v a lu e s  

f o r  Kg* hydrogen io n  a c t i v i t y  was o b ta in ed  d i r e c t l y

from th e  observed pH and converted  to  th e  hydrogen io n

c o n c e n tr a t io n  u s in g  a v a lu e  o f  f^ th e  a c t i v i t y  c o e f f i c i e n t  

o f  a u n iv a le n t  io n ,  equal to  0*713» o b ta in ed  a t  I  « 0 .3 0 0  

from th e  Davies eq u a tio n ,

-  lo g  f j  = 0 . 5  * f ( i y  1 + 1* -  0 . 2 1 )
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average v a lu e  o f  2 .21 x 10  ̂ i s  ob ta in ed  f o r  the  d i s s o c i a t i o n  

c o n sta n t  a t  I  = 0 .3 0 0 .  A s  exp ected  from sp ec tro p h o to m etr ic  

measurements t h i s  i s  a lm ost i d e n t i c a l  to  the  v a lu e  o f

2 .3 3  x  1CT5 ob ta in ed  f o r  the  d i s s o c i a t i o n  co n sta n t  o f  the  

a n i l in iu m  io n  a t  a s im i la r  ion iw  s tr e n g th .  The s l i g h t  d r i f t  

in  Kg *s  probably  due to th e  p resen ce  o f  sm all amounts o f  

im p u r i t ie s  in  th e  h yd ra te . T i t r a t i o n  w ith  sodium hydroxide  

F ig .1 6 ,  s u g g e s t s  a p u r i t y  o f  around 95 however, t h i s  may 

be due to  th e  r e l a t i v e  i n s o l u b i l i t y  o f  the  compound. The 

p o te n t io m e tr ic  t i t r a t i o n  w ith  h y d ro c h lo r ic  a c id  i s  shown in  

F i g . 17* A very  s l i g h t  i n f l e x i o n  around one e q u iv a le n t  i s  

n o ted . The p o te n t io m e tr ic  t i t r a t i o n s  were c o m p le te ly  r e p r o d u c ib le .

C o rrec t io n  o f  the  pH -rate  p r o f i l e

Major d is c r e p a n c ie s  in  the  c a lc u la t e d  r a te s  o f  d e c a r b o x y la t io n
1

were found by FEJJERSEN betw een s t r o n g ly  a c id  s o lu t io n s  and 

th o s e  c o n ta in in g  a c e t a t e  b u f f e r s .  I t  i s  exp ected  th a t  the  

d i s s o c i a t i o n  co n sta n t  o f  th e  ketim in e  hydrate o f  o x a lo a c e t i c  

a c id  w i l l  be  s im i la r  to  th e  v a lu e  o f  2.21 x 10“"-* found f o r  

i t s  h a l f  e s t e r  a t  25° and I = 0 .3 0 0 .  The r e a c t i v e  in te rm e d ia te  

i s  a lm ost c e r t a i n ly  th e  compound ( c ) .  (d )  w i l l  be much l e s s  

r e a c t i v e ,  due to  th e  absence  o f  a charge on th e  n i tr o g e n  atom.



I o n i s a t i o n  o f  the p ro ton  from ( c )  w i l l  b e g in  to  take p la c e  

around pH i* ( i* e *  a t  th e  maximum o f  th e  pH -rate  p r o f i l e )  

i f  K2 i s  2.21 x 10“5.

I f  (d )  i s  r e l a t i v e l y  i n a c t i v e ,  a c o r r e c te d  curve o f  

r a t e  vs pH can be o b ta in ed  by d iv id in g  th e  r a te  c o e f f i c i e n t s  

a t  v a r io u s  pH’ s  and 0 .1 0  M. a n i l i n e  by th e  p ercen ta ge  o f  ( c )  

p r e s e n t ,  c a lc u la t e d  from = 2.21 x 10~~*. T his i s  e q u iv a le n t  

to  c a l c u l a t in g  th e  r a te  c o n sta n ts  i f  d i s s o c i a t i o n  accord ing  

to  eq u a tio n  ( 6 )  d id  not take  p la c e .  The v a lu e s  ob ta in ed  are  

shown in  Table 10 and are  i l l u s t r a t e d  in  F ig .1 $ .

T able  10 C o r r e c t io n  o f  th e  nH -rate  p r o f i l e  f o r  i o n i s a t i o n

by ( e ) ,  ^ 0 .7 1 3  I  0 . •OO

101* k

PH 1 0 % +} 105 [h+] LHYdJ/  |HYDH+] % HYBH+ 102k % HYJH*

3 .1 0 7 9 .4 3 1 1 1 .4 0 0 .0 1 9 8 9 8 .0 2 0 .3 2 0 .7
3 .3 0 50 .12 70 .29 0 .0 3 1 4 9 7 .0 2 3 .5 2 4 .2
3 .5 0 31 .62 4 4 .3 5 0 .0 4 9 8 9 5 .3 2 9 .0 3 0 .4
3 .6 0 25 .1 2 3 5 .2 3 0 .0 6 2 7 94.1 3 1 .5 3 3 .5
3 .8 0 15 .8 5 2 2 .2 3 0 .0 9 9 4 9 1 .0 3 5 .4 3 8 .9
3 .9 5 1 1 .2 0 1 5 .7 4 0 .1 4 0 8 7 .7 3 6 .0 4 1 .0
it. 20 6.31 8 .8 5 0 .2 5 8 0 .0 3 3 .7 42.1
it.ltO 3 .9 8 5 .5 8 0 .4 0 7 1 .4 3 0 .0 4 4 .0
it. 80 1 .5 9 2 .2 3 0 .9 9 5 0 .3 2 3 .5 4 6 .7
it. 90 1 .2 6 1 .7 7 1 .2 5 4 4 .5 2 2 .2 4 9 .9
5 .3 6 0 .4 4 0 .6 2 3 .5 6 2 1 .9 1 0 .9 4 9 .8
5 .5 8 0 .2 6 0 .3 6 6 .1 4 1 4 .0 7 .0 5 0 .0



FIG 16

P o te n tio m e tr ic  t i t r a t i o n  o f  
0 .0693  gms. o f  th e  ketin iin e  
hydrate (3)# i d  50 ml. o f  
d i s t i l l e d  water u s in g  N/5 

sodium h yd rox id e.
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f iq  17

p o te n tio m e tr ic  t i t r a t i o n  o f  0 .0 6 9 5  gms. o f  th e  k etim in e  
hydrete ( 3 ) in  75 ml. o f  0 . 3 0 0  M. KC1 a t  2 k . 8° w ith  
N /5 h y d ro ch lo r ic  e c id .

Break
k . O

3 .6

3 . k

3 .2

Volume o f  N/5 HC1<

3 .0
O.S 0 .7 1.1 1 .30 .3 0 .90.1



P ig .18

C o r re c t io n  o f  the, pH—Rate p r o f i l e #
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( c )  i s  rep resen ted  by HYQH+ and (d )  by HYD. In  the  pH range
the  r a t io  Rate/% HYDH* i s  c o n s ta n t .  In  t h i s  area the

k etim in e  hydrate  should  be p r e sen t  as th e  d ia n io n  s in c e  th e

carb oxy l groups o f  the  hydrate  should  be a t  l e a s t  a s  a c id ic

as th o se  o f  o x a lo a c e t ic  a c id .  The thermodynamic i o n i s a t i o n

c o n s ta n ts  a t  25° b e in g  k  ̂ = 2*79 x  1 and kg = 4*27 x

T h is g iv e s  v a lu e s  o f  = 0 .0 8  and = 0 .9 2  a t  pH 5 .0 .  The

l i n e a r  p o r t io n  o f  the  graph c r o s s e s  th e  pH a x is  a t  around 2>

where » 0 .0 0 3  and <*L = 0 .2 8  i . e .  where i o n i s a t i o n  o f

carb oxy l group (1 )  i s  j u s t  ta k in g  p l a c e .  Thee d i s s o c ia t io n

co n sta n t  o f  th e  h a l f  e s t e r  H0oC.C0.CHo.C0„Et i s  1 .9  x  10~3cL iL
(P a rt  1 )  s im i la r  to  th e  f i r s t  d i s s o c i a t i o n  c o n sta n t  o f  

o x a lo a c e t i c  a c id  in d ic a t in g  th a t  carb oxyl group ( 2 ) i s  by  

f a r  th e  stronger*

The k i n e t i c a l l y  a c t iv e  s p e c ie s  i s  th u s alm ost c e r t a in ly  

CD), th e  com plexes o f  th e  u n d is so c ia te d  a c id  and th e  monoanion 

B b e in g  r e l a t i v e l y  s t a b le .  The f a l l  in  r e a c t i v i t y  in  a c e ta te  

b u f f e r s  i s  due to  io n is a t io n  a cco rd in g  to  e q u ilib r iu m  ( 6)»
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Enzvmatlc D eca rb o x y la t io n .

The f a c t  th a t  a number o f  0  -k e to  a c id s  are  c a t a l y t i c a l l y  

d ecarb o xy la ted  by m eta l io n  a c t iv a t e d  enzymes s u g g e s t s  th a t  

m et8l io n  and amine c a t a l y s i s  b ea r  some s i m i l a r i t y  to  

enzym atic  c a t a l y s i s .

A number o f  enzymes are known to  c a t a ly s e  th e  decarboxylation
1 - 3

o f  o x a lo a c e t ic  a c id .  In  every  case  a d iv a le n t  m etal io n  i s
A

req u ired  f o r  a c t i v i t y .  Thus IvIEHLER p a r t i a l l y  p u r i f i e d  th e  

enzyme from M. ly s o d e i k t i e u s .  The enzyme was q u i t e  i n a c t iv e  

in  the  absence  o f  m e t a l l i c  c a t i o n s ,  but was a c t iv a t e d  by  

Mn2+, Mg2+, Cd2+, Co2+ and N i2+. Mn2+ was th e  most e f f e c t i v e  

c a t io n .  Such c a t a l y s i s  appears to  in v o lv e  an e q u il ib r iu m  o f  

th e  ty p e ,

2 +  -wP r o te in  >+ M '■*==“ Enzyme

I t  I s  i n t e r e s t i n g  to  note  th a t  no m etal io n  a c t i v a t i o n  i s  

req u ired  f o r  th e  enzym atic d e c a r b o x y la t io n  o f  a c e t o a c e t i c

a c id .  The d e c a r b o x y la t io n  o f  t h i s  a c id  i s  not c a ta ly s e d  by
6 1 m eta l i o n s ,  but i s  by am ines. T h is  s u g g e s ts  th a t  the  fundam ental

c a t a l y t i c  a c t i v i t y  o f  th e  enzyme i s  su p p lie d  by th e  m etal io n ,

which i s  bound to  b o th  the  p r o t e in  and to  th e  s u b s t r a t e .

The u s u s l  e x p r e ss io n  f o r  an enzym atic r e a c t io n  i s

E + 3 ^  ES EP -> E  + P

where E, I s  the  enzyme, S  the  s u b s tr a te  and P th e  p r o d u cts .

In  the l a s t  s t e p  the enzyme must r e l e a s e  the  products  and so



cannot "bind th e  s u b s tr a te  too  f i r m ly ,  s in c e  i t  would a l s o  

b in d  th e  p ro d u ct ,  and th e  r e a c t io n  would s low  down.

The tremendous r e a c t i v i t y  o f  the  a n i l i n e  ketim in e  o f  

o x a lo a c e t i c  a c id  s u g g e s t s  th a t  a f r e e  amino group o f  the  

p r o t e in  condenses w ith  th e  carbonyl o f  th e  keto  a c id ,  th e  

m etal io n  b in d in g  th e  p r o t e in  and th e  s u b s tr a te  as in  e i t h e r  

( a )  or  ( b ) .

0*

/
z gh2 \c d o

0

:0

o'

o
Wc
/

n ' GHc * c '
0*

M>
Up? > / / / / / / ' /
/
£ CAft&03OfLAS6

O
H+n757777777777

/  CARCOA'XLASl?
/  POOTElN (b)/  PCctŝ m (a)

I n  s t r u c t u r e  (a )  th e  m eta l io n  would a c t  p r im a r i ly  to  b r in g

th e  s u b s t r a t e  and th e  amino group o f  the p r o t e in  in t o  the

c o r r e c t  s te r e o c h e m ic a l  c o n f ig u r a t io n .  In  s tr u c tu r e  (b )  which  
e

would b e  i n t e n s l y  r e a c t i v e ,  the  m etal io n  would a l s o  a c t  as  
A

a c a t a l y s t  by withdrawing e le c t r o n s  from th e  r e a c t io n  c e n tr e .

The m etal io n  may o f  course  be  in v o lv ed  in  b o th  f u n c t io n s .
%

R e c e n t ly  EICHHORIm and TRACHTENBERG have found th a t  

k e t im in es  are  e a s i l y  h yd ro lysed  i f  made p a rt  o f  a c h e la te  

r in g  as in  eq u a tion  ( i ) .

CEL— CH.. .y  d d \ ' ¥
x  nN«CHCP  ̂20CHO + NH2 . (C H 2 ),

T h is in d ic a t e s  th a t  th e  metal io n  may a l s o  p la y  a r o le  in



removing th e  p r o t e in  from the  s u b s tr a te  a f t e r  d e c a rb o x y la t io n

has taken  p la c e  by c a t a ly s in g  the  h y d r o ly s is  o f  the  k e t im in e

bond • T h is  would then  a l lo w  the  r e a c t io n  to  continue*

PFEIFFER s tu d ie d  the  copper and n ic k e l  c h e la t e s  o f

k e t im in es  formed from s a l ic y la ld e h y d e  and e s t e r s  o f  o p t i c a l l y

a c t i v e  -amino a c id s ,  which were shown to  undergo rapid

r a c e m isa t io n  arid o x id a t iv e  deam ination .

The r a c e m isa t io n  and deam ination  are  understandable  in

terms o f  th e  p r o to tr o p ic  tautonierism o f  th e s e  k e tim in e  system s

H H 0 H H 0
i i ii b a se  \ I U

S — 0 =  N ~G ~ 0 -  OR* - — ̂  R — C -N =  C - C -O R '  
i " I
H H

h y d r o ly s is  o f  th e  new tautomer w i l l  now lead  to  tra n sam in ation ,

fi H 0 . H
i i M H  i

f i - C - H = 0 ~ 0 - 0 R '  + H20   >  R - C - M H ,  + 0=CH.C00R

H H

Both th e  tautomerism  and the  h y d r o ly s is  w i l l  be  c a ta ly s e d  by
lo

m eta l ions* SHELL e t  aL have shown how m etal io n s  and k e tim in es  

may be  in v o lv ed  in  th e  p y r id o x a l  (v ita m in  B^) c a ta ly s e d  

d e c a r b o x y la t io n  and tran sam in ation  o f  ^-am ino a c id s .  EICHHORN

and DAWES ^ and RCTHBERG and STEINBERG have g iv e n  confirm atory  

e v id en ce  as to  th e  mechanism. The tran sam in ation  o f  g lu ta r x c  

a c id  i s  i l l u s t r a t e d  in  F i g . 1 .



Ho
CHxNH-j

CĤOH

13
LAN01HBBCK c a r r ie d  out e x te n s iv e  s t u d ie s  on c a rb o x y la se  models

and found t h a t  in  non-aqueous media a number o f  amines were 

a h le  to  c a t a ly s e  th e  d e c a r b o x y la t io n  o f ^ - k e t o  a c id s*  He 

proposed th e  f o l lo w in g  scheme to  e x p la in  the  mechanism o f  

a c t io n  o f  th e  amines*

X~NH2  + R -C O .C O gH  ---------------------------------------------------------

c o 2 4 R-C.CO.~Hn *
X-N

R-CH-N-X
+ r- co. co2h

n, R.CHO



He p r e d ic te d  th a t  when the  p r o s t h e t i c  group o f  ca rb ox y lase  

were known i t  would be  found to be  an amine. H is p r e d ic t io n  

was f u l f i l l e d  when d ip hosphoth iam ine, which p o s s e s s e s  a 

primary amino group was i s o l a t e d .

In  r e c e n t  y ea rs  a g r e a t  d e a l  o f  e f f o r t  has been  d ir e c te d  

to  d i s c o v e r in g  the  mechanism o f  th e  enzym atic d e c a r b o x y la t io n  

o f  p yru v ic  a c id .  Thiamine (1 a ) in  th e  form o f  i t s  pyrophosphate  

c o ca rb o x y la se  (1 b )  i s  th e  coenzyme f o r  a number o f  important 

b io c h e m ic a l  r e a c t i o n s ,  in c lu d in g  th e  d e c a r b o x y la t io n  o f  

p y ru v ic  a c id  to  a c e ta ld e h y d e .

S e v e r a l  s u g g e s t io n s  as  to  th e  p o s s i b l e  r o le  o f  th iam ine  in  

f a c i l i t a t i n g  th e s e  r e a c t io n s  have been  made. The e s r l y

p r o p o sa ls  o f  MNGEHBECK based on model system s u s in g  s im ple  

primary amine c a t a l y s t s  would in v o lv e  con d en sation  o f  th e  

amino group o f  th iam ine w ith  th e  carbonyl o f  th e  keto  a c id  

to  form a k e tim in e  ( 2 ) ,

nh-2 ( 1a )  R s  H

(1b)  R a P (0)0P (0)0H  

OH OH

I3

C H y-C .C O gH

N

CH-.CH
3 h
N

th e  l a t t e r  compound h y d ro ly s in g  to  th e  f r e e  a c id  and



r e g e n e r a t in g  thiam ine* However th iam ine f a i l s  to  r e a c t  under 

c o n d it io n s  where o th e r  primary amines are a c t i v e .  Much ev id en ce  

has accumulated to  show th a t  the  amino group o f  d iphosphoth iam ii  

i s  very  u n r e a c t iv e .  Thus STERH and MSLNICK found th a t  i t  could  

not he  a c e t y la t e d  w ith  k e ten e  and r ea c te d  o n ly  v e r y  s l u g g i s h l y  

w ith  n i tr o u s  a c id .  Presumably t h i s  i s  due to  resonance  

c o n t r ib u t io n s ,
-  +

N

m

and th e  amino group would not be expected  to  form a k e t im in e

d i r e c t l y .  A minor o b j e c t io n  to  th e  LANGENBECK p ro p o sa l i s

th a t  i t  s u g g e s t s  no r o le  f o r  th e  t h i a z o le  r in g  o f  th iam ine

which i s  perhaps th e  most unusual f e a t u r e  o f  th e  m o lec u le .
<5

VALEHTA and WIESKSR su g g es ted  th a t  th iam ine forms a
i-j

k etim in e  w ith  p yru v ic  a c id  as  i n  LAMIEHBECK̂ -S scheme and th a t  

t h i s  ta u to m e r ise s  v ia  an y l i d  o f  type  (3 )*

CH,.C.C0oH
3 ii 2

N
GH

-------S '
CH.

( 3 )

T h is  mechanism a l s o  in v o lv e s  co n d en sa tion  o f  an u n r e a c t iv e

amino group o f  th iam in e , but does su g g es t  a r o le  f o r  the  

t h i a z o le  p o r t io n  o f  th e  m olecu le  in  h e lp in g  to  s t a b i l i s e  the



y l id #  Moreover a very  s im i la r  type o f  tautomerism i s  l i k e l y  

f o r  many o f  LAriGENBECK’-S c a t a l y s t s ,  such  as the  3-amino 

o x in d o le s ,  a lth ou gh  tautomerism cannot e x p la in  a l l  o f  h i s  

c a s e s  (e .g #  c a t a l y s i s  hy a n i l i n e ) #
lb

BSE-SLOW f i r s t  made th e  r a th er  amazing o b se r v a t io n  

th a t  th e  hjrdrogen atom in  the 2 p o s i t i o n  o f  the  t h i a z o le  

r in g  could i o n i s e ;  t h i s  was dem onstrated by deuterium  exchange
17 Km

and has s in c e  been  confirmed by WESTHEIMER# BEESLOW advanced 

th e  mechanism in  F ig # 2 f o r  th e  th iam ine  c a ta ly s e d  d e c a r b o x y la t io n  

o f  p yru v ic  acid#

F ig# 2

NH-j
CH

Ct+3 Cl+aCH2C>H
+ ̂ = f  

2 ~ “ I
S

( h )

CH-j
n»2 \ 3

ch5 C .̂C.OH
+  C o

nh2

N

n h 2

i v . C14

N"

/ VCU3 N
|i

CW3 CHhCu OH 
^  \  /  2

CHjCC.Cô H

CH3 cŵ Ĉ OH

r - s
cw3 c.cV

OH

C>̂  / c h 3lc h 2,o h  
+ / — I

C H x  N v I .
S — > CH) -4- cw3 :cuo
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WESTHEIMER, FRY and INGRAM have d isproved  th e  p o s s i b i l i t y  o f



<1 1 3 ;

th e  y l i d  ( 3 ) occu r in g  in  model system s in v o lv in g  th iam in e .
is

R e ce n t ly  DE TAR and WESTHEIMER have s tu d ie d  the  enzymatic  

d e c a r b o x y la t io n  o f  pyruvate  by y e a s t  c a rb o x y la se  in  the  

p r e sen ce  o f  t r i t i a t e d  water,and found th a t  BRE*SLOV& 

mechanism f o r  the model th iam ine c a ta ly s e d  d e c a rb o x y la t io n  

a l s o  appears to  occur in  the  enzym atic r e a c t io n .

These examples show th e  importance o f  model system s  

in  th e  stu d y  o f  enzym atic c a t a l y s i s ,  however, as in  th e  case  

o f  p yru v ic  a c id ,  care  must be e x e r c i s e d  in  a p p ly in g  the  

r e s u l t s  ob ta in ed  from model system s to  th e  enzym atic r e a c t io n .

'dv £
'•.V
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