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ELECTROCHEMI CAL AND ENZYMATI C OXI DATI ON OF TRYPTOPHAN 

AND 7 - METHYLURI C ACID

AND

SPECTROELECTROCHEMI CAL SEARCH FOR A TERTI ARY ALCOHOL 

I NTERMEDI ATE IN THE ELECTROCHEMI CAL OXI DATI ON

OF URIC ACID

PART I

ELECTROCHEMI CAL AND ENZYMATIC OXI DATI ON OF TRYPTOPHAN

CHAPTER 1 

I NTRODUCTI ON

B e n z o p y r r o l e ,  commonl y  known as " i n d o l e " ,  i s  a n i t r o g e n  

h e t e r o c y c l e  i n  w h i c h  a b e n z e n e  r i n g  i s  f u s e d  t o  t h e  2 -  and

H

3-  p o s i t i o n s  o f  t h e  p y r r o l e  r i n g .  T h e  n u m b e r i n g  o f  t h e  

a t o m s  i n  t h e  i n d o l e  s t a r t s  w i t h  t h e  n i t r o g e n  a t o m  n e x t  t o



t h e  r i n g  j u n c t i o n  i n  t h e  p y r r o l e  r i n g  and c o n t i n u e s  a r o u n d  

t h e  n u c l e u s  as shown abo v e ^ .

The  i n t e n s i v e  r e s e a r c h  on t h e  dye " i n d i g o "  i n  t h e  m i d 

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

t r y .  I n d o l e  c h e m i s t r y  c o n t i n u e d  t o  p r o g r e s s  u n t i l  n e w e r  

d y e s  r e p l a c e d  t h e  i n d o l e s  i n  t h e  e a r l y  t w e n t i e t h  c e n t u r y  

A f t e r  a b r i e f  d e c l i n e ,  t h e  d i s c o v e r y  o f  a l k a l o i d s  ( c o n t a i n 

i n g  t h e  i n d o l e  n u c l e u s ) ,  t h e  r e c o g n i t i o n  o f  t r y p t o p h a n  as an 

e s s e n t i a l  ami no  a c i d ^ ,  and i n d o l e - 3 - a c e t i c  a c i d  as t h e  p l a n t  

g r o w t h  h o r m o n e ^  i n  t h e  1 9 3 0 ' s i n c r e a s e d  t h e  i m p o r t a n c e  o f  

i n d o l e  c h e m i s t r y .  S i n c e  t h e n  i t  has b e c o m e  an i n t r i g u i n g  

r e s e a r c h  a r e a  f o r  c h e m i s t s  and b i o c h e m i s t s .  I n more r e c e n t  

y e a r s  i n d o l e s  have a c h i e v e d  i n c r e a s e d  s i g n i f i c a n c e  i n m e d i 

c i n a l  c h e m i s t r y .  S e r o t o n i n  ( 5 - h y d r o x y t r y p t a m i n e )  has b e e n  

i d e n t i f i e d  as an i m p o r t a n t  m e t a b o l i t e  i n  b r a i n  c h e m i s t r y .  

S e v e r a l  i n d o l e s  such as 5 , 6 - d i h y d r o x y t r y p t a m i n e ,  5 , 7 - d i h y 

d r o x y  t r y  p t a m i  ne have been f o u n d  t o  be n e u r o t o x i n s ^ ' l O .  Se 

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

c h r o m e s ^ Z  a r e  i n d o l e  d e r i v a t i v e s .  I n d o l e  d e r i v a t i v e s  a r e  

f o u n d  i n  many n a t u r a l  p r o d u c t s .  I n d o l e  i t s e l f  has be e n  

o b t a i n e d  f r o m  many n a t u r a l l y  o c c u r r i n g  m a t e r i a l s  by decompo

s i n g  i t s  d e r i v a t i v e s ^ ^ .  I n d o l e  h a s  b e e n  f o u n d  i n t h e  

j a s m i n e s ^ ^ ,  c e r t a i n  c i t r u s  p l a n t s ^ ^ ,  i n o r a n g e  b l os soms ^®,  

i n  t h e  wo o d  o f  C e l t i s  r e t i c u l o s a ^ ^ ,  i n  c o a l  t a r ^ ® ,  and i n  

m o l a s s e s  t a r ^ ^ .

I n d o l e s  a r e  n i t r o g e n  h e t e r o c y c l i c  compounds h a v i n g  10



d e l o c a l i z e d  ( 71 )  e l e c t r o n s .  The s e  compounds a r e  good c a n d i 

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

t i o n s  b e c a u s e  o f  t h e  p r e s e n c e  o f  t h e  d e l o c a l i z e d  ( 7T)  e l e c 

t r o n s .  E l e c t r o c h e m i c a l  s t u d i e s  can be used t o  d e t e r m i n e  t h e  

number  o f  e l e c t r o n s  i n v o l v e d  i n t h e  e l e c t r o n  t r a n s f e r  s t e p ,  

t o  d e t e c t  i n t e r m e d i a t e s  f o r m e d  d u r i n g  or  a f t e r  t h e  e l e c t r o n  

t r a n s f e r  r e a c t i o n ,  k i n e t i c  d a t a  f o r  t h e  f o r m a t i o n  and t h e  

d e c a y  o f  t h e  i n t e r m e d i a t e s  and much m o r e  u s e f u l  i n f o r m a -  

t i  o n ^ O ' Z l .

A number  o f  i n d o l e  compounds p o sse ss  f u n d a m e n t a l  b i o l o 

g i c a l  i m p o r t a n c e  i n  b o t h  t h e  a n i m a l  and p l a n t  k i n g d o m s .  

Much o f  t h e  c h e m i s t r y  o f  i n d o l e s  i n  b i o l o g i c a l  s y s t e m  

i n v o l v e s  r a t h e r  c o mp l e x  o x i d a t i o n  r e a c t i o n s .  T r y p t o p h a n ,  a 

n a t u r a l l y  o c c u r r i n g  and b i o l o g i c a l l y  i m p o r t a n t  i n d o l e ,  u n 

d e r g o e s  a w i d e  r a n g e  o f  o x i d a t i v e  b i o l o g i c a l  t r a n s f o r m a 

t i o n s .  I n  g e n e r a l ,  t h e s e  r e a c t i o n s  a r e  n o t  w e l l  u n d e r s t o o d  

i n  t e r m s  o f  mec han i s ms  or  eve n t h e  p r o d u c t s  f o r m e d .

T r y p t o p h a n  ( T PP)  was  f i r s t  d e t e c t e d  i n  a p r o t e i n  and  

n a me d  i n  1 8 9 0 ^ ^ ;  h o w e v e r ,  i t  was  f i r s t  i s o l a t e d  i n  1 9 0 1 ^ ^ .  

L - T r y p t o p h a n  i s  one o f  t h e  e s s e n t i a l  a m i n o  a c i d s ^ ^ ,  and  

n o r m a l  g r o w t h  i s  i m p o s s i b l e  on d i e t s  d e f i c i e n t  i n  i t .  

N e v e r t h e l e s s ,  i t  may be r e p l a c e d  by i t s  D - i s o m e r ,  as w e l l  as 

a number  o f  d e r i v a t i v e s  and r e l a t e d  p r o d u c t s ^ ^ .

H y d r o x y l a t i o n  o f  t r y p t o p h a n  f o l l o w e d  by d e c a r b o x y l a t i o n  

g i v e s  s e r o t o n i n  ( 5 - h y d r o x y t r y p t a m i n e ) .  D e f e c t s  i n  t r y p t o 



p han  m e t a b o l i s m  and t h e  r e s u l t i n g  d i s r u p t i o n  i n  s e r o t o n i n  

l e v e l s  m i g h t  be t h e  cause  o f  c e r t a i n  m e n t a l  d i s o r d e r s ^ ® .

T he  m e t a b o l i s m  o f  t r y p t o p h a n  has b e e n  s t u d i e d  q u i t e  

e x t e n s i v e l y 2 7 " 3 0  and a n umber  o f  g e n e r a l i z e d  scheme s  f o r  t h e  

m e t a b o l i c  i n t e r  c o n v e r s i o n s  o f  t r y p t o p h a n  a nd  r e l a t e d  s u b 

s t a n c e s  h a v e  been p r o p o s e d  by M a s o n ^ l .

I n 1 9 3 6 ,  K o t a k e  and Masaya ma  d e s c r i b e d  t h e  c o n v e r s i o n  

o f  L - T P P  t o  L - k y n u r e n i n e  j_n v i t r o  by c r u d e  e x t r a c t s  o f  

r a b b i t  l i v e r  and named t h e  enz yme  i n v o l v e d  i n  t h e  c l e a v a g e  

o f  t h e  p y r r o l e  r i n g  o f  TPP as "TPP p y r r o l a s e " ^ ^ .

A c c o r d i n g  t o  Knox and c o w o r k e r s ,  t w o  e n z y m e s  a r e  i n 

v o l v e d  i n  t h e  o x i d a t i o n  o f  L - T P P  t o  L - k y n u r e n i n e ^ ^ .  T he  

f i r s t ,  L - t r y p t o p h a n  p y r r o l a s e ,  a l s o  k n o wn  as L - t r y p t o p h a n  

o x y g e n a s e  or  t r y p t o p h a n - 2 , 3 - d i o x y g e n a s e ,  c a t a l y z e s  t h e  c o n 

v e r s i o n  o f  L - TPP t o  f o r m y l k y n u r e n i n e  and t h e  s econd  enzyme  

c a t a l y z e s  t h e  h y d r o l y s i s  o f  t h e  l a t t e r  t o  L - k y n u r e n i n e  and 

f o r m i c  a c i d  ( F i g .  1 ) ,  T h e  k y n u r e n i n e  p a t h w a y ^ Z ' ^ S  r e p r e 

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

a c i d  and h e n c e  t h e  p y r i d i n e  n u c l e o t i d e s ^ ® " ^ ^ .  Much work has 

been c a r r i e d  o u t  t o  i d e n t i f y  t h e  p o s s i b l e  c h e m i c a l  i n t e r m e 

d i a t e s  i n  t h e  c o n v e r s i o n  o f  TPP t o  f o r m y l k y n u r e n i n e ^ O ' ^ l .

K o t a k e  and c o w o r k e r s ^ Z  o r i g i n a l l y  s u g g e s t e d  t h a t  o x i n -  

d o l y l a l a n i n e  ( 2 ,  F i g . 2 )  i s  t h e  f i r s t  c h e m i c a l l y  d i s t i n c t  

i n d o l e  i n t e r m e d i a t e  f o r m e d  up o n  o x i d a t i o n  o f  L - t r y p t o p h a n  

w i t h  T P P - 2 , 3 - d i o x y g e n a s e  a n d  O2 . A c c o r d i n g  t o  J u l i a n  e_t
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F i g .  2 R e a c t i o n  scheme o f  t h e  e n z y m a t i c  c o n v e r s i o n  o f  t r y p -  
t o p h a n  t o  f o r m y l k y n u r e n i n e  p r o p o s e d  by J u l i a n  e t  
a 1.  ^



t h e  r e a c t i o n  c o u l d  p r o c e e d  v i a  d i o x i n d o l y l  a l a n i n e  ( 3 ,  

F i g .  2 ) .  T h e n ,  a h y d r o l y z i n g  e n z y me  m i g h t  c o n v e r t  d i o x i n -  

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

w h i c h  w o u l d  y i e l d  f o r m y l k y n u r e n i n e  ( 5 ,  F i g . 2 )  by l o s i n g  

w a t e r .  H o w e v e r ,  o x i n d o l y l a l a n i n e  i s shown t o  be an u n l i k e l y  

i n t e r m e d i a t e  be t we e n  TPP and f o r m y l k y n u r e n i n e  because  i t  i s  

m e t a b o l i z e d  d i f f e r e n t l y  t h a n  T P P ^ ^ ' ^ ^ .

Knox and M e h l e r 3 3 , 4 6  have  s u g g e s t e d  t h a t  p e r o x i d e  c o u l d  

add t o  L - T PP t o  g i v e  2 , 3 - d i h y d r o - 2 , 3 - d i h y d r o x y t r y p t o p h a n  ( 6 )  

w h i c h  upon d e h y d r o g e n a t i o n  and r i n g  o p e n i n g  c o u l d  g i v e  f o r 

m y l k y n u r e n i n e  ( F i g .  3 ) .  H o w e v e r ,  t h e r e  has  b e e n  no d i r e c t
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H2 O2
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F i g .  3 R e a c t i o n  s c h e m e  o f  t h e  c o n v e r s i o n  o f  t r y p t o p h ^  Lo 
f o r m y l k y n u r e n i n e  p r o p os e d  by Knox and M e h l  e r ‘^ ' ^ » 4 o _

e v i d e n c e  o f  t h i s  scheme.  A h y d r o p e r o x i d e  ( 7 )  i n t e r m e d i a t e  

has be en  s u g g e s t e d  by W i t k o p  and c o w o r k e r s ^ ^ * ^ ^ .
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Na k a g a wa  ^  have  pr opose d t h a t  t h e  d y e - s e n s i 

t i z e d  p h o t o o x i d a t i o n  o f  TPP i n v o l v e s  i n i t i a l  f o r m a t i o n  o f  a 

3 - h y d r o p e r o x y  ( I I )  i n t e r m e d i a t e  wh i c h  u n d e r g o e s  f a c i l e  i n 

t r a m o l e c u l a r  a d d i t i o n  t o  f o r m  3 a - h y d r o p e r o x y h e x a h y d r o - p y r -  

r o l e i n d o l e  ( I I I )  w h i c h  r e a r r a n g e s  t o  f o r m y l k y n u r e n i n e  ( I V )  

on w a r m i n g  ( F i g .  4 ) .  They  b e l i e v e  t h a t  t h i s  scheme ( F i g .  4)  

e s t a b l i s h e s  and c h a r a c t e r i z e s  i n t e r m e d i a t e s  wh i c h  p r o v i d e  a 

r a t i o n a l  p a t h w a y  f o r  t h e  T P P - 2 , 3 - d i o x y g e n a s e  c a t a l y z e d  o x i -
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F i g .  4 R e a c t i o n  scheme p r o p o s e d  f o r  t h e  r o s e  b e n g a l - s e n s i 
t i z e d  p h o t o o x i d a t i o n  o f  t r y p t o p h a n  t o  f o r m y l k y n u r e n i n e ,



d a t i o n  o f  T P P ^ ® .  H o w e v e r ,  t h i s  has n o t  b e e n  d e f i n i t i v e l y  

shown t o  be f o l l o w e d  i n t h e  b i o c h e m i c a l  p r o c e s s .

A p a r t  f r o m  k y n u r e n i n e  and i t s  p r e c u r s o r  f o r m y l k y n u r e 

n i n e ,  t h e r e  a r e  a l a r g e  n u m b e r  o f  o t h e r  k n o wn  o r  s u s p e c t e d  

o x i d a t i v e  m e t a b o l i t e s  o f  T P p 2 8 | 3 0 * 3 1 * 5 8 , 5 9 ^  %n a d d i t i o n ,

new e n z y mes  c o n t i n u e  t o  be d i s c o v e r e d  wh i c h  c a t a l y z e  o t h e r  

o x i d a t i o n  r e a c t i o n s  o f  TPP.  F o r  e x a m p l e ,  a g r o u p  o f  p y r 

r o l  o o x y g e n a s e s  f r o m  w h e a t  g e r m  and r a t  l i v e r  o x i d i z e  t h e  

p y r r o l e  r i n g  o f  D-  and L- TPP and o t h e r  i n d o l e s  g i v i n g  k y n u 

r e n i n e ,  f o r m y l k y n u r e n i n e  and o x i n d o l y l a l a n i n e  as p r o d u c t s ^ ^ .  

T a k a i  e_t r e c e n t l y  f o u n d  an e n z y m e  t h a t  c a t a l y z e s

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

i n d o l e  d e r i v a t i v e s .  I n  t h e  c a s e  o f  L - T P P  t h e  p r i m a r y  p r o 

d u c t  o f  t h e  r e a c t i o n  a p p e a r e d  t o  be 3 - i n d o l y l g l y o x a l  ( 8 ) .

0

H

8

S i m i l a r l y ,  Noda  e_t h a v e  i s o l a t e d  a c r y s t a l l i n e  h e me -

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

t h e  s i d e  c h a i n  o f  TPP c o n t a i n i n g  p e p t i d e s  f o r m i n g  an o C , -  

d e h y d r o t r y p t o p h a n  p r o d u c t .  The mechani sms o f  t h e s e  v a r i o u s  

o x i d a t i v e  p r o c e s s e s  a r e  not  known i n any d e t a i l .

C h e m i c a l  o x i d a t i o n s  o f  TPP h a v e  b e e n  s t u d i e d  q u i t e



10

e x t e n s i v e l y 64^ H o w e v e r ,  b e c a u s e  o f  t h e  b e w i l d e r i n g

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

v e r y  d i f f i c u l t  t o  o b t a i n  f u n d a m e n t a l  i n f o r m a t i o n  about  t h e  

r e d o x  c h e m i s t r y  o f  TPP o r  r e a l  i n s i g h t s  i n t o  b i o l o g i c a l  

o x i d a t i o n  r e a c t i o n s .

V e r y  l i t t l e  i n f o r m a t i o n  on t h e  e l e c t r o c h e m i s t r y  o f  TPP 

i s  p r e s e n t e d  i n t h e  c h e m i c a l  l i t e r a t u r e .  Takayama®^ f ound  

t h a t  t r y p t o p h a n  c o u l d  be e l e c t r o o x i d i z e d  g i v i n g  o n l y  ammoni a  

and CO2  as i d e n t i f i e d  p r o d u c t s .  Ho we v e r ,  t h e s e  e x p e r i m e n t s  

w e r e  c a r r i e d  out  under  e s s e n t i a l l y  u n c o n t r o l l e d  c o n d i t i o n s .  

R e c e n t l y ,  B r a b e c  and M o r n s t e i n  h a v e  s h o w n  t h a t  TPP i s  

e l e c t r o c h e m i c a l l y  o x i d i z e d  a t  a g r a p h i t e  e l e c t r o d e .  A 2 ê  

e l e c t r o o x i d a t i o n  r e a c t i o n  was  p r o p o s e d  g i v i n g  an u n s t a b l e  

and u n i d e n t i f i e d  i n t e r m e d i a t e  wh i ch  r e a c t e d  t o  g i v e  u n i d e n 

t i f i e d  p r o d u c t s .  M a l f o y  and R e y n a u d ®^  h a v e  a l s o  r e p o r t e d  

t h a t  T PP i s  e l e c t r o c h e m i c a l l y  o x i d i z e d  a t  g o l d  and c a r b o n  

e l e c t r o d e s  i n a 2 ê  r e a c t i o n  t o  g i v e  o x i n d o l y l a l a n i n e .  How

e v e r ,  no r e p o r t  i s  p r e s e n t e d  e i t h e r  on t h e  m e c h a n i s t i c  

d e t a i l s  or  t h e  i n t e r m e d i a t e s .

T h e  s p e c i f i c  a i m  and s c o p e  o f  t h i s  w o r k  i n v o l v e d  t h e  

use o f  e l e c t r o c h e m i c a l  t e c h n i q u e s  such as l i n e a r  sweep v o l -  

t a m m e t r y  ( LSV) ,  c y c l i c  v o l t a m m e t r y  ( CV) ,  c o n t r o l l e d  p o t e n 

t i a l  c o u l o m e t r y  and t h i n - l a y e r  s p e c t r o e 1 e c t r o c h e m i s t r y  t o  

i n v e s t i g a t e  t h e  o x i d a t i o n  c h e m i s t r y  of  t r y p t o p h a n .  For  com

p a r a t i v e  p u r p o s e s  v a r i o u s  e n z y m a t i c  o x i d a t i o n  r e a c t i o n s  we r e  

a l s o  s t u d i e d .  The m a j o r  p r o d u c t s  o b t a i n e d  f r o m e l e c t r o c h e -
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m i c a !  and e n z y m a t i c  o x i d a t i o n  we r e  s e p a r a t e d  by l i q u i d  c h r o 

m a t o g r a p h y  ( LC)  and h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  

( HPLC) .  S u b s e q u e n t l y ,  t h e  s e p a r a t e d  p r o d u c t s  w e r e  c h a r a c t e 

r i z e d  by m e l t i n g  p o i n t ,  e l e c t r o n i c  s p e c t r a ,  ma s s  s p e c t r a ,  

gas c h r o m a t o g r a p h y  ( GC) ,  and gas c h r o m a t o g r a p h y - m a s s  s p e c t 

r o m e t r y  ( GC- MS) .  A s y s t e m a t i c  scheme f o r  u n d e r s t a n d i n g  t h e  

e l e c t r o o x i d a t i o n  c h e m i s t r y  o f  TPP has been d e v e l o p e d  wh i c h  

h e l p s  t o  u n d e r s t a n d  t h e  b i o c h e m i c a l  ( e n z y m a t i c )  o x i d a t i o n  o f  

t h i s  compound.



CHAPTER 2 

EXPERI MENTAL

2 .  A. C H E MI C A L S

L - t r y p t o p h a n ,  L - k y n u r e n i n e ,  and m e r c a p t o e t h a n o l  w e r e  

o b t a i n e d  f r o m  S i g m a  ( S t .  L o u i s ,  MO) and  w e r e  u s e d  w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .  T h r e e  i s o p e r o x i d a s e s  i s o l a t e d  f r o m  

h o r s e r a d i s h  (EC 1 . 1 1 . 1 . 7 )  w e r e  u s e d :  p e r o x i d a s e  t y p e  VI  (R^ 

' ^ 3 . 0 ,  p r o b a b l y  c o n s i s t i n g  o f  t w o  b a s i c  i s o e n z y m e s ) ,  p e r o x i 

dase  t y p e  V I I I  (R^ 3 . 0 ,  a c i d i c  i s o e n z y m e ) ,  and p e r o x i d a s e

t y p e  I X  ( R^ 3 . 2 ,  b a s i c  i s o e n z y m e ) .  Ch 1 o r o p e r o x i d a s e  (EC

1 . 1 1 . 1 . 1 0 )  i s o l a t e d  f r o m C a l d a r i o m y c e s  f u ma q o  was a l s o  used.  

A l l  e n z y m e s  w e r e  o b t a i n e d  f r o m  S i g m a  ( S t .  L o u i s ,  MO) .  E n 

z y m e s  w e r e  s t o r e d  a t  - 5 ° C  wh e n  n o t  i n  u s e .  N - F o r m y l - L -  

k y n u r e n i n e  ( r i n g  m o n o f o r m y l )  was o b t a i n e d  f r o m  C a l b i o c h e m -  

B e h r i n g  ( L a  J o l l a ,  CA) .  N , 0 - B i s ( T r i  m e t h y l  s i l y l )  a c e t a -  

mi de ( B S A ) , N , 0 - B i s ( T r i  m e t h y l s i l y l )  t r i f l u o r o a c e t a m i d e  

( BSTFA) ,  and N - M e t h y l - N - ( t e r t b u t y l d i m e t h y l  s i  l y l )  t r i f l u o r o 

a c e t a m i d e  ( MTBSTFA)  w e r e  o b t a i n e d  f r o m P i e r c e  C h e mi c a l  Co. ,  

( R o c k f o r d ,  I L ) .  D e u t e r a t e d  BSA ( B S A - d g )  wa s  o b t a i n e d  f r o m  

M e r c k  ( S t .  L o u i s ,  MO) .  S i l y l a t  i o n  g r a d e  p y r i d i n e ,  N , N -

12
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d i m e t h y l f o r m a m i d e  (DMF) and a c e t o n i t r i l e  we r e  o b t a i n e d  f r o m  

S u p e l c o  ( H o u s t o n ,  TX) .

P h o s p h a t e  b u f f e r s  w e r e  p r e p a r e d  as d e s c r i b e d  by  

C h r i s t i a n  and  Pu r d y ®® and had  an i o n i c  s t r e n g t h  o f  0 . 5  M,  

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

S y n t h e s i s  :

T r i c y c l i c  p y r r o l o i n d o l e  ( 2 - c a r b o x y - 3 a - h y d r o x y -  

1 , 2 , 3 , 3 a , 8 , 8 a - h e x a h y d r o p y r r o l 0 - ( 2 , 3 b ) - i n d o l e )  was  s y n t h e 

s i z e d  by t h e  met hod o f  S a v i g e ® ® ,  w i t h  s l i g h t  m o d i f i c a t i o n .  

T r y p t o p h a n  ( 0 . 0 5  m o l )  wa s  m i x e d  w i t h  2 . 7 5  p e r o x y a c e t i c  

a c i d ® ® ' 7 0  ( 0 . 0 5  m o l )  and  k e p t  a t  0 - 5 ° C .  A f t e r  c_a. 18 h r s ,  

t h e  r e s u l t i n g  d e e p  y e l l o w  s o l u t i o n  was f r e e z e - d r i e d .  T he  

r e s u l t i n g  s o l i d  was r e d i s s o l v e d  i n  w a t e r  ( 1 6 0  m l ) .  10 ml  

a l i q u o t s  w e r e  i n j e c t e d  o n t o  a col umn o f  Sep h a de x  G- 10  (90 x 

2 . 5  cm)  u s i n g  w a t e r  as t h e  e l u e n t  ( 3 4  m l h “ ^ ) .  The  e l u e n t  

was m o n i t o r e d  a t  2 9 0  nm and  4 ml  f r a c t i o n s  w e r e  c o l l e c t e d  

u s i n g  a f r a c t i o n  c o l l e c t o r .  The f r a c t i o n s  w h i c h  e x h i b i t e d  

U. V.  a b s o r p t i o n  b a n d s  a t  X  = 2 0 3 ,  2 3 5 ,  a n d  2 9 0  nm w e r e  

c o l l e c t e d  t o g e t h e r  and f r e e z e - d r i e d .  The c r u d e  p r o d u c t  was 

f u r t h e r  p u r i f i e d  by r e i n j e c t i n g  ont o  t h e  same col umn 3 t o  4 

a d d i t i o n a l  t i m e s .  The  t o t a l  y i e l d  o f  t r i c y c l i c  p y r r o l o 

i n d o l e  was 15% ( 0 . 0 0 7 5  m o l ) .

O x i n d o l y l a l a n i n e  was  s y n t h e s i z e d  by t h e  m e t h o d  o f  

S a v i g e  and F o n t a n a ^ l .  D i o x i n d o l y l a l a n i n e  was s y n t h e s i z e d  as 

d e s c r i b e d  by Savi ge®®.
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2_^ ^  APPARATUS

L i n e a r  sweep v o l t a m m e t r y  and c y c l i c  v o l t a m m e t r y  wer e  

p e r f o r m e d  w i t h  a P o l a r o g r a p h i c  A n a l y z e r  h a v i n g  a c o n v e n 

t i o n a l  o p e r a t i o n a l  a m p l i f i e r  d é s i g n e z * 7 3  and a P r i n c e t o n  

A p p l i e d  R e s e a r c h  C o r p o r a t i o n  Model  175 U n i v e r s a l  P r og r a mme r .  

V o l t a mmograms wer e  r e c o r d e d  on a H e w l e t t - P a c k a r d  Model  7001A  

or  a Ho u s t o n  I n s t r u m e n t s  Mode l  2000  X-Y r e c o r d e r .  V o l t a m -  

mogr ams a t  f a s t  sweep r a t e s  ( > 5 0 0 mV s " ^ )  w e r e  r e c o r d e d  on a 

T e k t r o n i x  M o d e l  5 0 3 1  D u a l  Beam S t o r a g e  O s c i l l o s c o p e ,  

e q u i p p e d  w i t h  a T e k t r o n i x  M o d e l  C - 7 0  C a m e r a  o r  T e k t r o n i x  

M o d e l  5 1 1 1  D u a l  Beam S t o r a g e  O s c i l l o s c o p e  e q u i p p e d  w i t h  a 

T e k t r o n i x  Model  C- 5B Ca me r a .

V o l t a m m e t r y  was c a r r i e d  o u t  i n  a s i n g l e  c o m p a r t m e n t  

c e l l ,  w h i c h  had a c a p a c i t y  o f  5 ml ,  a t  room t e m p e r a t u r e  ( 2 5 °  

_+ 1 ° C ) .  A p l a t i n u m  ( P t )  w i r e  s e a l e d  a t  t h e  b o t t o m  o f  t h e  

c e l l  s e r v e d  as t he  c o u n t e r  e l e c t r o d e  and a s a t u r a t e d  c a l o m e l  

e l e c t r o d e  (SCE)  s e r v e d  as t h e  r e f e r e n c e  e l e c t r o d e .  A p y r o l y 

t i c  g r a p h i t e  e l e c t r o d e  or  a g l a s s y  c a r b on  e l e c t r o d e  s e r v e d  

as t h e  w o r k i n g  e l e c t r o d e .  E l e c t r i c a l  c o n t a c t  w i t h  t h e  r e f e 

r e n c e  e l e c t r o d e  was made t h r o u g h  a d o u b l e  s a l t  b r i d g e  w i t h  a 

L u g g i n  c a p i l l a r y .  A l l  t h e  p o t e n t i a l s  r e p o r t e d  i n  t h i s  

t h e s i s  a r e  r e f e r r e d  t o  t h e  SCE a t  2 5 ° C.

P y r o l y t i c  g r a p h i t e  e l e c t r o d e s  (PGE) w e r e  made by s e a l 

i n g  a s m a l l  r od  o f  p y r o l y t i c  g r a p h i t e  ( P f i z e r  m i n e r a l s ,  

P i g m e n t s , a n d  M e t a l s  D i v i s i o n ,  E a s t o n ,  PA)  c_a. 2mm X 2mm X
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10mm i n a g l a s s  t ube  w i t h  Hy s o l  E p o x i - P a t c h  1C W h i t e  ( Hysol  

D i v i s i o n ,  T h e  D e x t e r  C o r p . ,  G l e a n ,  N. Y . ) .  T h e  PGE was  

r e s u r f a c e d  b e f o r e  r u n n i n g  each v o l t a m mo g r a m by g r i n d i n g  on a 

6 0 0 - g r i t  s i l i c o n  c a r b i d e  d i s c  ( F i s h e r  S c i e n t i f i c  C o m p a n y ,  

P i t t s b u r g h ,  PA) mount ed on a m e t a l l o g r a p h i c  p o l i s h i n g  w h e e l ,  

w a s h e d  w i t h  d o u b l e - d i s t i l l e d  w a t e r  t o  r e m o v e  t h e  g r a p h i t e  

p o w d e r  f r o m  t h e  s u r f a c e ,  d r i e d  by w i p i n g  t h e  b o d y  o f  t h e  

e l e c t r o d e  and g e n t l y  t o u c h i n g  t h e  s u r f a c e  w i t h  a s o f t  p a pe r  

tissue.

The g l a s s y  car bon e l e c t r o d e  (GCE,  P r i n c e t o n  A p p l i e d  Re

s e a r c h  C o r p . ,  P r i n c e t o n ,  N. J . )  h a v i n g  a s u r f a c e  a r e a  o f  

0 . 3 3  cm^ was p o l i s h e d  on 0 . 5  urn a l u m i n a  ( B u e h l e r  LT D,  

E v a n s t o n ,  I L . )  i m p r e g n a t e d  i n  a p i e c e  o f  s o f t  f e l t ,  r i n s e d  

t h o r o u g h l y  w i t h  d o u b l e - d i s t i l l e d  w a t e r  and d r i e d  w i t h  a s o f t  

p a p e r  t i s s u e  b e f o r e  r u n n i n g  each v o l t a mmo g r a m.

C o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s e s  w e r e  c a r r i e d  o u t  

e i t h e r  i n  a t h i n - l a y e r  r e t i c u l a t e d  v i t r e o u s  c a r b o n  ( RVC)  

c e l l  ( v i d e  i n f r a ) ,  o r  i n  a t h r e e  c o m p a r t m e n t  c e l l  w i t h  a 

w o r k i n g  c o m p a r t m e n t  c a p a c i t y  o f  c_a. 25  ml  o r  1 0 0  ml .  The  

c o m p a r t m e n t s  o f  t h e  e l e c t r o c h e m i c a l  c e l l  we r e  s e p a r a t e d  by a 

N a f i o n  m e m b r a n e  (Du P o n t )  o r  an a g a r  s a l t  b r i d g e  w h i c h  was  

p r e p a r e d  by d i s s o l v i n g  4g o f  a g a r  i n  90  ml  o f  p h o s p h a t e  

b u f f e r  pH 7 . 0  (u = 0 . 5 M )  o r  d i l u t e  HCl  pH 2 . 4  w i t h

h e a t i n g 7 4 .  The c o u n t e r  and r e f e r e n c e  e l e c t r o d e  c o m p a r t m e n t s  

c o n t a i n e d  t h e  same b u f f e r  s o l u t i o n  as t h e  w o r k i n g  c o m 

p a r t m e n t .  A Pt  g a u z e  o r  P t  f o i l  s e r v e d  as  a c o u n t e r  e l e c -
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t r o d e  and  a SCE ( F i s h e r  S c i e n t i f i c  Co. ,  P i t t s b u r g h ,  PA. )  

s e r v e d  as t h e  r e f e r e n c e  e l e c t r o d e .  S e v e r a l  p l a t e s  o f  p y r o 

l y t i c  g r a p h i t e  h a v i n g  a t o t a l  s u r f a c e  a r e a  o f  cj^. 6 0 cm^ or  

3 6 0  cm  ̂ s e r v e d  as t h e  w o r k i n g  e l e c t r o d e .  T h e  s o l u t i o n s  

w e r e  s t i r r e d  m a g n e t i c a l l y  w i t h  a t e f l o n  c o v e r e d  m a g n e t i c  

s t i r r e r  and bu b b l e d  w i t h  n i t r o g e n  d u r i n g  t h e  e l e c t r o l y s i s .  

T he  p o t e n t i a l  was c o n t r o l l e d  by a p o t e n t i o s t a t  ( P r i n c e t o n  

A p p l i e d  R e s e a r c h  C o r p o r a t i o n  Mo d e l  173 or  a W e n k i n g  Model  LT 

7 3 ) .  A c o u l o m e t e r  ( K o s l o w  S c i e n t i f i c  M o d e l  5 4 1 )  was  used  

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

b u l k  e l e c t r o l y s i s  c e l l  and t h e  t h i n - l a y e r  c e l l .

T h e  U. V.  s p e c t r a  w e r e  r e c o r d e d  on a H i t a c h i  1 0 0 - 8 0

c o m p u t e r i z e d  s p e c t r o p h o t o m e t e r .  A l l  pH m e a s u r e m e n t s  wer e  

c a r r i e d  o u t  w i t h  an O r i o n  M o d e l  501  d i g i t a l  pH m e t e r  u s i n g  

t h e  P o l y m e r  Body L i q u i d - F i l l e d  c o m b i n a t i o n  E l e c t r o d e  h a v i n g  

an A g / A g C l  r e f e r e n c e  e l e c t r o d e  ( F i s h e r  S c i e n t i f i c  C o . ,  

P i t t s b u r g h ,  PA) .

O p t i c a l l y  t r a n s p a r e n t  t h i n - l a y e r  e l e c t r o c h e m i c a l  c e l l s  

w e r e  c o n s t r u c t e d  s i m i l a r  t o  t h e  d e s i g n  d e s c r i b e d  by N o r v e l l  

and Ma ma n t o v ^ S  e x c e p t  t h a t  o p t i c a l  q u a l i t y  q u a r t z  p l a t e s  2 

i n  X 1 i n  X 1 / 1 6  i n  ( E s c o  O p t i c s  P r o d u c t s ,  Oak R i d g e ,  N.

J. )  w e r e  used.  A t h i n  s l i c e  o f  r e t i c u l a t e d  v i t r e o u s  car bon

( RVC)  ( 1 0 0  p p i  p o r o s i t y  12 mm X 40 mm F l u o r o c a r b o n  Co . ,  

A n a h e i m ,  CA)  w i t h  t h e  t h i c k n e s s  o f  0 . 1  -  0 . 5  mm was  s a n d 

w i c h e d  b e t w e e n  t h e  s l i d e s  a nd  t h e  e d g e s  o f  t h e  s l i d e s  w e r e
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s e a l e d  w i t h  Hy s o l  E p o x i - P a t c h  1C W h i t e  ( Hy s o l  D i v i s i o n  , The 

D e x t e r  C o r p . ,  O l e a n ,  N. Y . ) .  O p e n i n g s  w e r e  l e f t  a t  t h e  

b o t t o m  a nd  one  s p o t  a t  t h e  t o p  o f  t h e  c e l l  f o r  c l e a n i n g  and  

f i l l i n g  w i t h  t h e  t e s t  s o l u t i o n .  T h i n - l a y e r  s p e c t r o e l e c -  

t r o c h e m i c a l  s t u d i e s  w e r e  c a r r i e d  out  u s i n g  a R a p i d  Scanni ng  

S p e c t r o m e t e r  ( H a r r i c k  S c i e n t i f i c  C o . ,  O s s i n i n g ,  N. V. )  i n 

t e r f a c e d  t o  a Cromemco S y s t e m s  T h r e e  C o mp u t e r  or  a CompuPro 

Sy s t e m 8 / 1 6 .

A H e w l e t t - P a c k a r d  Mo d e l  5880  gas c h r o m a t o g r a p h  w i t h  a 

f l a m e  i o n i z a t i o n  d e t e c t o r  ( F I D )  ( H e w l e t t - P a c k a r d  Co , 

A v o n d a l e ,  P A . )  wa s  u s e d  f o r  g a s  c h r o m a t o g r a p h i c  ( GC)  

s t u d i e s .  A H e w l e t t - P a c k a r d  Mode l  5985B GC-MS was used f o r  

gas  c h r o m a t o g r a p h y - m a s s  s p e c t r o m e t r y  ( G C - M S )  s t u d i e s .  An 

e l e c t r o n  b e a m v o l t a g e  o f  70  eV was  u se d  t o  o b t a i n  e l e c t r o n  

i m p a c t  ( E l )  mass s p e c t r a  and me t h a n e  was used as a r e a c t a n t  

gas (2 X 1 0 " ^  t o r r )  i n  t h e  s o u r c e  chamber  t o  o b t a i n  c h e mi c a l  

i o n i z a t i o n  ( C l )  mass s p e c t r a .  An e l e c t r o n  b e a m e n e r g y  o f  

150 eV was used f o r  a l l  C l - M S  s t u d i e s .

F a s t  a t om b o mb a r d me n t  ( FAB) - MS was c a r r i e d  ou t  w i t h  a 

VG I n s t r u m e n t s  Mode l  ZAB- SE s p e c t r o m e t e r .

A g l a s s  c o l u m n  ( 1 . 8  m x 2 mm i . d . )  p a c k e d  w i t h  3% SE -  

30 on C h r o m a  s o r b  W ( S u p e l c o ,  I n c .  , B e l l e f o n t e ,  PA. )  was  

used f o r  a l l  GC and GC-MS s e p a r a t i o n s .  The c a r r i e r  gas was 

h e l i u m  a t  t h e  f l o w  r a t e  o f  30  m l m i n “ ^.

L i q u i d  c h r o m a t o g r a p h y  was c a r r i e d  out  u s i n g  a Ph a r ma c i a
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M o d e l  S R 2 5 / 1 0 0  ( 2 . 5  cm X 1 0 0  cm)  c o l u m n  w i t h  90 cm o f  

S e p h a d e x  G - 1 0  g e l  p e r m e a t i o n  r e s i n .  W a t e r  wa s  u s e d  as t h e  

e l u e n t .  A Ho l o c h r o me  v a r i a b l e  w a v e l e n g t h  d e t e c t o r  ( G i l s o n  

M e d i c a l  E l e c t r o n i c s ,  I n c . ,  M i d d l e t o n ,  W I . )  wa s  u s e d .  A 

Houst on I n s t r u m e n t s  Omni  s c r i b e  S t r i p c h a r t  r e c o r d e r  was used 

t o  r e c o r d  t h e  d e t e c t o r  o u t p u t .  An I SCO M o d e l  3 2 8  f r a c t i o n  

c o l l e c t o r  ( I n s t r u m e n t a t i o n  S p e c i a l t i e s  C o . ,  L i n c o l n ,  NE. )  

was used t o  c o l l e c t  e f f l u e n t  i n  4ml  f r a c t i o n s .

H i g h  P e r f o r m a n c e  L i q u i d  C h r o m a t o g r a p h y  ( HPLC)  was  

c a r r i e d  o u t  w i t h  a B i o - R a d  s y s t e m  ( R i c h m o n d ,  CA) u s i n g  a 

S h o d e x  O H - P a k  c o l u m n  ( 5 0  x 2 cm)  w i t h  w a t e r  as t h e  e l u e n t  (3 

m l m i n ' l ) .  W a t e r  A s s o c i a t e s  M o d e l  440  A b s o r b a n c e  D e t e c t o r  

( M i l l  i p o r e  W a t e r  A s s o c i a t e s ,  M i l f o r d ,  M a s s . )  was  u s e d .  A 

Houst on  I n s t r u m e n t s  Omni  s c r i b e  S t r i p c h a r t  R e c o r d e r  was used 

t o  r e c o r d  t h e  d e t e c t o r  o u t p u t .

2 .  C. PROCEDURES

^  Cj  ̂ P r o c e d u r e  f o r  s i l y l a t i o n

S i l y l a t i o n  was a c c o m p l i s h e d  u s i n g  c_a. 100 u 1 o f  s i l y l a -  

t i n g  r e a g e n t  and 100  u 1 o f  s o l v e n t  ( g e n e r a l l y  p y r i d i n e ,  

a c e t o n i t r i l e  o r  DMF)  i n  a 3 ml  r e a c t i - v i a l .  W i t h  MTBSTFA,  

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

30 m i n u t e s  or  o v e r n i g h t .  W i t h  BSA or BSTFA t h e  d e r i v a t i z a -  

t i o n  was  c a r r i e d  o u t  o v e r n i g h t  a t  r oom t e m p e r a t u r e  or  a t  

1 2 0 ° C  f o r  c a . 2 0 - 3 0  m i n u t e s .  The  a b o v e  c o n d i t i o n s  w e r e
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e mp l o y e d  i n  a l l  c a s e s ,  u n l e s s  o t h e r w i s e  s p e c i f i e d .

F o r  a l l  GC s t u d i e s ,  5 u 1 a l i q u o t s  o f  t h e  c o o l e d ,  d é r i 

v â t  i zed s a mp l e  wer e  i n j e c t e d .  The GC r e n t e n t i o n  t i m e s  (tp,)  

r e p o r t e d  w e r e  o b t a i n e d  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  i n i 

t i a l  t e m p e r a t u r e  1 0 0 ° C  f o r  12 mi n  f o l l o w e d  by a l i n e a r  

t e m p e r a t u r e  g r a d i e n t  ( 6 ° C  p e r  m i n )  t o  2 8 0 ° C .  T he  f i n a l  

t e m p e r a t u r e  was he l d  c o n s t a n t  f o r  30 mi n .

2 .  C . 2 .  P r o c e d u r e  f o r  e n z y m a t i c  o x i d a t i o n

S t o c k  s o l u t i o n s  o f  t y p e  V I ,  V I I I ,  I X  p e r o x i d a s e  ( 0 . 4  

uM,  m o l e c u l a r  w e i g h t  4 0 , 0 0 0 ) ,  H2 O2  ( 6 0 0  u]4) and TPP s o l u 

t i o n  ( 600  uM̂ ) wer e  p r e p a r e d  f r e s h  i n an a p p r o p r i a t e  b u f f e r .  

N o r m a l l y ,  0 . 7  ml  e a c h  o f  t h e  TPP and p e r o x i d a s e  s o l u t i o n s  

w e r e  mi x e d  i n a 1.0 cm q u a r t z  s p e c t r o p h o t o m e t e r  c e l l .  A f t e r  

t h e  a d d i t i o n  o f  0 . 7  ml  o f  t h e  H2 O2  s t o c k  s o l u t i o n  t o  t h e  

a b o v e  m i x t u r e ,  t h e  e n z y m a t i c  o x i d a t i o n  r e a c t i o n  was m o n i 

t o r e d  by r e p e t i t i v e l y  s c a n n i n g  t h e  s p e c t r a  i n  t h e  U.V.  

r e g i o n  ( 4 0 0 - 1 9 0  nm) .  T h e  r e f e r e n c e  c e l l  f o r  s p e c t r o p h o t o -  

m e t r i c  s t u d i e s  c o n t a i n e d  t h e  same a m o u n t  o f  b u f f e r ,  H2 O2 , 

and enz y me  as was i n t h e  s a mp l e  c e l l  e x c e p t  t h a t  no TPP was 

p r e s e n t .



CHAPTER 3

RESULTS AND DI SCUSSI ON

3. A ELECTROCHEMI CAL OXI DATI ON OF TRYPTOPHAN

3 .A.  1 .  S t a b i l i t y  o f  t r y p t o p h a n

T r y p t o p h a n  i s  s t a b l e  i n  s o l u t i o n  even i f  i t  i s  exposed  

t o  a i r  and l i g h t  a t  r o o m t e m p e r a t u r e  i n  t h e  pH r a n g e  2 . 0  t o

1 1 . 0  f o r  10 d a y s .

The  pKg v a l u e s  o f  TPP h a v e  been d e t e r m i n e d ® ^ ’ ®^ and a r e  

g i v e n  b e l o w .  These  v a l u e s  r e f e r ,  r e s p e c t i v e l y ,  t o  t h e  cK -  

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

and t h e  NH g r o u p  o f  t h e  h e t e r o c y c l i c  r i n g .

^ C O O H

2 . 3 8

9.39
H

6.23 
Tryptophan iTPPl

20
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3 .  A . 2 . L i n e a r  sweep and C y c 1 i c  V o l t a m m e t r y  

pH s t u d y .

A s e r i e s  o f  l i n e a r  s we e p  v o l t a m m o g r a m s  o f  TPP 

r e c o r d e d  a t  a s w e e p  r a t e  o f  5 mVs"^ b e t w e e n  pH 2 . 0  and 1 1 . 0  

u s i n g  a p y r o l y t i c  g r a p h i t e  e l e c t r o d e  ( PGE)  i s  g i v e n  i n  

F i g .  5.  A t  s l o w sweep r a t e s  (_< 10 mVs"^)  t w o  c l o s e l y  space d  

o x i d a t i o n  p e a k s  (%'% a n d  I ^ ) a r e  o b s e r v e d .  B e t w e e n  pH 3 . 0  

and  7 . 0  p e a k s  I  ' ^ and  I   ̂ a r e  e a s i l y  d i s t i n g u i s h a b l e ,  b u t  a t  

h i g h e r  and l o w e r  pH v a l u e s  peak i s  o b s e r v e d  as an i n d i s 

t i n c t  i n f l e c t i o n  on t h e  r i s i n g  p o r t i o n  o f  p e a k  I g .  An 

i n d i s t i n c t  i n f l e c t i o n  ( peak  Ilg) i s  o b s e r v e d  a t  p o t e n t i a l s  

mor e  p o s i t i v e  t han  peak i n  t h e  pH r a n g e  2 . 0 - 9 . 0 .  Because  

o f  i t s  i n d i s t i n c t  s h a p e ,  a c c u r a t e  m e a s u r e m e n t  o f  Ep f o r  peak  

I l g  was n o t  p o s s i b l e .

The v a r i a t i o n  o f  Ep w i t h  pH f o r  o x i d a t i o n  peaks  I ' g  

and  I g  o f  TPP (1 mM) ,  m e a s u r e d  a t  a s w e e p  r a t e  o f  5 mV s ” ^

a r e  g i v e n  i n  E q n s .  ( 1 )  and  ( 2 )  and i n  F i g .  6.

Pe a k  I'g: Ep(pH 2.0 - 11.0) = [0.948 - 0.045 pH] V (1)

Pe a k  I g  : Ep( pH 2.0 - 11.0) = [1.018 - 0.043 p H ]  V (2)

A t  s we e p  r a t e s  > 10 mVs"^ p e a k  I ' g  and I g  m e r g e  t o

g i v e  a s i n g l e  p e a k  w h i c h  w i l l  be r e f e r r e d  t o  as pe a k  I g

( F i g .  7 ) .  E q u a t i o n  ( 3 )  a n d  F i g .  8 i l l u s t r a t e  t h e  pH d e p e n 

d e n c e  o f  Ep f o r  o x i d a t i o n  p e a k  I g  a t  a s w e e p  r a t e  o f  20  0 

m V s ' l .
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2pA

1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0
Potential /  Volt vs. SCE

F i g .  5 L i n e a r  sweep v o l t a mmo g r a ms  o b t a i n e d  a t  t h e  PGE of  
1 mM t r y p t o p h a n  i n phosp h a t e  b u f f e r s  (u = 0.5 M) a t  
pH (A)  2 . 2 8 ,  (B)  3 . 3 0 ,  (C)  4 . 3 6 ,  (D)  5 . 7 2  (E)  6 . 9 2 ,
( F )  7 . 3 0  and (G)  9 . 8 2 .  Sweep r a t e :  5 m V s “ ^.
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F i g .  6 The  p e a k  p o t e n t i a l  (E ) i s .  pH c u r v e  o b t a i n e d  a t  
t h e  PGE o f  1 mM TPP i n  p h o s p h a t e  b u f f e r s  (u = 0 . 5 M)  
a t  a swe e p  r a t e  o f  5 mVs"^ f o r  o x i d a t i o n  peak I ^  
and I  '
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C
2
Urn
3
ü

2 p A

5 p A

i
1.2 1.0 0.8 0.6 0.4 0.2

Potential /  V vs. SCE
0.0

Fi g . 7 L i n e a r  sweep v o l t a mmo g r a ms  o b t a i n e d  a t  t h e  PGE o f
ImM t r y p t o p h a n  i n  p h o s p h a t e  b u f f e r  pH 5 , 3 0  (u = 0 . 5 ) ,
S w e e p  r a t e :  (A)  5 mVs"  ; (B)  20 mV s " ^ .



25

as

cô 0.8

> 0.7

Q) 0.6

0.5

6 8 102 40
pH

F i g .  8 The peak p o t e n t i a l  (E ) _vi- pH cur ve  o b t a i n e d  a t  t h e  
PGE o f  1 mM TPP i n  p h o s p h a t e  b u f f e r s  (u = 0 . 5 )  a t  a 

te o f  200 m V s ' l  f o r  o x i d a t i o n  peak  1^.sweep r a t e
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Peak I g  : Ep (pH 2 . 0  -  1 1 . 0 )  = [ 1 . 0 4  -  0 . 0 4 7  pH]  V ( 3 )

T h e  Ep pH p l o t s  shown i n  F i g .  6 and F i g .  8

show no b r e a k  p o i n t s  i n  pH r e g i o n s  c o r r e s p o n d i n g  t o  t h e  pKg 

v a l u e s  r e p o r t e d  f o r  TPP ( 2 . 3 8 ,  6 . 2 3  and 9 . 3 9 ) ® ^ » ® ^ .  T h i s  

i n d i c a t e s  t h a t  t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  TPP does not  

cha nge  d r a s t i c a l l y  i n  t h e  pH r ange  2 . 0 - 1 1 . 0 .

F o r  a r e v e r s i b l e  r e d o x  r e a c t i o n  t h e  s l o p e  o f  t h e  

Ep 2 2 "  PH p l o t  a t  2 5 ° C  c a n  be c a l c u l a t e d  u s i n g  Eqn.  ( 4 ) ® ® ,  

w h e r e  p i s  t h e  n u m b e r  o f  p r o t o n s  and n i s  t h e  n u mb e r  o f  

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

b l e  o r  a q u a s i - r e v e r s i b l e  r e a c t i o n ,  i f  t h e  s l o p e  o f  t h e  E^

dE_ -  0 . 0 5 9  p
 B =   ( 4 )
dpH n

V s . pH p l o t  i s  c_a• 59 mV t h e n  t h e  n u m b e r  o f  e l e c t r o n s  and  

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

F o r  an i r r e v e r s i b l e  r e d o x  r e a c t i o n  E q n . ( 4 )  b e 

comes mor e  c o mp l e x  and t h e  s l o p e  i s  d e f i n e d  by Eqn.  ( 5 ) ®®,  

wh e r e  o C  i s  t h e  e l e c t r o n  t r a n s f e r  c o e f f i c i e n t  and n^ i s

dE^ -  0 . 0 5 9  p
 B = ----------------------  ( 5 )

dpH c < n g

t h e  n u m b e r  o f  e l e c t r o n s  i n v o l v e d  i n  t h e  r a t e  l i m i t i n g
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r e a c t i o n  a t  t h e  e l e c t r o d e .

A t  a g i v e n  pH t h e  Ep and t h e  i p  v a l u e s  f o r  p e a k s  

I  ' g and Iĝ  a r e  i n d e p e n d e n t  o f  t h e  i o n i c  s t r e n g t h  ( u )  o f  t h e  

p h o s p h a t e  b u f f e r  used (u = 0 . 1 - 1 . 0  M) .  A t  s w e e p  r a t e s  

>10  m V s ' l ,  t h e  peak  c u r r e n t  ( i p )  f o r  p e a k  I ^  m e a s u r e d  a t  

bot h t h e  PGE and GCE d e c r e a s e s  w i t h  i n c r e a s i n g  pH ( c a . a 40 -  

50% d e c r e a s e  was o b s e r v e d  i n  t h e  pH r a n g e  2 . 0 - 1 1 . 0 ) .  A 

s e r i e s  o f  c y c l i c  v o l t a m m o g r a m s  o f  TPP a t  a PGE o v e r  t h e  pH 

r a n g e  2 . 0 - 1 1 . 0  i s  shown i n  F i g .  9.  I f  t h e  f i r s t  s w e e p  i s  d i 

r e c t e d  t o w a r d s  p o s i t i v e  p o t e n t i a l s ,  o x i d a t i o n  pe a k  I ^  

a p p e a r s  a n d  on t h e  r e v e r s e  s w e e p  a t  pH < 7 . 0 ,  t h r e e  r e d u c 

t i o n  p e a k s  ( I j . ,  I I j . ,  and a p p e a r  ( F i g .  9 A , B ) .  At  pH >

7.0 r e d u c t i o n  peak d i s a p p e a r s  ( F i g .  9 0 , E) .  I f  t h e  f i r s t

sweep i s  i n i t i a t e d  a t  0. 0 V t o w a r d s  n e g a t i v e  p o t e n t i a l s ,  TPP 

shows no v o l t a m m e t r i c  r e d u c t i o n  p e a k s .  A l s o ,  r e d u c t i o n  

p e a k s  I  ̂ a n d  I I ^ .  i n c r e a s e  i n  h e i g h t  r e l a t i v e  t o  t h e  o x i d a 

t i o n  p e a k  I g w i t h  i n c r e a s i n g  s we e p  r a t e .  T h e  c a l c u l a t e d  

r a t i o s  I ^ / I g  and I l ^ / I g  a r e  g i v e n  in T a b l e  1.  H o w e v e r ,  a t  a 

g i v e n  s w e e p  r a t e  peak  I ^  d e c r e a s e s  i n  h e i g h t  r e l a t i v e  t o  

peak  I g w i t h  i n c r e a s i n g  pH w h e r e a s  p e a k  11^ i n c r e a s e s  i n  

h e i g h t  ( F i g .  9 ) .  On t h e  s e c o n d  c y c l e  t o w a r d s  p o s i t i v e  

p o t e n t i a l s  t h r e e  new o x i d a t i o n  peaks ( I l ' g ,  I H ' g ,  and I V ' g ,  

F i g .  9)  a p p e a r .  S w i t c h i n g  p o t e n t i a l  e x p e r i m e n t s  r e v e a l  t h a t  

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

o r d e r  t o  o b s e r v e  t h e s e  t h r e e  new o x i d a t i o n  p e a k s  ( F i g .  9C) .  

When t h e  p o t e n t i a l  sweep i s  r e v e r s e d  i m m e d i a t e l y  a f t e r  scan-
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IS l"c

I jO - 1.0- IX ) 0010 OX)
Potential /  Volt vs. SCE

F i g .  9 C y c l i c  v o l t a mmo g r a ms  at  t he  PGE o f  1 mM t r y p t o p h a n  
i n  p h o s p h a t e  b u f f e r s  (u = 0 . 5 )  a t  pH (A)  2 . 2 8 ,  ( B, C)  
4 . 3 5 ,  (D)  7 . 0 0  and  (E)  1 0 . 5 5 .  Swe e p  r a t e :  200 mVs" .
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T a b l e  1

T he  c u r r e n t  r a t i o s ,  I ^ / I ^  and o f  1 mM t r y p t o p h a n  as

a f u n c t i o n  o f  s w e e p  r a t e  i n  pH 4 . 4  p h o s p h a t e  b u f f e r  (u = 

0 . 5  M) a t  t h e  PGE e l e c t r o d e  (A = 2 mm^ ) .

V ( V s - 1 )

I c H e

i p  ( uA)

l a I c / I a H c ' I a

0 . 2 8 . 0 2 . 0 4 6 . 0 0 . 1 7 0 . 0 4

1 2 8 . 6 1 2 . 5 1 3 1 . 1 0 . 2 1 0 . 0 9

2 7 1 . 4 2 8 . 6 2 8 5 . 7 0 . 2 5 0.  10

5 1 0 0 . 0 5 1 . 4 342 . 9 0 . 2 9 0 . 1 5

10 2 1 4 . 3 1 0 7 . 1 5 0 0 . 0 0 . 4 3 0 . 2 1

20 3 7 5 . 0 1 7 8 . 6 7 1 4 . 3 0 . 5 2 0 . 2 5
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n i n g  t h r o u g h  o x i d a t i o n  peak a new,  s m a l l  r e d u c t i o n  peak A 

a p p e a r s  a t  0 . 5  V,  w h i c h  i s  s h o wn  i n  F i g .  9C.  P e a k s  I ^  and  

I l ' g  seem t o  f o r m a q u a s i - r e v e r s i b l e  c o u p l e .  Ep v a l u e s  f o r  

a l l  o f  t h e  o x i d a t i o n  and r e d u c t i o n  peaks  o b s e r v e d  i n c y c l i c  

v o l t a m m e t r y  a r e  d e p e n d e n t  on pH and a r e  shown i n  F i g . 9.  As 

n o t e d  e a r l i e r ,  t h e  h e i g h t  o f  r e d u c t i o n  p e a k  11^  i n c r e a s e s  

w i t h  i n c r e a s i n g  pH,  r e l a t i v e  t o  t h a t  o f  p e a k  I ^ , b u t  a l l  

o t h e r  p e a k s  ( I ^ ,  1 1 ^ ,  1 1 ' ^ ,  1 1 1 ' % ,  and I V ' % )  b e c o m e  s m a l l e r .  

W i t h  i n c r e a s i n g  s w e e p  r a t e  p e a k s  A,  I ^ , 1 1 ^ ,  I I I ^ ,  I I ' % ,  

I H ' % ,  a n d  I V ' g  i n c r e a s e  i n  h e i g h t  r e l a t i v e  t o  o x i d a t i o n  

peak I g .  Such c y c l i c  v o l t a m m e t r i c  b e h a v i o r  i n d i c a t e s  t h a t  

t h e  o x i d a t i o n  peak 1% o f  TPP l e a d s  t o f o r m a t i o n  o f  r e d u c i b l e  

i n t e r m e d i a t e s  or  p r o d u c t s  r e s p o n s i b l e  f o r  p e a k s  I ^ , 11^,  and 

I I I ^ .  One o f  t h e  i n t e r m e d i a t e s ,  r e s p o n s i b l e  f o r  peak I^,, i s  

r e d u c e d  and may g i v e  p r o d u c t ( s )  wh i c h  a r e  s u b s e q u e n t l y  o x i 

d i z e d  v i a  peak I I ' % ,  I I I ' % ,  and I V ' g  d u r i n g  t h e  second c y c l e  

t o w a r d s  t h e  p o s i t i v e  p o t e n t i a l s .

C y c l i c  v o l t a m m e t r y  o f  TPP a t  s l o w  a nd  f a s t  s w e e p  

r a t e s  ( 5  mVs " ^  up t o  l O O V s " ^ )  does  n o t  show a r e v e r s i b l e  

r e d u c t i o n  peak c o u p l e d  t o  o x i d a t i o n  peak 1%. F u r t h e r m o r e ,  

p e a k  I g  p o t e n t i a l  i s  s h i f t e d  i n  p o s i t i v e  d i r e c t i o n  by c a . 

44 mV a t  pH 4 . 3 6  f o r  e a c h  t e n f o l d  i n c r e a s e  i n  s weep  r a t e .  

T h i s  v a l u e  i s  a p p r o x i m a t e l y  t h a t  e x p e c t e d  f o r  i r r e v e r s i b l e  

o x i d a t i o n  r e a c t i o n  ( 30 mV/ oCng = 40 mV a t  25° C) ®' ^.  Thus ,  i t  

mu s t  be c o n c l u d e d  t h a t  t h e  o x i d a t i o n  r e a c t i o n  shown by peak  

I g  i s  e l e c t r o c h e m i c a l l y  i r r e v e r s i b l e .
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C o n c e n t r â t ! on s t u d y

A t  t h e  p y r o l y t i c  g r a p h i t e  e l e c t r o d e  ( PGE) ,  a peak  

c u r r e n t  ( i p )  c o n c e n t r a t i o n  s t u d i e s  f o r  t h e  o x i d a t i o n  

p e a k  I  g o f  TPP was c a r r i e d  o u t  a t  a s w e e p  r a t e  o f  5 mVs “  ̂

b e t w e e n  pH 3 . 0 - 7 . 0 .  T h i s  pH r a n g e  was chosen b e c a u s e  o x i d a 

t i o n  peak  I ' g  and a r e  e a s i l y  d i s t i n g u i s h a b l e .  T h i s  s t ud y  

can be used t o  d e t e r m i n e  t h e  t y p e  o f  p r o c e s s  c o n t r o l l i n g  t h e  

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

c o n t r o l l e d  t h e n  t h e  peak c u r r e n t ,  i p ,  i s  d i r e c t l y  p r o p o r t i o 

na l  t o  t h e  b u l k  c o n c e n t r a t i o n  o f  t h e  e l e c t r o a c t i v e  s p e c i e s  

i n  t h e  s o l u t i o n .  Ho we v e r ,  i f  t h e  e l e c t r o a c t i v e  compound i s  

a d s o r b e d  on t h e  e l e c t r o d e  s u r f a c e  t hen  t h e  peak  c u r r e n t  w i l l  

i n c r e a s e  i n  a l i n e a r  f a s h i o n  o n l y  a t  l ow c o n c e n t r a t i o n .

A t  l o w  c o n c e n t r a t i o n s ,  o x i d a t i o n  p e a k  I '  ̂ i s  t h e  

d o m i n a n t  peak  ( F i g .  l OA) .  H o w e v e r ,  w i t h  i n c r e a s i n g  c o n c e n 

t r a t i o n s  o f  TPP peak c u r r e n t  f o r  o x i d a t i o n  peak  I ' g  r e a c h e s  

a l i m i t i n g  h e i g h t  ( F i g .  l O A )  and p e a k  I ^  b e c o m e s  t h e  d o m i 

n a n t  peak ( F i g .  l OE) .  Such b e h a v i o r  i n d i c a t e s  t h a t  peak I 

i s  p r o b a b l y  an a d s o r p t i o n  p r e p e a k ,  i .  e . ,  a d s o r p t i o n  i s  due  

t o  t h e  e l e c t r o o x i d a t i o n  p r o d u c t ( s ) ® ^ .  H o w e v e r ,  i p  f o r  o x i 

d a t i o n  p e a k  I g  ( t h e  sum o f  i p  f o r  p e a k s  I ' g and I g  was  

m e a s u r e d .  F i g .  l OB)  does n o t  show a l i n e a r  r e l a t i o n s h i p  w i t h  

b u l k  c o n c e n t r a t i o n  o f  TPP b u t  a l s o  r e a c h e s  a l i m i t i n g  v a l u e  

( F i g .  1 1 ) .  T h i s  e f f e c t  i s  p r o b a b l y  due t o  a p r o d u c t  or p r o 

d u c t s  o f  t h e  e l e c t r o o x i d a t i o n  r e a c t i o n  b l o c k i n g  t h e  e l e c 

t r o d e  s u r f a c e ( s e e  l a t e r  d i s c u s s i o n ) .  C y c l i c  v o l t a m mo g r a ms  o f
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1 p A

3
o

2pA

1.0 0.8 0.4 0.0
Potential /  Volt vs. SCE

F i g .  10 L i n e a r  sweep vo l t a mmo g r a ms  o b t a i n e d  a t  t h e  PGE of  
t r y p t o p h a n  i n  pH 4 . 3 9  p h o s p h a t e  b u f f e r  (u = 0 . 5 ) .  
TPP c o n c e n t r a t i o n s :  (A)  0 . 1 2 5  m M , ( B )  0 . 2 5  mM, (C)  
0 . 5  mM,  ( 0 )  1 . 0  mM and (E)  7 . 5  mM. Sweep r a t e :  
5 m V s ' l .
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15

5

O

8O 2
Concentration /  mM

10

F i g . c o n c e n t r a t i o n  c u r v e s  f o r11 P e a k  c u r r e n t  ( i ^ )  _vi-
o x i d a t i o n  peaks  I ' g and I o f  1 mM TPP i n  p h o s ph a t e  
b u f f e r  pH 4 . 4  m e a s u r e d  a t  a s w e e p  r a t e o f  5 mVs" .
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TPP a t  d i f f e r e n t  c o n c e n t r a t i o n s  and c u r r e n t  c o n c e n t r a 

t i o n  c u r v e s  a t  pH 4 . 3 9  a r e  shown i n  F i g .  10 and F i g .  1 1 ,  

r e s p e c t i v e l y .  S i m i l a r  e l e c t r o c h e m i c a l  b e h a v i o r  was o b s e r v e d  

b e t w e e n  pH 3 . 0  and 7 . 0  w h e r e  i t  was p o s s i b l e  t o  o b t a i n  

a p p r o x i m a t e  i p  v a l u e s  f o r  pe ak  I ' g  and I g .

Sweep r a t e  s t u d y

S we e p  r a t e  s t u d i e s  can a l s o  be u s e d  t o  d e t e r m i n e  

w h e t h e r  an e l e c t r o o x i d a t i o n  p r o c e s s  i s  d i f f u s i o n  or  a d s o r p 

t i o n  c o n t r o l l e d .  I n  such a s t u d y  t h e  e x p e r i m e n t a l  p a r a m e t e r  

i p  i s  m e a s u r e d  as a f u n c t i o n  o f  s w e e p  r a t e .  F r o m i p  21»  v 

d a t a  t h e  p e a k  c u r r e n t  f u n c t i o n ,  i p / C g  v ^ ^ ^ A ,  i s  c a l c u l a t e d  

( w h e r e  i p  i s  t h e  p e a k  c u r r e n t  i n  u A,  C  ̂ i s  t h e  b u l k  s o l u 

t i o n  c o n c e n t r a t i o n  o f  e l e c t r o a c t i v e  s p e c i e s  i n  m o l e / 1 ,  v i s  

t h e  s w e e p  r a t e  i n  V s " ^ ,  and  A i s  t h e  s u r f a c e  a r e a  o f  t h e  

e l e c t r o d e  i n  c m^ ) .  F o r  a d i f f u s i o n  c o n t r o l l e d  p r o c e s s  t h e  

p e a k  c u r r e n t  f u n c t i o n  s h o u l d  r e m a i n  c o n s t a n t  as t h e  s w e e p  

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

a t  t h e  e l e c t r o d e  s u r f a c e ,  t h e n  t h e  p e a k  c u r r e n t  f u n c t i o n  

i n c r e a s e s  w i t h  i n c r e a s i n g  sweep r a t e ® ^ .

I t  was n o t  p o s s i b l e  t o  s t u d y  t h e  e f f e c t  o f  s w e e p  

r a t e  on t h e  r e l a t i v e  h e i g h t s  o f  p e a k s  I ' g and  I g  b e c a u s e  

t h e s e  p e a k s  m e r g e  t o g e t h e r  a t  a s w e e p  r a t e  > 10 mV"^ ( v i d e  

s u p r a ) . H o w e v e r ,  t h e  e x p e r i m e n t a l  peak c u r r e n t  f u n c t i o n  f o r  

peak I g  me a s u r e d  a t  sweep r a t e s  b e t we e n  10 mVs"^ and 20 Vs"^ 

i n c r e a s e d  s i g n i f i c a n t l y  w i t h  i n c r e a s i n g  sweep r a t e  ( T a b l e  2) .
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T a b l e  2

C h a n g e  i n  i 

sweep r a t e  

(A = 2 mm^

! p f o r  pe ak  

i n pH 4.4 

) .

I g  o f  1 mM 

p h o s p h a t e

t r y p t o p h a n  as  a f u n c t i o n  o f  

b u f f e r  a t  t h e  PGE e l e c t r o d e

V y l / 2
' p i p / A C y l / Z

( V s - 1 ) ( V l / 2 s - l ) ( u A) (uA/mm^ mmole

0 . 0 1 0 . 1 10 5 0 . 0

0 . 0 2 0 . 1 4 15 5 3 . 5

0 . 0 5 0 . 2 2 30 6 8 . 2

0 . 1 0 . 3 2 46 7 3 . 0

0 . 2 0 . 4 5 71 7 9 . 4

1 . 0 1 . 0 210 1 0 5 . 0

2 . 0 1 . 4 350 1 2 5 . 0

5 . 0 2 . 2 4 720 1 6 0 . 7

1 0 . 0 3 . 1 6 11 80 1 8 6 . 7

20 . 0 4.47 180 0 2 0 1 . 3
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V i / * / V o l t i / 2 s e c - i / 2

F i g .  12 Peak  c u r r e n t  f u n c t i o n  t h e  s q u a r e  r o o t  o f  t h e  
sweep r a t e  f o r  t h e  v o l t a m m e t r i c  o x i d a t i o n  peaks I '  
and I o f  1 mM TPP i n pH 4 .3 6  p h o s p h a t e  b u f f e r  (u = 
0 . 5  My.
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F i g .  12 s h o w s  t h a t  t h e  p e a k  c u r r e n t  f u n c t i o n  f o r  pe ak  I ^  

i n c r e a s e s  r a p i d l y  w i t h  i n c r e a s i n g  s w e e p  r a t e  a t  pH 4 . 3 6 .  

S i m i l a r  b e h a v i o r  was a l s o  o b s e r v e d  i n  bo t h  n e u t r a l  (pH 7 . 0 )  

and b a s i c  (pH 10 . 65 )  s o l u t i o n s .  T h i s  b e h a v i o r  s u g g e s t s  t h a t  

TPP i s  a d s o r b e d  a t  t h e  PGE s u r f a c e ® ^ .

3 .  A.  3 .  V o l t a m m e t r i c  n - v a l u e s .

A t t e m p t s  t o  me a s u r e  r e l i a b l e  v a l u e s  f o r  t h e  number  o f  

e l e c t r o n s  t r a n s f e r r e d  pe r  m o l e c u l e  o f  TPP o x i d i z e d  a t  v o l 

t a m m e t r i c  p e a k  l a  u s i n g  a PGE w e r e  n o t  v e r y  s u c c e s s f u l  

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

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

h i g h l y  p o l i s h e d  GCE gave q u i t e  r e p r o d u c i b l e  i p  v a l u e s  {+_ 5%) 

and d a t a  o b t a i n e d  w i t h  t h i s  e l e c t r o d e  we r e  used t o  c a l c u l a t e  

t h e  v o l t a m m e t r i c  v a l u e s  u s i n g  Eqn.  ( 6 ) ^ 1 .

n = i  Z 2 . 9 9  X  1 0 ^  ( 0 <  n ^  )  ^ ^  0 1 / 2 ^ 1 / 2  ( g )

wher e

i p  : peak  c u r r e n t  i n A

Cq : i n i t i a l  c o n c e n t r a t i o n  o f  e l e c t r o a c t i v e  s p e c i e s  i n t h e  

b u l k  s o l u t i o n  i n  ^

A : a r e a  o f  t h e  e l e c t r o d e  i n  cm^

V : swe ep  r a t e  o f  t h e  a p p l i e d  l i n e a r  v o l t a g e  i n v o l t s  s e c ” ^

D : d i f f u s i o n  c o e f f i c i e n t  o f  t he  e l e c t r o a c t i v e  s p e c i e s  i n

2 - 1  cm'^ sec

ng ; number  o f  e l e c t r o n s  i n v o l v e d  in t h e  r a t e  d e t e r m i n i n g
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s t e p

: e l e c t r o n  t r a n s f e r  c o e f f i c i e n t

T h i s  e q u a t i o n  was used t o  c a l c u l a t e  t h e  v o l t a m m e t r i c  £ -  

v a l u e s  b e c a u s e  TPP i s  e l e c t r o c h e m i c a l l y  o x i d i z e d  i n  an i r r e 

v e r s i b l e  p r o c e s s  ( v i d e  s u p r a ) .  The d i f f u s i o n  c o e f f i c i e n t ,  D,  

f o r  TPP was assumed t o  be 10'"^ cm^s"^.  V a l u e s  o f  oCn^ we r e  

o b t a i n e d  u s i n g  Eqn.  ( 7 ) 2 1 . 8 4 , 8 6 ^

0 . 0 4 8  V 
C K n  = -------------------- ( 7 )

: p  ■ S / 2

V o l t a m m o g r a m s  o f  TPP w e r e  r e c o r d e d  i n  p h o s p h a t e  b u f f e r s  

(u = 0 . 5 )  a t  pH 3 . 9 2  , 6 . 9 2  a nd  1 0 . 5 5  a t  s w e e p  r a t e s  b e t w e e n  

5 mVs" ^  a n d  20  Vs " ^  w i t h  TPP c o n c e n t r a t i o n s  o f  0 . 5 5  mM̂  and  

l . l O m M  ( T a b l e  3 ) .  A t  pH 3 . 9 2  t h e  e x p e r i m e n t a l  c<  v a l u e  

was 0 . 6 5  _+ 0 . 1 5  ( mean _+ m a x i m u m  d e v i a t i o n )  a n d  t h e  e x p e r i 

m e n t a l  v a l u e  ( n g x p )  wa s  2 . 2  _+ 0 . 4 9 .  A t  pH 6 . 9 2 ,  0 <ng = 

0 . 5 9  + 0 . 1 2  ; ngxp = 1 . 8 9  + 0 . 1 3 .  At  pH 1 0 . 5 5 ,  c K n ^  = 0 . 3 0  

_+ 0 . 1 3  ; ü e x p  ^ 1 . 5 2  +_ 0 . 3 3 .  On t h e  b a s i s  o f  t h e  a b o v e  

r e s u l t s ,  i t  was c o n c l u d e d  t h a t  unde r  v o l t a m m e t r i c  c o n d i t i o n s  

TPP i s  e l e c t r o c h e m i c a l l y  o x i d i z e d  i n  an i r r e v e r s i b l e  2e  ̂

p r o c e s s .  T h e  s y s t e m a t i c  d e c r e a s e  o f  t h e  o ^ n ^  v a l u e  w i t h  

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

i n  e x p e r i m e n t a l  i p v a l u e s  w i t h  i n c r e a s i n g  pH.  Ho w e v e r ,  no 

r a t i o n a l  e x p l a n a t i o n  i s  a t t e m p t e d  f o r  t h e  d e c r e a s i n g  o f  oCn^  

w i t h  i n c r e a s i n g  pH.



39

T a b l e  3

V o l t a m m e t r i c j n - v a l u e s  o b s e r v e d  upon e l e c t r o l y s  i s o f  L - t r y p -

t o p h a n  a t p e a k  I g  p o t e n t i a l  a t  a GCE e l  e c t r o d e (A = 0 . 3 3

c ) i n  pH 3. 9 p h o s p h a t e b u f f e r  (u = 0. 5 M) .

C (mM) i p  ( uA) V ( V s ' l ) CXng n

0.  55 2 4 . 4 0 . 0 0 5 0 . 7 4 2 . 3 3

0 . 5 5 7 2 . 7 0 . 0 5 0 . 8 0 2 . 1 1

0 . 5 5 1 0 7 . 0 0 . 1 0 . 6 9 2 . 3 8

0 . 5 5 1 4 4 . 3 0 . 2 0 . 6 0 2 . 4 3

1 . 1 4 8 . 8 0 . 0 0 5 0 . 6 8 2 . 4 3

1 . 1 1 5 3 . 3 0 . 0 5 0 . 6 4 2 . 5 0

1 . 1 2 2 2  . 0 0 . 1 0 . 6 0 2 . 6 5

1 . 1 3 0 4 . 0 0 . 2 0 . 6 0 2 . 5 6

1 . 1 4 6 0 . 0 0 . 5 0 . 6 7 2 . 4 5

1 . 1 552 . 0 1 . 0 0 . 8 0 1 . 8 0

1 . 1 7 7 3 . 6 2 . 0 0 . 8 0 1 . 7 9

1 . 1 957 . 2 5 . 0 0 . 5 3 1 . 7 2

1 . 1 1 3 2 6 . 3 1 0 . 0 0 . 5 1 1 . 7 1

1 . 1 1 5 6 5 . 5 2 0 . 0 0 . 5 1 1 . 4 3
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3 .  A . 4 .  C o n t r o l  l e d  p o t e n t i a l  c o u l o m e t r y

C o n t r o l l e d  p o t e n t i a l  c o u l o m e t r y  o f  TPP a t  pe a k  I ^  p o 

t e n t i a l s  was  c a r r i e d  o u t  i n  p h o s p h a t e  b u f f e r s  (u = O . I M )  

b e t w e e n  pH 2 . 3  and 1 0 . 6  a n d  i n  d i l u t e  MCI  ( pH 2 . 4 ) .  U s i n g  a 

c o n v e n t i o n a l  t h r e e  e l e c t r o d e  c o m p a r t me n t  c e l l  ( 20 cm^ PGE,  

2 5  ml  s t i r r e d  s o l u t i o n )  e x p e r i m e n t a l  2 " v a l u e s  o f  4 . 0  0 . 2

w e r e  me a s u r e d  when v e r y  d i l u t e  s o l u t i o n s  o f  TPP ( 1 0 - 5 0  uM)  

w e r e  e l e c t r o l y z e d .  Such e l e c t r o l y s e s  we r e  c o m p l e t e d  i n c_a. 

2 h.  E l e c t r o l y s e s  u s i n g  TPP c o n c e n t r a t i o n s  o f  0 . 5 0 - 2 . 0  mM 

t o o k  8 - 1 0  h t o  r e a c h  c o m p l e t i o n  i f  t h e  e l e c t r o d e s  w e r e  

p e r i o d i c a l l y  r e s u r f a c e d .  W i t h o u t  r e s u r f a c i n g ,  c o m p l e t i o n  o f  

t h e s e  e l e c t r o l y s e s  t ook  £ a .  6 - 7  days.  E x p e r i m e n t a l  j i - v a l u e s  

o b t a i n e d  we r e  r a t h e r  v a r i a b l e  and r anged f r o m  4 . 6 - 5 . 7  ( T a b l e  

4 ) .  T h e s e  c o u l o m e t r i c  r e s u l t s  sug g e s t  t h a t  u s i n g  r e l a t i v e l y  

h i g h  c o n c e n t r a t i o n s  o f  TPP ( ^  0 . 5  mM) and p r o l o n g e d  e l e c t r o 

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

o v e r a l l  4e  ̂ p r o c e s s  f o r m i n g  p r o d u c t s  w h i c h  can u n d e r g o  

f u r t h e r  e l e c t r o o x i d a t i o n .  F i g .  13 shows a s e r i e s  of  c y c l i c  

v o l t a m m o g r a m s  o f  TPP b e f o r e ,  d u r i n g  and a f t e r  e l e c t r o l y s i s .  

A f t e r  t h e  c o m p l e t i o n  o f  e l e c t r o l y s i s ,  a c y c l i c  v o l t a mmo g r a m  

a t  t h e  s w e e p  r a t e  o f  2 0 0  mVs " ^  s hows  a w e l l  d e f i n e d  o x i d a 

t i o n  p e a k  a t  1. 0 V ( F i g .  1 3 E ) .  Ep f o r  t h i s  p e a k  a t  pH 4. 7  

and 7 . 3 4  a r e  1 . 1 5  V and 0 . 9 5  V,  r e s p e c t i v e l y .  T h e s e  Ep 

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

o x i d a t i o n  peak 11 o f  TPP.

D u r i n g  t he  c o n t r o l l e d  p o t e n t i a l  e l e c t r o o x i d a t i o n s  t h e
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T a b l e  4

C o u l o m e t r i c  in-va l  ues f o r  t h e  c o n t r o l l e d  p o t e n t i a l  e l e c t r o 

o x i d a t i o n  o f  L - t r y p t o p h a n  a t  peak I g p o t e n t i a l .

pH C (mM) A p p l i e d P o t e n t i a l / V  SCE 2 " v a l u e

P h o s p h a t e  b u f f e r s (u = 0 . 5 M)

2 . 3 0 . 6 4 1 . 1 4 . 0

2 . 3 0 . 9 5 1 . 1 5 . 6

4 . 7 0.  17 0 . 8 4 . 0

4 . 7 0 . 6 0 0 . 8 4 . 6

4 . 7 0 . 5 2 1 . 0 4 . 9

7 . 3 0 . 5 0 0 . 7 5 5 . 6

7 . 3 0.  53 1 . 1 6 . 2

1 0 . 6 0.  50 0 . 7 5 . 7

D i l u t e HCl

2 . 4 0 . 1 5 1 . 2 4 . 0

2 . 4 0 . 5 0 1 . 2 4 . 6

2 . 4 0 . 9 5 1 . 2 5 . 6
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F i g .  13 C y c l i c  v o l t a mmo g r a ms  a t  t he  PGE t a k e n  t h r o u g h o u t  
t h e  c o u r s e  o f  a c o n t r o l l e d  p o t e n t i a l  o x i d a t i o n  o f  
0 . 5  m M TPP i n  pH 4 . 7  p h o s p h a t e  b u f f e r  
0 . 9  V. (A)  B e f o r e  e l e c t r o l y s i s ,  ( B ) ,
( E)  w e r e  r e c o r d e d  a f t e r  1 . 5 ,  1 9 ,  4 3 ,  
e l e c t r o l y s i s .  Sweep r a t e :  200 rnVs'  .

( u = O. I M)  a t  
( C ) ,  (D)  and  
and 56 h o f
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c o l o r l e s s  TPP s o l u t i o n  t u r n s  y e l l o w  . I f  t h e  c o n c e n t r a t i o n  

o f  TPP u s e d  i s  a b o v e  0 . 5  mfi t h e n  a y e l l o w  f i l m  i s  d e p o s i t e d  

on t h e  e l e c t r o d e  s u r f a c e .  T h i s  c o a t i n g  p r o b a b l y  b l o c k s  t h e  

e l e c t r o d e  s u r f a c e  and l e a d s  t o  v e r y  l ong e l e c t r o l y s i s  t i m e .  

S p e c t r a l  cha nges  o b s e r v e d  d u r i n g  t h e  e l e c t r o o x i d a t i o n  o f  TPP 

a t  p e a k  l a  p o t e n t i a l s  a t  pH 4 . 7 8  a r e  s h o wn  i n  F i g .  14 .  As 

t h e  e l e c t r o l y s i s  p r o c e e d s  t h e  c h a r a c t e r i s t i c  U. V.  b a n d s  o f  

TPP ( ^ m a x  ■ 275 and 21 5  nm) d i s a p p e a r  and new bands a p p e a r  

a t  X  = 3 5 0 - 2 9 4 ,  2 4 4 ,  a n d  2 0 3  nm.  T h e  b a n d  c e n t e r e d  a t  

2 4 4  nm i n c r e a s e s  t h r o u g h o u t  t h e  e l e c t r o l y s i s  b u t  o v e r  t h e  

l a s t  1 - 2  h i t  d e c r e a s e s  s o me w h a t .

T h i n - 1  a y e r  s p e c t r o e l e c t r o c h e m i s t r y

T h i n - l a y e r  s p e c t r o e l e c t r o c h e m i s t r y  i s  a u s e f u l  t e c h n i 

q ue  t o  i d e n t i f y  and t o  c h a r a c t e r i z e  t h e  r a p i d l y  g e n e r a t e d  

i n t e r m e d i a t e s  i n e l e c t r o d e  r e a c t i o n s ® ^ » ® ® .

T h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  s t u d i e s  o f  TPP a t  

pH 4 . 8  and pH 7. 0 we r e  c a r r i e d  ou t  u s i n g  an o p t i c a l l y  t r a n s 

p a r e n t  r e t i c u l a t e d  v i t r e o u s  c a r b o n  (RVC) e l e c t r o d e .  Cur ve  1 

i n  F i g .  1 5 A i s  t h e  s p e c t r u m  o f  TPP a t  pH 4 . 8 .  When a 

p o t e n t i a l  c o r r e s p o n d i n g  t o  p e a k  l a  ( 0 . 9  V)  i s  a p p l i e d ,  

v i r t u a l l y  no s p e c t r a l  c h a n g e s  w e r e  o b s e r v e d  f o r  t h e  f i r s t  

c a . 8 0  s.  T h i s  p e r i o d  w i l l  be d e s c r i b e d  as a " l a g  p e r i o d " .  

T h e n ,  t h e  c h a r a c t e r i s t i c  a b s o r p t i o n  b a n d s  o f  TPP ( X  = 

2 7 5 ,  2 1 5  nm)  b e g i n  t o  d e c r e a s e  and t h e  f o r m e r  a b s o r p t i o n  

band s h i f t s  t o  h i g h e r  w a v e l e n g t h  ( £a .  285  nm) and t h e  l a t t e r
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F i g .  14 S p e c t r a l  changes o bs e r v e d  d u r i n g  t h e  c o n t r o l l e d  
p o t e n t i a l  e l e c t r o o x i d a t i o n  of  1.5 mM t r y p t o p h a n  in 
pH 4 . 7 8  p h o s p h a t e  b u f f e r  (u = O . I M )  a t  0 . 9  V. C u r v e  
( 1 )  i s  t h e  s p e c t r u m  o f  TPP.  S p e c t r a  w e r e  r e c o r d e d  
a f t e r  ( 2 )  1 h,  ( 3 )  2 h,  ( 4 )  3 h,  ( 5 )  4 h,  ( 6 ) 5 h,  
( 7 )  5 h and ( 8 ) 8  h e l e c t r o l y s i s .
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F i g .  15 (A) Sp e c t r a  o f  2 mM t r y p t o p h a n  in pH 4.8 phosphat e  
b u f f e r  (u = 0 . 5M)  und e r g o i ng  o x i d a t i o n  a t  0.9V in a 
t h i n - l a y e r  c e l l  c o n t a i n i n g  a RVC e l e c t r o d e .  C u r v e
( 1 )  i s  t h e  s p e c t r u m  o f  TPP.  A f t e r  r e c o r d i n g  c u r v e
( 2 )  t h e  RVC e l e c t r o d e  was open c i r c u i t e d  and t h e  
s p e c t r a l  c h a n g e s  b e t w e e n  c u r v e s  ( 3 )  and ( 4 )  i n  (B)  
we r e  o b s e r v e d .  R e p e t i t i v e  s p e c t r a l  sweeps of  18. 9 s 
w i t h  no i n t e r v a l  b e t w e e n  s we e p s  a r e  shown i n  ( A) .  
T he  t i m e  l a p s e d  b e t w e e n  c u r v e s  ( 3 )  and ( 4 )  i n  (B)  
i s  15 mi n .
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t o  s h o r t e r  w a v e l e n g t h s  (c_a.  2 0 5  nm) .  S i m u l t a n e o u s l y  a new 

a b s o r p t i o n  band gr ows i n  a t  £ a .  244 nm and s h i f t s  t o  l o n g e r  

w a v e l e n g t h  (c_a. 2 5 0  nm)  a n d  t h e  a b s o r b a n c e  b e t w e e n  a b o u t  

3 5 5 - 2 9 0  nm a l s o  i n c r e a s e s .  A f t e r  t h e  TPP s o l u t i o n  i s  

o x i d i z e d  f o r  18 m i n ,  c u r v e  2 i n  F i g .  1 5 A wa s  r e c o r d e d .  A t  

t h i s  p o i n t  t h e  RVC e l e c t r o d e  was o p e n - c i r c u i t e d  . The  

s p e c t r a l  c h anges  o b s e r v e d  a f t e r  t he  e l e c t r o l y s i s  a r e  shown  

b e t w e e n  c u r v e s  3 and 4 i n  F i g .  15B.  A f t e r  t h e  e l e c t r o l y s i s ,  

t h e  a b s o r b a n c e  d e c r e a s e s  a t  w a v e l e n g t h s  c e n t e r e d  a t  285  nm 

and 2 5 0  nm and i n c r e a s e s  a t  s h o r t e r  w a v e l e n g t h s  ( c a . 205 nm)  

and  s h i f t s  t o  l o n g e r  w a v e l e n g t h s  ( jui .  2 1 5  n m ) .  Such s p e c 

t r o e l e c t r o c h e m i c a l  b e h a v i o r  i n d i c a t e s  t h a t  t h e  e l e c t r o o x i d a 

t i o n  o f  TPP a t  peak l a  p o t e n t i a l s  p r o b a b l y  g e n e r a t e s  i n t e r 

m e d i a t e  s p e c i e s  a t  2 1 5 ,  2 5 0 ,  and 2 7 5  nm w h i c h  u n d e r g o  f u r 

t h e r  c h e m i c a l  f o l l o w  up r e a c t i o n s .  S e l e c t e d  a b s o r b a n c e  v s . 

t i m e  c u r v e s ,  r e c o r d e d  a t  2 1 5 ,  2 5 0 ,  and 2 8 5  n m,  a r e  shown i n  

F i g .  1 6 .  No l a g  p e r i o d  was  o b s e r v e d  a t  pH 7 . 0 .  O t h e r w i s e ,  

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

7 . 0  wa s  a l m o s t  i d e n t i c a l  t o  t h a t  a t  pH 4 . 8  ( F i g .  1 7 ) .

A f i r s t  o r d e r  r a t e  l a w  ca n  be w r i t t e n  f o r  t h e  c h a n g e  i n  

c o n c e n t r a t i o n  o f  t h e  i n t e r m e d i a t e  w i t h  t i m e  as shown i n  t h e  

Eqn.  ( 8 ) .

d [ C ]
-    = k [ C]  ( 8 )

d t

wh e r e
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Fi g.  16 A b s o r b a n c e  t i m e  c u r v e  f o r  t h e  d e c a y  o f  t h e

i n t e r m e d i a t e  s p e c i e s  g e n e r a t e d  upon e l e c t r o l y s i s  o f
2 . 0  mM TPP a t  0 . 8  V i n  pH 7 . 0  p h o s p h a t e  b u f f e r .  
A r r o w  i n d i c a t e s  t i m e  when e l e c t r o d e  was open c i r 
c u i t e d .  At  w a v e l e n g t h  (A)  215  nm,  ( B)  2 4 5  nm and 
( C ) 2  74 n m.
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F i g .  17 (A)  S p e c t r a  o f  2 m M TPP in pH 7.0 p h o s p h a t e  b u f f e r
(ü = 0 . 1 M) u n d e r g o i n g  o x i d a t i o n  a t  0 . 8  V i n  a t h i n -  
l a y e r  c e l l  c o n t a i n i n g  t h e  RVC e l e c t r o d e .  Curve ( 1 )  
i s  t h e  s p e c t r u m  o f  TPP.  A f t e r  r e c o r d i n g  c u r v e  ( 2 )  
t h e  RVC e l e c t r o d e  was open c i r c u i t e d  and t h e  s p e c t 
r a l  changes b e t we e n  cur ves  (3)  and ( 4 )  i n  (B) wer e  
r e c o r d e d .  R e p e t i t i v e  s p e c t r a l  sweeps o f  75. 2 s w i t h  
no i n t e r v a l  b e t w e e n  s we e p s  a r e  shown i n  ( A) .  The  
t i m e  l ap s e d  b e t we e n  c ur v e s  ( 3)  and ( 4 )  i s  15 mi n.
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[ C ] :  c o n c e n t r a t i o n  o f  t h e  i n t e r m e d i a t e  

k : t h e  f i r s t  o r d e r  r a t e  c o n s t a n t  i n  s"^

A s s u m i n g  t h a t  a b s o r b a n c e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  

c o n c e n t r a t i o n ,  t h e  f i r s t  o r d e r  r a t e  l aw can be r e w r i t t e n  as 

shown i n  t h e  Eq n .  ( 9 )

■dA
  = kA ( 9 )
d t

I f  Aq r e p r e s e n t s  t h e  a b s o r b a n c e  o f  t h e  i n t e r m e d i a t e  a t  

t i m e  t = 0 ,  and  A r e p r e s e n t s  t h e  a b s o r b a n c e  o f  t h e  i n t e r m e 

d i a t e  a t  t i m e  t ,  i n t e g r a t i o n  o f  Eqn.  ( 9 ) ,  i .  e . , Eqn.  ( 1 0 ) .

= k d t ( 1 0 )

l e a d s  t o

A A q
- I n  —  = I n  —  = k t  ( 1 1 )

A„ A

or

I n  A = I n Aq -  k t  ( 1 2 )

I f  a p l o t  o f  I n  A t  g i v e s  a s t r a i g h t  l i n e ,  t h e n  t h e

r e a c t i o n  i s  f i r s t  o r d e r .  The s l o p e  o f  t h i s  l i n e  can be used 

t o  c a l c u l a t e  k.  W i t h  t h e  f i r s t  o r d e r  r a t e  c o n s t a n t ,  k , t h e  

h a l f - l i f e  t i m e ,  t ^ / £  can be c a l c u l a t e d  u s i n g  Eqn.  ( 1 3 ) .
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I n  2 0 . 6 9 3
t i / 2  " ---------- ”   ( 1 3 )

k k

T h e  a b s o r b a n c e  c h a n g e s  o f  TPP i n  b o t h  pH 4 . 8  and 7 . 0  

a r e  q u i t e  s m a l l ,  b u t  a n a l y s i s  o f  a b s o r b a n c e  t i m e  c u r v e  

a t  2 1 5 ,  2 5 0 ,  and 2 8 5  nm r e v e a l e d  t h a t  f i r s t  o r d e r  k i n e t i c s  

a r e  f o l l o w e d .  The e x p e r i m e n t a l  r a t e  c o n s t a n t s  a r e  shown i n  

T a b l e  5.  T h e  r a t e  c o n s t a n t  a t  2 1 5  and 2 5 0  nm a r e  t h e  same  

bu t  t h e  r a t e  c o n s t a n t  a t  2 8 5  nm i s  d i f f e r e n t .  He n c e ,  i t  may 

be c o n c l u d e d  t h a t  t h e  d e c a y  o f  t wo  i n t e r m e d i a t e s  i s  o b s e r 

v e d .  I t  s e e m s  t h a t  t h e  i n t e r m e d i a t e  s p e c i e s  m o n i t o r e d  a t  

a r o u n d  2 8 5  nm i s  l e s s  s t a b l e  a t  pH 7 t h a n  a t  pH 4 . 8 .  T h e  

l a g  p e r i o d  o b s e r v e d  a t  pH 4 . 8  s u g g e s t s  t h a t  an i n t e r m e d i a t e  

a t  a r o u n d  2 8 5  nm w h i c h  has  an U. V.  s p e c t r u m  s i m i l a r  t o  TPP 

i s  f o r m e d  d u r i n g  t h a t  p e r i o d .  T h e  g r e a t e r  i n s t a b i l i t y  o f  

t h e  i n t e r m e d i a t e  a b s o r b i n g  a t  a r o u n d  2 8 5  nm a t  pH 7 . 0  

c o m p a r e d  t o  pH 4 . 8  a p p e a r s  t o  be r e l a t e d  t o  t h e  a b s e n c e  o f  

t h e  l a g  p e r i o d  a t  pH 7 . 0 .  I t  must  be n o t e d  h e r e  t h a t  i t  was 

e x c e e d i n g l y  d i f f i c u l t  t o  o b t a i n  r e p r o d u c i b l e  t h i n - l a y e r  

s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r .  O f t e n ,  t h e  e l e c t r o o x i d a 

t i o n  o f  TPP i n t h e  t h i n - l a y e r  c e l l  p r o c e e d e d  e x t r e m e l y  s l ow  

so t h a t  i t  was i m p o s s i b l e  t o  o b s e r v e  i n t e r m e d i a t e  s p e c i e s .  

I t  s e e ms  t h a t  t h i s  e f f e c t  i s  due  t o  f i l m i n g  o f  t h e  RVC 

e l e c t r o d e  s u r f a c e  by one  o r  mo r e  p r o d u c t s .  A c c o r d i n g l y ,  

c o n c l u s i o n s  based on such t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  

r e s u l t s  m u s t  be r e g a r d e d  as s o m e w h a t  t e n t a t i v e .  N e v e r 

t h e l e s s ,  i t  does seem t h a t  u n d e r  t h i n - l a y e r  s p e c t r o e l e c t r o -
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T a b l e  5

O b s e r v e d  f i r s t - o r d e r  r a t e  c o n s t a n t s  f o r  r e a c t i o n  o f  i n t e r m e 

d i a t e s  g e n e r a t e d  upon e l e c t r o c h e m i c a l  o x i d a t i o n  o f  L - t r y p t o 

phan i n  a RVC t h i n - l a y e r  c e l l .

pH ( nm ) k o b s ( s "
1 , a

4 . 8 215 0 . 0 0 3 1 + 0 . 0 0 0 3

4 . 8 250 0 . 0 0 3 0 + 0 . 0 0 0 4

4 . 8 285 0 . 0 0 1 9 + 0 . 0 0 2

7 . 0 213 0 . 0 0 1 9 + 0 . 0 0 0 2

7 . 0 245 0 . 0 0 1 7 + 0 . 0 0 0 1

7 . 0 280 0 . 0 1 4 2 + 0 . 0 0 1

® T h e  a v e r a g e  o f  a t  l e a s t  t h r e e  r e p l i c a t e  m e a s u r e m e n t s  i s  
r e p o r t e d  _+ s t a n d a r d  d e v i a t i o n .
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c h e m i c a l  c o n d i t i o n s  t h e  d e c a y  o f  t w o  i n t e r m e d i a t e s  can be 

o b s e r v e d .  One e x h i b i t s  an a b s o r p t i o n  band a t  a r ou n d  250 nm 

and i t s  d e c o m p o s i t i o n  can  be f o l l o w e d  by t h e  d e c r e a s e  i n  

a b s o r b a n c e  a t  t h i s  w a v e l e n g t h  or  a c o r r e s p o n d i n g  i n c r e a s e  i n  

a b s o r b a n c e  a t  2 1 5 n m .  T h i s  i n t e r m e d i a t e  i s  m o r e  s t a b l e  a t  

n e u t r a l  pH t h a n  a t  l o w e r  pH a n d ,  t h e r e f o r e ,  i t  m i g h t  be  

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

r e d u c t i o n  p e a k  11 .̂ o b s e r v e d  i n  c y c l i c  v o l t a m m o g r a m s  o f  TPP 

( F i g .  9 ) .  The  second i n t e r m e d i a t e  a b s o r b s  a t  c_a. 285  nm and 

i t s  d e c o m p o s i t i o n  can be f o l l o w e d  by t h e  d e c r e a s e  o f  a b s o r 

b a n c e  a t  t h i s  w a v e l e n g t h  a n d  i t  s e e ms  t o  be m o r e  u n s t a b l e  a t  

n e u t r a l  pH t h a n  a t  a c i d  pH.  Such b e h a v i o r  s u g g e s t s  t h a t  

t h i s  i n t e r m e d i a t e  m i g h t  be r e s p o n s i b l e  f o r  t h e  r e d u c t i o n  

peak I   ̂ o b s e r v e d  i n c y c l i c  v o l  t ammogr ams o f  TPP ( F i g .  9 ) .

h j .  L i .  I s o l a t i o n  and i d e n t i f i c a t i o n  o f  e l  e c t r o c h e m  i -  

c a 1 o x i d a t i o n  p r o d u c t s

I s o l a t i o n  o f  e l e c t r o c h e m i c a l  o x i d a t i o n  p r o d u c t s

C o n t r o l l e d  p o t e n t i a l  e l e c t r o o x i d a t i o n s  o f  TPP w e r e  

c a r r i e d  o u t  i n  p h o s p h a t e  b u f f e r s  a t  pH 2 . 3 3 ,  4 . 7 0 ,  7 . 3 6  and  

1 0 . 6 5  a n d  i n  d i l u t e  HCl  ( pH 2 . 4 ) .  I n  a l l  c a s e s  t h e  e l e c t r o -  

l y z e d  s o l u t i o n s  w e r e  d e e p  y e l l o w .  P r o d u c t  s o l u t i o n s  w e r e  

f r e e z e - d r i e d  and t h e  r e s u l t i n g  s o l i d  mass was r e d i s s o l v e d  i n  

c a . 2 m 1 o f  w a t e r  and i n j e c t e d  on t o  a c o l u m n  o f  s e p h a d e x  G-  

10 g e l  p e r m e a t i o n  r e s i n  u s i n g  w a t e r  as t h e  e l u e n t .  Th e  

r e s u l t i n g  l i q u i d  c h r o m a t o g r a m s  we r e  d e p e n d e n t  on t h e  pH of
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t h e  p h o s p h a t e  b u f f e r  used f o r  t h e  e l e c t r o l y s i s ,  t h e  a p p l i e d  

p o t e n t i a l ,  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  TPP and w h e t h e r  or  

n o t  e l e c t r o l y s e s  w e r e  a l l o w e d  t o  p r o c e e d  t o  c o m p l e t i o n  

( i . e . ,  u n t i l  a l l  TPP was o x i d i z e d ) .  R e p r e s e n t a t i v e  l i q u i d  

c h o ma t o g r a ms  a r e  shown i n  F i g s .  18 and 1 9 * .  F i g u r e  18 shows 

l i q u i d  c h r o m a t o g r a m s  o b t a i n e d  f o r  t h e  p r o d u c t  m i x t u r e s  

f o r m e d  by t h e  e l e c t r o o x i d a t i o n  o f  TPP a t  pH 2 . 4 .  A f t e r  

c o m p l e t e  e l e c t r o l y s i s  o f  I m ^  TPP i n p h o s p h a t e  b u f f e r  pH 2. 4  

(u = O . I M )  l i q u i d  c h r o m a t o g r a m s  o f  t h e  r e s u l t i n g  p r o d u c t s  

show f o u r  l i q u i d  c h r o m a t o g r a p h i c  ( LC)  p e a k s  ( A ,  B,  E and F , 

F i g .  1 8 A ) .  LC p e a k s  A and  B a r e  p a r t i a l l y  due  t o  i n o r g a n i c  

p h o s p h a t e .  F o l l o w i n g  c o m p l e t e  e l e c t r o l y s i s  o f  I mM TPP i n  

d i l u t e  HCl  (pH 2 . 4 ) ,  t h e  l i q u i d  c h r o ma t o g r a m o f  t h e  p r o d u c t s  

i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  s hown i n  F i g .  18A i n d i 

c a t i n g  t h a t  o r g a n i c  p r o d u c t s  a r e  e l u t e d  a l o n g  w i t h  p ho s p h a t e  

u n d e r  LC p e a k s  A and B. I f ,  h o w e v e r ,  t h e  e l e c t r o o x i d a t i o n  

o f  l m] i  TPP i s  no t  t a k e n  t o  c o m p l e t i o n  t h e n  t h e  l i q u i d  c h r o 

ma t o g r a m o f  t h e  p r o d u c t s  shows t h a t  LC peak F i s  much l a r g e r  

t h a n  LC p e a k  E and t w o  new s m a l l  LC p e a k s  (C and D) a p p e a r  

( F i g .  1 8 B ) .  LC p e a k  I  i n  F i g .  18B i s  due  t o  u n o x i d i z e d  TPP.  

When a much h i g h e r  c o n c e n t r a t i o n  of  TPP ( 10  mfi )  i s  e l e c t r o -  

l y z e d  i n  d i l u t e  HCl  (pH 2 . 4 ) ,  l i q u i d  c h r o m a t o g r a m s  o f  t h e

★
T h e s e  c h r o m a t o g r a m s  w e r e  o b t a i n e d  o ver  a t i m e  p e r i o d  o f  1 - 2  

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

Th u s ,  t h e r e  a r e  some v a r i a t i o n s  not ed i n e x p e r i m e n t a l  r e t e n 

t i o n  v o l u m e s .
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F i g .  18 L i q u i d  c h r o ma t o g r a ms  of  t he  p r o d u c t s  o f  e l e c t r o 
c h e m i c a l  o x i d a t i o n  o f  t r y p t o p h a n  a t  pH 2 . 4 .  (A)
1 mM TPP o x i d i z e d  a t  1.1 V i n p h o s p h a t e  b u f f e r  (u = 
0 . 1 ) ;  c o mp l e t e  o x i d a t i o n .  (B) 1 mM TPP o x i d i z e d  a t  
1 . 2  V i n d i l u t e  H C l ;  p a r t i a l  o x i d a t i o n .  (C)  10 mM 
TPP o x i d i z e d  a t  1. 2 V in d i l u t e  HCl ;  p a r t i a l  o x i d a 
t i o n .  C h r o m a t o g r a p h y  done on S e p h a d e x  G- 1 0  ( 90  x 
2. 5 cm) u s i n g  w a t e r  as t he  e l u e n t  ( 32  m l h ' l ) .
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F i g .  19 L i q u i d  c h r o ma t o g r a ms  o f  t h e  p r o d u c t s  o f  e l e c t r o c h e 
m i c a l  o x i d a t i o n  o f  t r y p t o p h a n  i n p h o s p h a t e  b u f f e r s  
(u = O . I M ) .  ( A)  2 mM TPP o x i d i z e d  a t  0 . 9  V a t  pH 
4 . 7 ;  c o m p l e t e  o x i d a t i o n .  (B)  2 mM TPP o x i d i z e d  a t  
0 . 9  V a t  pH 4 . 7 ;  p a r t i a l  o x i d a t i o n .  ( C)  0 . 5  mM TPP 
o x i d i z e d  a t  0 . 7 5  V a t  PH 7 . 3 6 ;  c o m p l e t e  o x i d a t i o n .  
(D)  0 . 5  mM TPP o x i d i z e d  a t  1 . 1  V a t  pH 7 . 3 6 ;  c o m
p l e t e  o x i d a t i o n .  ( E)  0 . 5  mM TPP o x i d i z e d  a t  0. 7 V 
a t  pH 1 0 . 6 5 ;  c o m p l e t e  o x i d a t i o n .  ( F )  0 . 5  mM TPP 
o x i d i z e d  a t  0 . 7  V a t  pH 1 0 . 6 5 ;  p a r t i a l  o x i d a t i o n .  
Ch r o ma t o g r a p h y  done on Sephadex G_-l0 ( 90  x 2.5 cm)  
us i n g  w a t e r  as t h e  e l u e n t  (32 ml h "  ) .
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p r o d u c t s  s how t w o  a d d i t i o n a l  p e a k s  (G and  H,  F i g .  1 8 C ) .  

E l e c t r o l y s i s  o f  TPP i n  p h o s p h a t e  b u f f e r  a t  pH 2 . 4  under  t h e  

c o n d i t i o n  o u t l i n e d  i n  F i g .  18B and C g a v e  s i m i l a r  l i q u i d  

c h r o m a t o g r a m s .

The l i q u i d  c h r o m a t o g r a m s  shown i n  F i g .  18 s u g g e s t  t h a t  

c o m p l e t e  e l e c t r o o x i d a t i o n  o f  TPP l e a d s  t o  f o u r  p r o d u c t s  

r e s p o n s i b l e  f o r  LC peaks  A,  B,  E and F.  When r e l a t i v e l y  l ow  

i n i t i a l  c o n c e n t r a t i o n s  o f  TPP ( c a . 1 mj i )  a r e  o n l y  p a r t i a l l y  

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

LC p e a k  F i n c r e a s e s .  T h i s  s u g g e s t s  t h a t  t h e  c o m p o n e n t  r e s 

p o n s i b l e  f o r  LC peak F i s  s l o w l y  o x i d i z e d  a t  t h e  p o t e n t i a l s  

u s e d  t o  o x i d i z e  TPP.  S i m i l a r l y ,  LC p e a k s  C a n d  D a p p e a r  i f  

TPP i s  p a r t i a l l y  o x i d i z e d  i n d i c a t i n g  t h a t  t h e y  a r e  due  t o  

c o m p o u n d s  w h i c h  can be o x i d i z e d  a t  p e a k  l a  p o t e n t i a l s .  LC 

p e a k s  G a n d  H ( F i g .  1 8 C )  a p p e a r  o n l y  wh e n  h i g h  i n i t i a l  

c o n c e n t r a t i o n s  o f  TPP (jca .̂ l O mM )  a r e  u s e d  a n d  t h e  e l e c t r o 

o x i d a t i o n  i s  n o t  t a k e n  t o  c o m p l e t i o n .  T h i s  a g a i n  s u g g e s t s  

t h a t  t h e  c o m p o n e n t s  r e s p o n s i b l e  f o r  LC p e a k s  G and H a r e  

e l e c t r o c h e m i c a l l y  o x i d i z a b l e .

F i g u r e  19 shows l i q u i d  c h r o m a t o g r a m s  o f  p r o d u c t  m i x t u r e  

o b t a i n e d  by e l e c t r o o x i d a t i o n  o f  TPP i n  p h o s p h a t e  b u f f e r s  a t  

pH 4 . 7 ,  7 . 3 6  and  1 0 . 6 5 .  I n  a l l  c a s e s  LC p e a k s  A and B a r e  

p a r t i a l l y  due t o  i n o r g a n i c  p h o s p h a t e .  The  l i q u i d  c h r o m a t o 

gr ams o b t a i n e d  f o r  t h e  p r o d u c t  m i x t u r e s  f o r m e d  a t  pH 4.7 and 

7 . 3 6  ( F i g .  1 9 A ,  B, C) a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  f o r
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p r o d u c t  m i x t u r e s  f o r m e d  a t  pH 2 . 4  ( F i g .  1 8 ) .  The l i q u i d  

c h r o m a t o g r a m  shown i n  F i g .  19D d e m o n s t r a t e s  t h a t  c o m p l e t e  

e l e c t r o o x i d a t i o n  o f  TPP a t  a p o t e n t i a l  350 mV mor e  p o s i t i v e  

t h a n  p e a k  I ^  r e s u l t s  i n  t h e  d i s a p p e a r a n c e  o f  LC p e a k s  C - H .  

T h i s  e f f e c t  was n o t e d  a t  a l l  pH v a l u e s  s t u d i e d .  A f t e r  c o m 

p l e t e  e l e c t r o l y s i s  o f  TPP a t  pH 10 . 65  l i q u i d  c h r o m a t o g r a m o f  

t h e  p r o d u c t s  s hows  o n l y  LC p e a k s  A and B ( F i g .  1 9 E ) ,  H o w 

e v e r ,  t h e  p r o d u c t s  o f  p a r t i a l  e l e c t r o l y s i s  show a l a r g e  peak  

( C )  w h i c h  has  a r e t e n t i o n  v o l u m e  s i m i l a r  t o  t h a t  o f  LC 

p e a k s  C and  D.

The above  l i q u i d  c h r o m a t o g r a p h i c  s t u d i e s  i n d i c a t e  t h a t  

i n c o m p l e t e  e l e c t r o l y s i s  o f  r e l a t i v e l y  l ow c o n c e n t r a t i o n s  o f  

TPP (< 2 mM) a t  pH < 7 . 0  l e a d s  t o  p r o d u c t s  r e s p o n s i b l e  f o r

LC p e a k s  A,  B,  C,  D,  E,  and  F.  P a r t i a l  e l e c t r o l y s i s  o f

h i g h e r  c o n c e n t r a t i o n s  o f  TPP (c_a. 10 mM)  g i v e s  LC p e a k s  G 

and H ( F i g . 1 8 ) ,  i n  a d d i t i o n  t o  LC p e a k s  A,  B,  C,  D,  E,  and

F. C o m p l e t e  e l e c t r o l y s i s  o f  TPP a t  pH 2 . 4  a nd  4 . 7  c a u s e s

e l i m i n a t i o n  o f  t h e  p r o d u c t s  r e s p o n s i b l e  f o r  LC peaks  C and 0 

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

r e s p o n s i b l e  f o r  LC p e a k  F.  A t  pH 1 0 . 6 5  t h e  p r o d u c t s  o f  

c o m p l e t e  e l e c t r o l y s i s  l e a d s  t o  t h e  a p p e a r a n c e  o f  o n l y  LC 

p e a k s  A and  B.

The d e c r e a s e  or  d i s a p p e a r a n c e  o f  LC p e a k s  C- H f o l l o w i n g  

c o m p l e t e  e l e c t r o l y s i s  o f  TPP shows t h a t  t h e  compounds r e s 

p o n s i b l e  f o r  t h e s e  peaks  a r e  e l e c t r o c h e m i c a l l y  o x i d i z a b l e  a t  

p e a k  p o t e n t i a l s .  T h e  t o t a l  e l i m i n a t i o n  o f  LC p e a k s  C- H
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i s  o b s e r v e d  when  TPP i s  e l e c t  r o l y  ze d  a t  v e r y  h i g h  p o s i t i v e  

p o t e n t i a l s  (c_a. 1 . 3  V ) .  T h e s e  o b s e r v a t i o n s  i n d i c a t e  t h a t  

t h e  p r o d u c t s  e l u t e d  under  LC pe aks  C-H a r e  f u r t h e r  o x i d i z e d  

a t  such p o t e n t i a l s  t o  g i v e  s p e c i e s  wh i c h  a r e  r e s p o n s i b l e  f o r  

LC p e a k s  A a n d  B.

I d e n t i f i c a t i o n  o f  e 1e c t r o o x i d a t i o n  p r o d u c t s

L i q u i d  c h r o m a t o q r a p h i c  component  A

The c o mp o n e n t  e l u t e d  u n d e r  LC peak A was a p a l e  y e l l o w  

s o l i d .  I t s  U. V.  s p e c t r u m  i n  w a t e r  e x h i b i t e d  a s h o u l d e r  a t  

ca.  205  nm.  T h i s  c ompone nt  gave  no v o l t a m m e t r i c  o x i d a t i o n  

o r  r e d u c t i o n  p e a k s  a t  t h e  PGE i n  a q u e o u s  p h o s p h a t e  b u f f e r s  

b e t w e e n  pH 2 . 0 - 1 1 . 0  o r  i n  d i l u t e  HCl  pH 2 . 4 .  Ma s s  s p e c 

t r o m e t r y  o f  t h e  s o l i d  m a t e r i a l  d i d  n o t  g i v e  u s e f u l  mass  

s p e c t r a l  d a t a .  FAB-MS u s i n g  g l y c e r o l  or  t h i o g l y c e r o l  as t he  

l i q u i d  m a t r i x  was a l s o  u n s u c c e s s f u l .  A t t e m p t s  t o  d é r i v â t i z e  

t h e  s o l i d  w i t h  a v a r i e t y  o f  s i l y l a t i n g  a g e n t s  u n d e r  many 

d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s  wer e  u n s u c c e s s f u l  in t he  

sense t h a t  t h e  p r o d u c t  s o l u t i o n s  d i d  not  g i v e  any GC peaks.

T h e  c o m p o n e n t  r e s p o n s i b l e  f o r  LC p e a k  A e m e r g e s  v e r y  

r a p i d l y  f r o m  a col umn o f  Se p h a de x  G- 10  gel  p e r m e a t i o n  r e s i n  

( r e t e n t i o n  v o l u me  ca_. 150 m l .  F i g s .  18 and 1 9 ) .  T h i s  i n f o r 

m a t i o n  a nd  t h e  f a i l u r e  t o  o b t a i n  a mass s p e c t r u m  or  a 

v o l a t i l e  t r i m e t h y l  s i l y l  d e r i v a t i v e  su g ge s t s  t h a t  LC compo

ne n t  A i s p r o b a b l y  an o l i g o m e r i c  or  p o l y m e r i c  m a t e r i a l .
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L i q u i d  c h r o m a t o g r a p h i  c component  ^

T h e  c o m p o n e n t  e l u t e d  u n d e r  LC p e a k  B wa s  a b r i g h t

y e l l o w  s o l i d .  I n w a t e r  i t s  U. V. s p e c t r u m  e x h i b i t e d  s h o u l 

d e r s  a t  2 9 0 ,  2 3 5  and 2 0 5  nm.  T h e  s h o u l d e r  a t  2 9 0  nm e x t e n 

ded b e y o n d  3 8 0  nm r e s u l t i n g  i n  t h e  y e l l o w  c o l o r  o f  t h e

s o l u t i o n .  T h i s  p r o d u c t  g a v e  no v o l t a m m e t r i c  o x i d a t i o n  o r  

r e d u c t i o n  pea ks  a t  t h e  PGE b e t we e n  pH 2 . 0 - 1 1 . 0 .  MS and FAB-  

MS ( g l y c e r o l  or  t h i o g l y c e r o l  m a t r i x )  f a i l e d  t o  g i v e  u s e f u l  

mass s p e c t r a l  i n f o r m a t i o n .  S i m i l a r l y  s i l y l a t i o n  w i t h  BSA,  

BSTFA and MTBSTFA in v a r i o u s  s o l v e n t s  ( p y r i d i n e ,  DMF,  a c e t o -  

n i t r i l e )  d i d  n o t  g i v e  a v o l a t i l e  d e r i v a t i v e  w h i c h  c o u l d  be 

a n a l y z e d  by gas c h r o m a t o g r a p h y .  T h u s ,  i t  i s  t e n t a t i v e l y  

c o n c l u d e d  t h a t  LC co mp o n e nt  B i s p r o b a b l y  an o l i g o m e r i c  or  

p o l y m e r i c  compound.

L i q u i d  c h r o ma t o g r a p h  i c component s  C and D̂ *

T h e  c o m p o n e n t s  e l u t e d  u n d e r  LC p e a k s  C and  D w e r e  a 

v e r y  p a l e  y e l l o w  s o l i d s .  I n  w a t e r  c o mp o n e n t s  C and D showed  

i d e n t i c a l  U. V.  s p e c t r a  ( A  max = 2 9 3 ,  2 3 3 ,  a n d  2 0 5  nm.  F i g .  

2 0 ) .  The  y i e l d s  o f  LC c o mp o n e n t s  C and D w e r e  e x t r e m e l y  

s m a l l  ( << 1 mg f o l l o w i n g  a b o u t  60% e l e c t r o o x i d a t i o n  o f  1 0  mg 

o f  TPP) .  The y i e l d  of  c o mp o n e n t s  C and D i s  a p p r o x i m a t e l y  

< 5% o f  TPP o x i d i z e d .  Component s  C and D a r e  e l e c t r o c h e m i -

*  I n  many  l i q u i d  c h r o m a t o g r a m s  LC pe a k  C a nd  D e m e r g e d  as a 

s i n g l e  p e a k .
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F i g .  20 U.V.  spec t r um o f  LC component s  C and D in wa t e r .
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c a l l y  a c t i v e .  At  a s l o w  s we e p  r a t e  ( £a .  5 m V s " ^ ) ,  a s i n g l e  

v o l t a m m e t r i c  o x i d a t i o n  p e a k  was  o b s e r v e d  a t  t h e  PGE { F i g .  

2 1 A ) .  T h e  l i n e a r  Ep PH r e l a t i o n s h i p  f o r  t h i s  p e a k  a t  a 

s we e p  r a t e  o f  5 rnVs”  ̂ i s  g i v e n  by Eqn.  ( 1 4 ) .

Ep ( pH 2 . 0  -  1 1 . 0 )  = [ 0 . 9 9  -  0 . 0 5 2  pH]  V ( 1 4 )

A t  f a s t e r  s we e p  r a t e s  (c_a. 2 0 0  m V s " ^ ) ,  t h i s  p e a k  r e 

s o l v e s  i n t o  t w o  o v e r l a p p i n g  p e a k s  and  an i n d i s t i n c t  t h i r d  

o x i d a t i o n  peak  a p p e a r s  a t  p o t e n t i a l s  c l o s e  t o  t h e  b a c k gr ound  

d i s c h a r g e  ( F i g .  2 1 B) .  A t y p i c a l  c y c l i c  v o l t a m m o g r a m  o f  

c o m p o n e n t s  C and D a t  pH 7 . 0  i s  s hown i n  F i g .  2 2 .  C o m p a r i 

son o f  t h i s  c y c l i c  v o l t a m m o g r a m  w i t h  t h a t  o f  TPP a t  t h e  same  

pH ( F i g .  90 )  shows r e m a r k a b l e  s i m i l a r i t i e s  s u g g e s t i n g  t h a t  

c o m p o n e n t s  C and 0 a r e  e l e c t r o c h e m i c a l l y  o x i d i z e d  t o  t h e  

s i m i l a r  i n t e r m e d i a t e s  and p r o d u c t s  as TPP.  F u r t h e r m o r e ,  t h e  

peak p o t e n t i a l  f o r  o x i d a t i o n  o f  component s  C and 0 a r e  v e r y  

c l o s e  t o  t h a t  o f  TPP.  MS on component  C ( 70  eV,  2 0 0 ° C )  gave  

t h e  f o l l o w i n g  r e s u l t s ,  m / e  ( r e l a t i v e  a b u n d a n c e ) :  2 2 2

( 1 . 0 % ) ,  2 2 1  ( 9 . 2 % ) ,  2 2 0  (M + , 5 6 . 9 % ) ,  2 0 4  ( 0 . 3 % ) ,  2 0 3  ( 1 . 0 % ) ,  

2 0 2  ( M ^ - H g O ,  4 . 3 % ) ,  1 7 7 (2 3.  7 % ) ,  1 7 6  ( 1 1 . 5 % ) ,  1 7 5  (M + - COOH,

2 2 . 2 % ) ,  1 5 9  ( 4 . 9 % ) ,  1 5 8  ( M ^ - C O O H - H g O ,  2 4 . 2 % ) ,  1 4 8  ( 1 7 . 5 % ) ,  

147  ( 6 9 . 9 % ) ,  1 4 6  ( M' ^ - CH 2 CH ( N H 2  ) COOH, 1 0 0 . 0 % ) ,  1 2 0  (2 5. 3%) ,  

119 ( 1 6 . 4 % ) ,  118 ( 20 . 1%) .  Component  0 under  t h e  same c o n d i 

t i o n s  ga v e  a v i r t u a l l y  i d e n t i c a l  mass s p e c t r u m .  Component s  

C and D (c_a. l OOu g )  c o u l d  be  d é r i v â t  i z e d  by r e a c t i n g  w i t h  

BSA o r  BSTFA ( 1 0 0  u 1 ) i n  p y r i d i n e  ( 5 0  u 1 ) and  d i m e t h y l  s u l 

f o x i d e  ( 5 0  u 1)  i n  a s e a l e d  v i a l  a t  r o o m t e m p e r a t u r e  f o r  24
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F i g .  21 L i n e a r  sweep vol  tammograms o b t a i n e d  a t  t he  PGE o f  
LC component s C and D i n p h o spha t e  b u f f e r  pH 7.0 (u 
= 0 . 5  M) .  Swe e p  r a t e :  (A) 5 mVs" , ( B)  2 0 0 m V s ' ^ .
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F i g .  22 C y c l i c  v o l t a m m o g r a m  o f  LC c o m p o n e n t s  C and D 
o b t a i n e d  a t  t he  PGE in pH 7.0 phos pha t e  b u f f e r  (u = 
0 . 5  M ) .
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h r .  T h e  t r i m e t h y l  s i l y l  d e r i v a t i v e  o f  c o m p o n e n t  C g a v e  a 

l a r g e  GC p e a k  a t  t[^ = 3 0 . 9  m i n  w h i l e  t h a t  o f  c o m p o n e n t  D 

g a v e  a GC p e a k  a t  t = 3 1 . 4  m i n  ( F i g .  2 3 ) .  E l -  a nd  C I - M S  o f  

t h e  p r o d u c t s  e l u t e d  under  t h e s e  peaks showed t h a t  t h e  t r i m e -  

t h y l s i l y l  d e r i v a t i v e s  o f  c o mp o n e n t s  C and D b o t h  had a mo l a r  

mass  o f  4 3 6  g and  s i m i l a r  G C - m a s s  s p e c t r a  ( T a b l e s  6  and 7 ) .  

S i n c e  t h e  m o l e c u l a r  w e i g h t  o f  b o t h  c o m p o n e n t s  C and  D i s  220  

t h e y  mu s t  b o t h  f o r m t r i - t r i m e t h y l s i l y l  d e r i v a t i v e s .

T h e  t r i c y c l i c  p y r r o l o i n d o l e ,  2 - c a r b o x y - 3 a - h y d r o x y -  

l , 2 , 3 , 3 a , 8 , 8 a - h e x a h y d r o p y r r o l o - ( 2 , 3 b ) - i n d o l e  ( 2 ) ,  s h o w s  

i d e n t i c a l  U.V.  and mass s p e c t r a  and e l e c t r o c h e m i c a l  b e h a v i o r  

t o  t h a t  r e p o r t e d  above f o r  c o mponent s  C and D. F u r t h e r m o r e ,  

c h e m i c a l l y  s y n t h e s i z e d  2  was r e s o l v e d  i n t o  t w o  p e a k s  by 

l i q u i d  c h r o m a t o g r a p h y  on S e p h a d e x  G - 1 0  u s i n g  w a t e r  as t h e  

e l u e n t .  T h e s e  t w o  LC p e a k s  had t h e  same r e t e n t i o n  v o l u m e s  

as LC c o m p o n e n t s  C and D,  r e s p e c t i v e l y .  S i m i l a r l y  h i g h  

p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  u s i n g  a co l umn o f  Shodex OH -  

Pak ( 5 0  X 2 cm)  u s i n g  w a t e r  as  t h e  e l u e n t  ( 3  ml  m i n " M  g a v e  

t w o  p e a k s  ( t p  = 1 6 . 4  and  1 8 . 1  m i n )  ( F i g . 2 4 ) .  Bot h  HPLC

OH

__H

OH

f r a c t i o n s  g a v e  a t r i m e t h y l s i  l y l  d e r i v a t i v e  (GC and GC- MS)
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T a b l e s .  GC-MS data for  l iq u id  chromatographic component C formed by electrochemical oxidat ion of tryptophan

Der ivat ive  Retention Ion iza t ion  Major MS Peak/ Compound
time/mln type m/e ( r e l a t i v e  abundance)

BSA 30.9 El

DSA 30.4 Cl

437 (1.1%); 436 (M+, 2.3%); 421 (M+-CH3 , 1.2%);

366 (3.7%);  365 (9,0%); 364 (M+-72, 31.4%);

351 ( 1 . 6 %); 350 (3.3%);  349 (M+-72-CH^, 12.2%);

321 (14 .7%);  320 (13.2%);  319 (M+'COOSKCHj) ],

31%); 249 (9.5%);  248 (27.5%); 247 (M+-C0051- 

(0 1 1 3 )3 - 7 2 , 100%); 220 (24.7%); 219 (31.4%); 218 

(77.9%); 205 (9.7%);  205 (18.0%); 204 (25%);

159 (6.4%);  150 (40.9%); 157 (95.8%); 149 (4%);

148 (6,9%);  147 (25.3%); 132 (10.7%); 131 (17.1%);  

130 (72.2%).

465 (M+C^llg. 7.8%); 439 (6 .5%);  438 (19%);

437 (M+H+, 56.4%); 436 (M+, 33.8%); 423 

(13.9%); 422 (30.7%); 421 (M+-CH3 . 87.9%); 366 

(10.7%); 365 (27.9%); 364 (M+-72, 28.7%); 351 

(5.6%); 350 (11.2%); 349 (M+-7 2 -CH3 , 47.4%);

321 (18.1%); 320 (51.6%); 319 (34.9%); 249 (8.7%);

248 (24.1%); 247 (29.8%); 220 (14.3%); 219 (17.6%);

218 (47.4%); 206 (30.1%); 205 (16.4%); 204 (19.6%);
176 (20,1%); 175 (21%); 174 (100%).

O)
O)

__COOH



Table 7. GC-MS data for  l i qui d chromatographic component D formed by electrochemical  oxi dat ion of  tryptophan

Der i vat i ve Retent ion I oni zat i on Major MS Peak/
t ime/min type m/e ( r e l a t i ve  abundant)

Compound

DSA 31. A El

BSA 31.4 Cl

430 ( 6 . 6 %); 437 (14.5%);  436 (M+. 39.4%); 423 

(2%); 422 (4.5%);  421 (M+-CII3 , 11.7%); 366 (1.7%);  

365 (3.9%);  364 (M+-72.  13.0%); 351 (0.0%);  350 

(2%); 349(M+-72-Cll3,  6 . 6 %); 321 (10.1%);  320 

(36.1%);  319 (M^-COOSi( 0 1 1 3 ) 3 , 100%); 249(3.4%);

240 (9.0%);  247 (M^-COOSi ( 0 1 1 3 ) 3 - 7 2 , 40.7%);  220 

(19.5%);  219 (10.9%);  210 (39.4%);  206 (7.2%);

205 (16.5%);  204 (40.4%);  159 (2.5%);  150 (10.9%);  

157 (37.7%);  149 (5.4%);  140 (5.2%);  147 (23.9%);  

132 (5.5%);  131 (13.3%);  130 (74.6%)

477.2 (M+C3 H5 . 1.6%); 457 (1.2%);  466 (3.3%);

465 (M+CpHg, 10.6%); 43 9 (0%); 430 (23.9%);

437 ( M+H\  62.0%);  436 (M^45.9%) ;  423 (17.1%);

422 (36.5%);  421 (M+-CH3 , 100%); 349 (19.7%);

340 (21.5%);  347 (M^-OSi( 0 0 3 ) 3 , 62.1%):  321 (3.1%);  

320 (9.0%);  319 (M^-COOSt( 0 0 3 ) 3 . 13-7%):
(1.0%);  240 (5.2%);  247 (6.0%);  220 (4%); 219 

(45%); 210 (17.1%);  206 (7.4%);  205 (0.7%);
204 (0.5%);  176 (3.4%);  175 (5.5%);  174 (10.9%).

O)

H H H COOH
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F i g .  2 4 HPLC c h r o ma t o g r a m o f  c h e m i c a l l y  s y n t h e s i z e d  t r i c y 
c l i c  p y r r o l o i n d o l e  on a co l umn o f  Shodex OH-Pak ( 50  
X 2 cm) u s i n g  w a t e r  as t h e  e l u e n t  (3 m l m i n " ) .
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i d e n t i c a l  t o  t h a t  f o r me d  w i t h  c o mponent s  C and D. Hence ,  i t  

i s  h i g h l y  p r o b a b l e  t h a t  LC c o mp o n e n t s  C and D a r e  s t e r e o i s o 

mers o f  t h e  t r i c y c l i c  p y r r o l o i n d o l e  2  shown above .

L i q u i d  c h r o m a t o q r a p h i c  peak  C '

T h e  c o m p o n e n t  e l u t e d  u n d e r  LC p e a k  C  ( F i g .  1 9 F )  was a 

w h i t e  s o l i d .  I t s  U.V.  s p e c t r u m  i n w a t e r  e x h i b i t e d  c h a r a c t e 

r i s t i c  a b s o r p t i o n  bands a t  ^  niax " 2 8 8 ,  229  ( s h ) ,  and 200 nm 

( F i g .  2 5 ) .  T h i s  s p e c t r u m  i s  s i m i l a r  t o  t h a t  o f  t h e  t r i c y 

c l i c  p y r r o l o i n d o l e  ( 3 J .  A t  pH 1 0 . 6  LC c o m p o n e n t  C  e x h i 

b i t s  v e r y  w e l l - d e f i n e d  b a n d s  a t  )^niax “ 2 8 2 ,  2 3 1 ,  and  212  nm 

( F i g .  2 6 ) .  I t  ha s  b e e n  f o u n d  t h a t  d i o x i n d o l y l a l a n i n e  ( 2 )  

i m m e d i a t e l y  a f t e r  d i s s o l v i n g  i n  pH 10 . 6  p h o s p h a t e  b u f f e r  

(u = 0 . 5 M )  s h o w s  a b s o r p t i o n  b a n d s  a t  A  = 2 8 0  , 2 5 8  ( s h ) ,  

2 3 9 ,  a n d  2 1 4  nm.  H o w e v e r ,  t h i s  s p e c t r u m  t o t a l l y  c h a n g e s  

o v e r  t h e  p e r i o d  o f  30 m i n u t e s  t o  g i v e  new a b s o r p t i o n  bands  

a t  A  2 8 2 ,  2 3 1  , and 2 1 2  nm ( F i g .  2 7 ) .  A t  pH 1 0 . 6 5  t h e  

t r i c y c l i c  p y r r o l o i n d o l e  3 s h o w s  b a n d s  a t  A = 2 8 9 ,  2 3 4  

and 2 0 9  nm.  T h e s e  d a t a  i n d i c a t e  t h a t  a t  h i g h  pH (c_a. pH 

1 0 . 6 )  d i o x i n d o l y a l a n i ne ( 2)  r e a c t s  t o  g i v e  LC comp o n e n t  C  

and t h a t  t h e  l a t t e r  compound must  have a s i m i l a r  s t r u c t u r e  

t o  t r i c y c l i c  p y r r o l o i n d o l e  (2 ) . One r a t i o n a l  e x p l a n a t i o n  is 

t h a t  d i o x i n d o l y l a l a n i n e  (2 ) c y c l i z e s  a t  h i g h  pH (c_a. pH 

1 0 . 6 5 )  t o  g i v e  2 - c a r b o x y - 3 a , 8 a - d i h y d r o x y - l , 2 , 3 , 3 a , 8 , 8 a - h e x a -  

h y d r o - p y r r o l 0 - ( 2 , 3 b ) - i n d o l e  ( 2 2 )  as sh o wn  i n  E q n . 15 .  The  

l a t t e r  c o m p o u n d  w o u l d  be e x p e c t e d  t o  h a v e  a v e r y  s i m i l a r  

U. V.  s p e c t r u m  t o  t h a t  o f  t h e  t r i c y c l i c  p y r r o l o i n d o l e  2  a^d
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F i g .  25  U. V.  s p e c t r u m  o f  LC c o m p o n e n t  C  i n  w a t e r .
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U. V .  s p e c t r u m  o f  LC c o m p o n e n t  C  i n  pH 1 0 . 6 5  phos  
p h a t e  b u f f e r  (u = 0 . 5  M) .
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F i g .  27 U.V.  s p e c t r a  o f  d i o x i n d o l y l a l a n i n e  i n  pH 10 . 65  
p h o s p h a t e  b u f f e r  (u = 0. 5 M).  ( 1 )  i m m e d i a t e l y  a f t e r  
d i s s o l v i n g ,  ( 2 )  a f t e r  30 mi n .
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t h e  i n t r a m o l e c u l a r  c y c l i z a t i o n  o f  ^  w o u l d  be g r e a t l y  

e n hance d  a t  h i g h  pH ( c a . 1 0 . 6 5 )  o wi n g  t o  c o m p l e t e  d e p r o t o n a 

t i o n  o f  t h e  e x o c y c l i c  a m i n o  g r o u p .  LC c o m p o n e n t  C  g a v e  

a t r i m e t h y l s i  l y l  d e r i v a t i v e  i d e n t i c a l  (GC and GC- MS)  t o  t h a t  

f o r me d  w i t h  d i o x i n d o l y l a l a n i n e .  T h i s  s u g g e s t s  t h a t  LC com

p o n e n t  C  c o n v e r t s  b a c k  t o  d i o x i n d o l y l a l a n i n e  d u r i n g  t h e  

s i l y l a t i o n  r e a c t i o n .  T h u s ,  i t  i s  c l e a r  t h a t  LC component  C  

i s  2 - c a r b o x y - 3 a , 8 a - d i h y d r o x y - l , 2 , 3 , 3 a , 8 , 8 a - h e x a - h y d r o p y r r 0 -  

l o - ( 2 , 3 b ) - i n d o l e  w h i c h  a t  h i g h  pH i s  f o r m e d  by c y c l i z a t i o n  

o f  d i o x i n d o l y l a l a n i n e .

HQ .  COOH Low pH -  %

•N^ - 0  "'9^ P"
H

8 13

MSI

O H " C °O H

L i q u i d  c h r o m a t o g r a p h i c  component  E

LC c o m p o n e n t E  was  a w h i t e  s o l i d .  I n  w a t e r  c o m p o n e n t  E 

showed v e r y  w e l l - d e f i n e d  U.V.  a b s o r p t i o n  bands a t  2 8 7 ,

253  and 2 0 5  nm ( F i g .  2 8 ) .  LC component  E was e l e c t r o c h e m i 

c a l l y  a c t i v e .  A t  a s w e e p  r a t e  o f  5 m V s " ^ ,  LC c o m p o n e n t  E 

shows a s i n g l e  v o l t a m m e t r i c  o x i d a t i o n  peak a t  t h e  PGE ( F i g .  

2 9 A ) .  T h e  l i n e a r  Ep _vi« pH r e l a t i o n s h i p  f o r  t h i s  pe a k  a t  a

sweep r a t e  o f  5 mVs"^ i s  shown i n  Eqn.  16.  T hus ,  LC

E p ( p H  2 . 0  -  1 1 . 0 )  = [ 1 . 3 7  -  0 . 0 6 5  pH]  V ( 16 )
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F i g .  28  U.V.  s p e c t r u m  o f  LC component  E i n  w a t e r .
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F i g .  29 L i n e a r  sweep v o l t a mmo g r a ms  o b t a i n e d  a t  t h e  PGE o f  
LC c o m p o n e n t  E i n  pH 7 . 0  p h o s p h a t e  b u f f e r  ( u =  
0 . 5  M) .  Sweep r a t e :  (A) 5 mVs"^ and (B) 200 mVs" .
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co mponent  E i s e l e c t r o c h e m i c a l l y  o x i d i z e d  a t  mor e  p o s i t i v e  

p o t e n t i a l s  t h a n  i s  TPP.  A t  f a s t e r  sweep r a t e s  LC component  

E g i v e s  t h r e e  c l o s e l y  s p a c e d  o x i d a t i o n  p e a k s ( F i g .  2 9 B ) .  A 

t y p i c a l  c y c l i c  v o l t a m m o g r a m  o f  LC c o m p o n e n t  E a t  pH 7 . 0  i s  

s hown i n  F i g .  30 .  On t h e  s e c o n d  c y c l e  no w e l l  d e f i n e d  

r e d u c t i o n  o r  o x i d a t i o n  p e a k s  a p p e a r .  Mass  s p e c t r o m e t r y  o f  

t h e  s o l i d  ( 7 0  e V ,  2 0 0 ° C )  g a v e  t h e  f o l l o w i n g  r e s u l t s ,  m/ e  

( r e l a t i v e  a b u n d a n c e ) :  2 3 7  ( 0 . 7 % ) ,  2 3 6  ( M + ,  7 . 3 % ) ,  2 2 0

( 1 . 6 % ) ,  2 1 9  ( 1 . 1 % ) ,  2 1 8  (M + ' M g O ,  9 . 2 %) ,  2 0 2  ( 0 . 9 % ) ,  201

( 2 . 3 % ) ,  2 0 0  ( 6 . 7 % ) ,  1 7 6  ( 1 . 1 % ) ,  1 7 5  ( 1 0 . 7 % ) ,  1 7 4  ( 6 2 . 1 % ) ,

1 7 3  ( 2 9 . 4 % ) ,  1 4 7  ( 1 7 . 1 % ) ,  1 4 6  ( 1 0 0 % ) ,  1 4 5  ( 4 7 . 9 % ) ,  1 4 4  

( 1 1 . 1 % ) ,  1 3 1  ( 1 1 . 2 % ) ,  1 30 ( 6 2 . 7 % ) ,  129  ( 2 2 . 4 % ) ,  1 2 8  ( 2 1 . 9 % ) ,  

121 ( 1 0 . 6 % ) ,  1 2 0  ( 7 1 . 5 % ) ,  1 1 9  ( 2 1 . 7 % ) ,  118  ( 2 3 . 9 % ) ,  117

( 2 9 . 1 % ) ,  1 0 4  ( 1 1 . 8 % ) ,  103  ( 1 3 . 3 % ) ,  102 ( 1 1 . 0 % ) .

C o m p o n e n t  E (c_a. 5 0 0  ug)  wa s  d é r i v â t i z e d  w i t h  BSA ( 70  

u 1 ) i n  a c e t o n i t r i l e  ( 7 0  u 1 ) i n  a s e a l e d  v i a l  a t  r o o m  t e m p e 

r a t u r e  o v e r n i g h t  o r  a t  1 2 0 ° C  f o r  30 m i n .  E l -  a n d  C I - M S  on 

t h e  r e s u l t i n g  t r i m e t h y l  s i l y l  d e r i v a t i v e  g a v e  a s i n g l e  GC 

p e a k  a t  t  p = 3 6 . 2  mi n  ( F i g .  3 1 ) .  The  comp ou n d  e l u t e d  u n d e r  

t h i s  p e a k  had  a m o l a r  ma ss  o f  5 2 4  g ( T a b l e  8 ) .  D e r i  v a t  i z a -  

t i o n  w i t h  BSA- dg under  t h e  same c o n d i t i o n s  gave a s i n g l e  GC 

peak (t[^ = 34. 2  mi n ) .  C I - M S  o f  t h i s  d e r i v a t i v e  showed i t  t o  

h a v e  a m o l a r  mass o f  56 0  g ( T a b l e  8 ) .  T h e s e  ma s s  s p e c t r a l  

d a t a  i n d i c a t e  t h a t  LC compone nt  E has a m o l e c u l a r  w e i g h t  of  

2 3 6  and t h a t  i t  f o r m s  a t e t r a - t r i m e t h y l s i l y l  d e r i v a t i v e .  

A u t h e n t i c  d i o x i n d o l y l a l a n i n e  { 8 )  shows i d e n t i c a l  U. V. ,  mass
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F i g .  30 C y c l i c  v o l  t a mmo g r a m o f  LC c o m p o n e n t  E o b t a i n e d  a t  
t h e  PGE i n  pH 7 . 0  p h o s p h a t e  b u f f e r  (u = 0 . 5  M) .
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Table 8 . GC-MS data for  l i qui d chromatographic component E formed by electrochemical  oxidat i on of  tryptophan

Der i vat i ve Retent ion I oni zat i on Major MS peak/  Compound
time/min type m/e ( r e l a t i v e  abundance)

BSA 36.2

BSA 36.2

.3 . 0.4%)  

336 (0.2%)  

279 (1.6%)  

246 (1.1%)  

220 ( 2 . 6%) 

192 (1.3%)

419 (0.2%)  

294 (1.8%)  

278 (0.7%)  

245 (3.3%)  

206 (1.5%)  

191 (1.2%)

184 (14.9%);  183 (100%);  

147 (12.6%).

565 (M+C3 H5 , 1.0%);

El 524 (M+. 0.5%);  509 (M+-CH

403 (0.2%);  365 (0.7%)

293 (5.9%);  292 (4.3%)
277 (1.9%);  247 (0.0%)

222 (0.5%);  221 ( 1 . 0 %)

205 (2.6%);  204 (1.7%)

190 (1.6%);  185 (5.3%)

149 (2.2%);  140 (2.5%)

Cl 567 (0.4%);  565 ( 0 . 6 %)

555 (2.5%);  554 (4%); 553 (M+CgHr, 9.1%);
527 (10%); 526 (24.5%);  525 (M+H*, 52.8%);

524 (M+, 35.7%);  511 (23.7%);  510 (44.9%);

509 (M+-CH3 , 100%); 454 (5.9%);  453 (14.9%);  

452, (M+-72,  6 . 8 %); 437 (27.6%);  436 (10.5%);

21.3%);  365 (6,2%);  364 

17.3%); 320

(1.2%);  319 (3.9%);  318 (1.1%);  294 (1.3%);

293 (2.5%);  292 (3.7%);  279 (1.7%);  278 (0.8%);  

277 (1.0%);  247 (3.3%);  246 (3.8%);  245 (3.2%).

435 (M+-0S1(CIL) ] ,

(6.2%);  363 (M -NH-2xSi (CH^)^,

■Vj
CO

COOH

8



Table 8 (continued)

Der i vat i ve Retent ion I oni zat i on Major MS peaks/
time/min type m/e ( r e l a t i v e  abundance)

Compound

dg-BSA 34.2 Cl 603 (0.7%);  602 (1.2%);  601 (M+C3 H5 , 2.3%);

591 (3.5%);  590 (6.7%);  (M+Cgliy 14.1%);  563 

( 1 2 . 8 %); 562 (27.0%);  561 ( M+H,  57.6%);  560 

(M+, 38.1%);  544 (25.8%);  543 (50%); 542 (M+- 

CD3 . 100%); 482 (0.4%);  481 (1.2%);  480(3.6%);  

464 (6.0%);  463 (11.5%);  462 (M+-0S1( 0 8 3 ) 3 , 

31%); 445 (1.0%);  444 (1.6%);  443 (2.2%);

389 (1.0%);  388 (2.2%);  387 (6.3%);  364 (0.9%)

363 (1.9%);  362 (1.0%);  311 (0.7%);  310 (1.0%)

229 (0.6%);  228 (0.7%);  227 (2.4%);  210 (0.7%)
209 (0.8%);  208 (1.0%);  183 (0.5%);  182 (0.6%)

181 (1.0%);  164 (0.8%);  163 (1.7%);  162 (8.5%)

156 (1.1%);  155 (1.3%);  154 (1.7%).

00
o
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and GC-MS p r o p e r t i e s  and e l e c t r o c h e m i c a l  b e h a v i o r  t o  t hose  

r e p o r t e d  f o r  LC component  E.

COOH

8

L i q u i d  c h r o m a t o q r a p h i  c component  £

LC c o m p o n e n t  F was  a p a l e  y e l l o w  s o l i d .  I n  w a t e r  i t  

e x h i b i t e d  t h r e e  U. V.  a b s o r p t i o n  bands  a t  = 2 8 0  ( s h ) ,

2 5 0 ,  a n d  2 0 0  nm ( F i g .  3 2 ) .  LC c o m p o n e n t  F i s  e l e c t r o c h e m i -  

c a l l y  a c t i v e  and shows a s i n g l e  v o l t a m m e t r i c  o x i d a t i o n  peak  

a t  t h e  PGE ( F i g . 3 3 ) .  T h e  l i n e a r  Ep 2 1 . pH r e l a t i o n s h i p  f o r  

t h i s  p e a k  a t  a s we e p  r a t e  5 mVs " ^  i s  g i v e n  i n  E q n .  ( 1 7 ) .

Ep( pH 2 . 0  -  1 1 . 0 )  = [ 1 . 3 4  -  0 . 0 6 5  pH]  V ( 1 7 )

A t y p i c a l  c y c l i c  v o l t a m m o g r a m  o f  c o mp o n e n t  F a t  pH 7.0  

i s  s h o w n  i n  F i g .  34.  A f t e r  s c a n n i n g  t h r o u g h  t h e  o x i d a t i o n  

pe a k ,  t w o  s m a l l  r e d u c t i o n  pe ak s  a ppear  a t  a p p r o x i m a t e l y  t h e  

same p o t e n t i a l  as p e a k s  I ^  a nd  11^ o f  TPP ( F i g .  9 0 )  a n d ,  on 

t h e  sec ond  sweep t o w a r d s  p o s i t i v e  p o t e n t i a l s  t wo  o x i d a t i o n  

peaks  a p p e a r  a t  a p p r o x i m a t e l y  t h e  same p o t e n t i a l s  as peaks  

1 1 ' a  and  I I l o f  T P P ,  r e s p e c t i v e l y .  T h e  mass  s p e c t r u m  o f  

LC c o mp o n e n t  F (70 eV,  2 0 0 ° C )  was as f o l l o w s ,  m/ e  ( r e l a t i v e  

a b u n d a n c e ) :  2 2 1  ( 1 . 0 % ) ,  22 0 (M + , 6 . 0 % ) ,  2 0 3  ( 0 . 2 % ) ,  2 0 2  (M + -
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Potential /  Volt vs. SCE
L i n e a r  sweep vo 1 t a mmo g r a ms  o b t a i n e d  a t  t h e  PGE of  
LC c o m p o n e n t  F i n  pH 7 . 0  p h o s p h a t e  b u f f e r  (u = 
0 . 5  M) .  S w e e p  r a t e :  (A)  5 m V s " ^ ,  ( B)  2 0 0  mV s " ^ .
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HgO,  1 . 6 % ) ,  1 7 5  ( 3 . 0 % ) ,  1 7 4  ( 2 . 5 % ) ,  173  ( 1 . 5 % ) ,  1 5 9  ( 1 . 0 % ) ,

1 5 8  ( 3 . 8 % ) ,  15 7  ( 3 . 0 % ) ,  1 4 8  ( 0 . 9 % ) ,  147 ( 9 . 7 % ) ,  14 6  ( 1 0 0 % ) ,

1 3 4  ( 1 . 6 % ) ,  1 3 3  ( 1 6 . 9 % ) ,  1 3 2  ( 2 0 . 1 % ) ,  1 1 9  ( 2 . 0 % ) ,  1 1 8

( 5 . 6 % ) ,  117  ( 5 . 7 % ) ,  10 5  ( 2 . 2 % ) ,  1 0 4  ( 7 . 5 % ) ,  1 0 3  ( 2 . 6 % ) .

Component  F ( c a . 500 ug)  c o u l d  be s i l y l a t e d  w i t h  BSTFA 

( 70  u l ]  i n  a c e t o n i t r i l e  ( 70  u l ) a t  room t e m p e r a t u r e  f o r  24h.  

GC o f  t h e  r e s u l t i n g  d e r i v a t i v e  showed a s i n g l e  peak  a t  t[^ = 

3 2 . 8  m i n  ( F i g .  3 5 ) .  E l -  and  C l - M S  o f  t h i s  d e r i v a t i v e  i n d i 

c a t e d  i t  had  a m o l a r  ma s s  o f  4 3 6  g ( T a b l e  9 ) .  D e r i v a t i z a -  

t i o n  o f  c o m p o n e n t  F (c_a. 5 0 0  ug)  w i t h  MTBSTFA ( 7 0  u l )  i n  

a c e t o n i t r i l e  ( 7 0  u l )  a t  r o o m t e m p e r a t u r e  f o r  2 4  h gave  a 

t e r t - b u t y l d i m e t h y l  s i l y l  d e r i v a t i v e  whi ch showed a s i n g l e  GC 

peak  a t  tj^ = 3 8 . 6  m i n .  E l -  and Cl  - MS o f  t h i s  d e r i v a t i v e

i n d i c a t e d  i t  had a m o l a r  mass o f  562 g. He n c e ,  component  F

has a m o l e c u l a r  w e i g h t  o f  2 2 0  and can be s i l y l a t e d  a t  t h r e e

COOH

p o s i t i o n s .  A u t h e n t i c  o x i n d o l y l a l a n i n e  (^)  showed  i d e n t i c a l  

GC,  GC- MS a n d  e l e c t r o c h e m i c a l  p r o p e r t i e s  t o  t h a t  r e p o r t e d  

above f o r  c o mponent  F.

C o n t r o l l e d  p o t e n t i a l  c o u l o m e t r y  o f  o x i n d o l y l a l a n i n e  (^]  

a t  1 . 1  V i n  d i l u t e  HCL (pH 2 . 4 )  g i v e s  j i - v a l u e s  o f  2 + 0 . 2 .
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Table 9. GC-MS data fo r  l i qu i d  chromatographic component F formed by electrochemical oxidation of tryptophan

Der i vat i ve Retention Ion iza tion  Major MS peak/ Compound
time/mIn type m/e ( r e l a t i v e  abundance)

DSTFA 32.8 El

BSTFA 32.8 Cl

436 (M+, 0.1%);  422 (0.0%);  421 (M* -CH3 , 0.2%);

320 ( 0 . 6 %); 319 (1.5%);  318 (1.4%); 292 (12.9%);

291 (35%); 290 1 0 0 %); 276 (1.1%); 275 (0.7%);

274 (1.7%); 230 (1.5%); 229 (1.0%); 228(0.2%);

2 2 0 ( 0 . 8 %); 219 (34%); 218 (7.9%); 204 (1.7%);

203 (4.9%); 2 0 2 (17.7%) ; 149 (0.7%) ; 148 (1.6%);

174 ( 8 . 2 %); 132 ( 2 . 6 %); 131 (2.6%); 130 (2.9%);

1 0 2 ( 0 . 8 %); 1 0 1 (1.7%); 100 (3.5%).

538 ( 0 . 2 %); 537 (M+C^llg . 0.3%);  511 ( 1 . 6 %); r

510 (2.5%); 509 (M ++ll\ 6.0%);  495 (0.8%); k

494 ( 1 . 0 %); 493 (M+-CH3 , 3.6%);  478 (0.1%);

477 ( 0 . 1 %); 467 (0.3%); 466 ( 0 . 8 %); 465 (1.6%)

439 ( 0 . 8 %); 438 (1.9%); 437 (5.3%); 423 ( 0 . 8 %)

422 (1.7%); 421 (4.6%); 407 (0.2%); 406 (0.4%)

405 ( 1 . 2 %); 395 ( 0 . 2 %); 394 (0.4%); 393 (1.1%)

367 (0.3%); 366 (0.7%); 365 (2.7%); 349 (1.8%)

348 ( 1 . 2 %); 347 (2.3%); 320 (0.8%); 319 (2.0%)

318 (2.7%); 292 (20.3%);  291 (59.5%); 290

(100%); 278 (1.0%);  277 (2.0%); 276 (5.7%);

248 (0.8%); 247 (1.1%);  246 (2.7%).

COOH
00



Table 9 (continued)

D erivative  Retention Ion iza tion  Major MS peak/
tinie/niln type m/e ( r e l a t i v e  abundance)

Compound

MTBSTFA 38.6 El 562 (M+, 0.2%);  507 (0.4%);  506 (1.0%); 505

(M^-C(CH^)^, 2.3%);  405 (0.4%);  404 (1.1%);

403 (M+-C00S1C(CH^)g, 2.7%);  305 (0.9%);  304 

(1.6%);  303 (5.8%);  262 (5.9%);  261 (21.5%);
260 (100%); 247 (1.3%);  246 (4.4%);  245 (2.3%);

204 (1.1%); 203 (2.7%);  202 (10.7%); 162 (1.0%);

161 (1.1%);  160 (3.4%);  149 (1.6%);  148 (2.3%);
147 (9.0%).

00
00



89

The e l e c t r o l y z e d  s o l u t i o n  was y e l l o w .  P r o d u c t  s o l u t i o n  was 

f r e e z e - d r i e d  and t h e  r e s u l t i n g  s o l i d  mass was d i s s o l v e d  i n  

w a t e r  and s e p a r a t e d  by h i g h  p r e s s u r e  l i q u i d  c h r o ma t o g r a p h y  

u s i n g  a c o l u m n  o f  S h o d e x  O H - p a k  ( 50  cm x 2 cm)  and w a t e r  as 

t h e  e l u e n t  (2 ml m i n " ^ ) .  A f t e r  c o mp l e t e  e l e c t r o l y s i s  of  1 mM 

o x i n d o l y l  a l a n i n e  a t  1 . 1  V i n  d i l u t e  HCl  pH 2 . 4  l i q u i d  c h r o 

ma t o g r a m o f  t h e  r e s u l t i n g  p r o d u c t  showed t wo  HPLC peaks ( I  

and I I ) .  T h e  c o m p o n e n t s  e l u t e d  u n d e r  HPLC p e a k s  I  and I I  

h a v e  t h e  s a me  U. V.  s p e c t r a  and HPLC r e t e n t i o n  v o l u m e s  t h a t  

o b t a i n e d  f o r  c o m p o n e n t s  A and B ( F i g s .  18 and 1 9 ) .  I f ,  

h o w e v e r ,  t h e  e l e c t r o o x i d a t i o n  was n o t  t a k e n  t o  c o m p l e t i o n  

t h e n  c h r o m a t o g r a p h y  on t h e  p r o d u c t s  s h o w e d  t w o  new HPLC

û r f x ” "
' N '  ' 0  N 0
H H

7

| h20 (18)

H

8

p e a k s  I I I  and I V ( F i g .  3 6 ) .  The U. V.  and mass  s p e c t r a  o f  

c o mp o n e n t  e l u t e d  u nde r  LC peak I I I  we r e  i d e n t i c a l  t o  t h a t  o f  

a u t h e n t i c  d i o x i n d o l y l a l a n i n e  ( ^ ) .  LC p e a k  I V  i s  due t o  

u n o x i d i z e d  o x i n d o l y l a l a n i n e  ( ^ ) .  T he  p r o p o s e d  s c h e me  f o r  

t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  o x i n d o l y l a l a n i n e  i s shown
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F i g .  36 HPLC c h r o m a t o g r a m  o f  o x i n d o l y l a l a n i n e  o x i d i z e d  a t  

1 . 1  V i n  d i l u t e  H C l  ( pH 2 . 4 )  u s i n g  a c o l u m n  o f  
S h o d e x  OH - P a k  ( 5 0  x 2 cm)  and w a t e r  a s  t h e  e l u e n t  
( 2  m l m i n ' l ) .
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i n  E q n .  1 8 .  I n i t i a l  t w o  e l e c t r o n  o x i d a t i o n  o f

o x i n d o l y l a l a n i n e  ( ^ )  l e a d s  t o  t h e  3 - m e t h y l e n e - 2 - o x i n d o l e  

d e r i v a t i v e  (7^). T h e n ,  1_ u n d e r g o e s  n u c l e o p h i l i c  a t t a c k  by 

w a t e r  and g i v e s  d i o x i n d o l y l a l a n i n e  (^ ) .

L i q u i d  c h r o m a t o g r a p h i c  component  £

LC c o m p o n e n t  G wa s  a y e l l o w  s o l i d  . I t  wa s  f o r m e d  i n  

e x c e e d i n g l y  s m a l l  a mo u n t s  (< 1% y i e l d ) .  I n  p h o s p h a t e  b u f f e r  

(pH 1 . 9 8 }  component  G e x h i b i t e d  c h a r a c t e r i s t i c  U.V.  a b s o r p 

t i o n  b a n d s  a t  A  = 3 5 0 ,  2 8 5  ( s h ) ,  2 5 5 ,  2 2 0 ,  and 2 0 0  nm 

( F i g .  3 7 ) .  T h i s  s p e c t r u m  i s  v e r y  s i m i l a r  t o  t h a t  o f  a u t h e n 

t i c  k y n u r e n i n e  ( A   ̂ a t  pH 1 . 9 8  = 3 6 0 ,  2 8 5  ( s h ) ,  2 5 0  , 22  6 , 

and 1 9 7  n m) .  I n  a d d i t i o n ,  t h e  r e t e n t i o n  v o l u m e  o f  LC 

c o m p o n e n t  G and a u t h e n t i c  k y n u r e n i n e  w e r e  t h e  same on a

NH

COOH

NH2

11
S e p h a d e x  G- 1 0  co l umn u s i n g  w a t e r  as t h e  e l u e n t .  The p r o d u c t  

G had same c y c l i c  v o l t a m m e t r i c  b e h a v i o r  as t h a t  of  k y n u r e 

n i n e  a t  pH 7 . 0 .  T h u s ,  i t  was  c o n c l u d e d  t h a t  LC c o m p o n e n t  G 

i s  k y n u r e n i n e  ( H . ) .  As t h e  p r o d u c t  G i s  o b t a i n e d  i n  v e r y  

s m a l l  a m o u n t ,  no mass s p e c t r a l  s t u d i e s  w e r e  c a r r i e d  out  t o  

c o mp a r e  w i t h  a u t h e n t i c  k y n u r e n i n e .

H o w e v e r ,  t h e  v o l t a m m e t r y  o f  a u t h e n t i c  k y n u r e n i n e  ( 1 1 )
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F i g .  37 U.V.  s p e c t r u m  o f  LC component  
p h a t e  b u f f e r  (u = 0 . 5  M) .

G i n  pH 1 .98  p ho s -
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was s t u d i e d .  At  a sweep r a t e  o f  5 mVs"^ a t  t h e  PGE,  k y n u r e 

n i n e  s h o w s  f o u r  o x i d a t i o n  p e a k s  ( 0 ^ ,  O2 , O3 , a nd  O4 ) .  T h e  

Ep 21»  PH r e l a t i o n s h i p s  f o r  t h e s e  p e a k s  a r e  s h o w n  i n  Eqns .  

1 9 - 2 2 .

Peak 0^ : Ep( pH 2 . 0  -  5 . 8 )  = 0 . 8  V ( 1 9 )

Ep( pH 5 . 8  -  1 1 . 0 0 )  = [ 1 . 0 7  -  0 . 0 4 9  p H]  V

Peak Og : Ep( pH 2 . 0  -  5 . 8 )  = [ 0 . 9 3  -  0 . 0 1 5  pH]  V ( 2 0 )

Peak O3  : Ep( pH 2 . 0  -  5 . 8 )  = [ 1 . 0  -  0 . 0 0 2  pH]  V ( 2 1 )

Ep( pH 5 . 8  -  1 1 . 0 )  = [ 1 . 2 9  -  0 . 0 5 5  pH]  V

Peak O4  : Ep( pH 2 . 0  -  3 . 7 )  = [ 1 . 1 5  -  0 . 0 2 3  pH]  V ( 2 2 )

A c y c l i c  vo l  t a m m o g r a m  o f  k y n u r e n i n e  ( j j ^ )  i s  shown i n  

F i g .  3 8 .  T h e  i n i t i a l  s w e e p  t o w a r d s  n e g a t i v e  p o t e n t i a l s  

s h o w e d  a r e d u c t i o n  p e a k  a t  jc^. - 1 . 4  V ( pH 6 . 8 8 ) .  H e n c e ,  

k y n u r e n i n e  i s  e l e c t r o c h e m i c a l l y  r e d u c i b l e .  At  a sweep r a t e  

o f  2 0 0  m V s ' l  Ep v a l u e s  f o r  t h e  v o l t a m m e t r i c  r e d u c t i o n  peak 

o f  1 ^  a t  pH 1 . 9 8 ,  3 . 6 8 ,  5 . 1 1  , 5 . 7 8  and 6 . 8 8  a r e  - 1 . 0 5 ,

- 1 . 1 7 ,  - 1 . 2 7  , - 1 . 3 2 ,  and - 1 . 4  V,  r e s p e c t i v e l y .  A t  pH 2. 7 . 0

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

L i q u i d  c h r o m a t o g r a p h i c  component

LC c o m p o n e n t  H was  f o r m e d  i n  e v e n  l o w e r  y i e l d  t h a n  

c o m p o n e n t  G. I n  w a t e r  i t  s h o w e d  a w e l l - d e f i n e d  U. V.  s p e c 

t r u m ,  X ^ a x  " 2 8 5 ,  2 2 3  ( s h ) ,  and 2 0 0  nm ( F i g .  3 9 ) .  I n s u f f i 

c i e n t  m a t e r i a l  c o u l d  be o b t a i n e d  t o s t ud y  t h e  mass or  GC-MS
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F i g .  38 C y c l i c  v o l t a m m o g r a m  o f  K y n u r e n i n e  o b t a i n e d  a t  t h e  
PGE i n  pH 7 . 0  p h o s p h a t e  b u f f e r  (u = 0 . 5  M) .
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F i g .  39  U.V.  s p e c t r u m  o f  LC component  H i n  w a t e r ,
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o f  t h i s  compound.  H o w e v e r ,  t h e  LC r e t e n t i o n  v o l u me  and U.V.  

s p e c t r u m  o f  LC c o mponent  H i s  q u i t e  d i f f e r e n t  t o  an a n t i c i 

p a t e d  p r o d u c t ,  f o r m y l k y n u r e n i n e .

L i q u i d  c h r o m a t o g r a p h i c  component  2

T h e  U.  V.  and mas s  s p e c t r a  o f  c o m p o n e n t  I  w e r e  i d e n t i 

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

M e c h a n i s t i c  p a t h w a y  f o r  t h e  e l e c t r o c h e m i c a l  

o x i d a t i o n  o f  L - t r y p t o p h a n

The  i m p o r t a n t  e x p e r i m e n t a l  o b s e r v a t i o n s  c o n c e r n i n g  t h e  

e l e c t r o c h e m i c a l  o x i d a t i o n  o f  TPP w i l l  f i r s t  be s u mma r i z e d .  

Bot h TPP and i t s  p r i m a r y  e l e c t r o o x i d a t i o n  p r o d u c t  a r e  a d s o r 

bed a t  t h e  PGE.  F o r m a t i o n  o f  a p r e p e a k  ( p e a k  I ' g )  a t  s l o w  

s w e e p  r a t e s  (_< 10 r nVs " ^ )  s u g g e s t s  t h a t  t h e  p r i m a r y  p r o d u c t  

i s  mo r e  s t r o n g l y  a d s o r b e d  t h a n  TPP. V o l t a m m e t r i c  peak I g  i s  

due t o  an i r r e v e r s i b l e ,  p H - d e p e n d e n t ,  2e  ̂ r e a c t i o n  b e t we e n  pH 

2 . 0 - 1 1 . 0 .  H o w e v e r ,  f o r  t h e  p r o l o n g e d  c o n t r o l l e d  p o t e n t i a l  

e l e c t r o l y s i s  e x p e r i m e n t a l  j i - v a l u e s  w e r e  _> 4.  T h i s  s u p p o r t s  

t h e  c o n c l u s i o n  t h a t  t h e  p r i m a r y  2 ê  p r o d u c t  d i s a p p e a r s  by way  

o f  one or  more f o l l o w  up c h e m i c a l  r e a c t i o n s  t o  g i v e  p r o d u c t s  

w h i c h  can be f u r t h e r  o x i d i z e d .  The s p e c t r o e l e c t r o c h e m i s t r y  

o f  TPP ( F i g .  1 4 )  i n d i c a t e s  t h a t  a t  l e a s t  one  p r o d u c t  i s  

f o r m e d  w h i c h  a b s o r b s  a t  c_a. 2 4 0  -  2 5 0  nm and w h i c h  i s

f u r t h e r  o x i d i z e d  a t  t h e  s a m e  p o t e n t i a l  as T P P .  T h i n - l a y e r  

s p e c t r o e l e c t r o c h e m i s t r y  s u g g e s t s  t h a t  t w o  i n t e r m e d i a t e
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s p e c i e s  a r e  g e n e r a t e d .  A l s o ,  c y c l i c  v o l t a m m e t r y  i n d i c a t e s  

t h a t  t wo  or  mor e  e l e c t r o a c t i v e  ( r e d u c i b l e )  i n t e r m e d i a t e s  a r e  

g e n e r a t e d  i n  t h e  e l e c t r o o x i d a t i o n  o f  TPP.

I d e n t i f i e d  p r o d u c t s  i n c l u d e  o x i n d o l y l a l a n i n e  ( 6 J ,  d i 

o x i n d o l y l a l a n i n e  ( 8 j ,  t w o  s t e r e o i s o m e r s  o f  t h e  t r i c y c l i c  

p y r r o l o i n d o l e  _3 and k y n u r e n i n e  ( ^ ) .  I t  a l s o  seems p r o b a b l e  

t h a t  t wo  or  more o l i g o m e r i c / p o l y m e r i c  s p e c i e s ,  r e s p o n s i b l e  

f o r  LC p e a k s  A and B,  a r e  f o r m e d .  A t  h i g h  pH (ca. .  pH 1 0 . 6 5 )  

t h e  d i h y d r o x y p y r r o l o i n d o l e  1^  i s  f or med by t h e  c y c l i z a t i o n  

o f  d i o x i n d o l y l a l a n i n e

I t  i s  p r o p o s e d ,  t h e r e f o r e ,  t h a t  t h e  p r i m a r y  peak  I ^  

e l e c t r o o x i d a t i o n  s t e p  f o r  TPP i s  a 2e_ r e a c t i o n  g i v i n g  t h e  3 -  

m e t h y l e n e - i m i n e  _1 ( F i g .  4 0 ) .  S i n c e  f a s t  s w e e p  c y c l i c  v o l 

t a m m e t r y  o f  TPP does  n o t  s how a r e v e r s i b l e  r e d u c t i o n  peak  

c o u p l e d  t o  o x i d a t i o n  p e a k  I ^  i t  mu s t  be c o n c l u d e d  t h a t  t h e

14
3 - m e t h y l e n e - i m i n e  _1 i s  e x t r e m e l y  r e a c t i v e .  The  3 - m e t h y l e n e -  

i m i n e  1_ has not  p r e v i o u s l y  been pr oposed as an i n t e r m e d i a t e  

i n t h e  o x i d a t i o n  o f  TPP.  I t  i s  a l s o  b e l i e v e d  t h a t  compounds  

such as 3 - m e t h y l  e n e o x i n d o l e  (1. 4) ,  whi ch  has a s i m i l a r  s t r u c 

t u r e  t o  1., a r e  e x t r e m e l y  r e a c t i v e  p a r t i c u l a r l y  t o w a r d s  d i me -  

r i z a t i o n  or  p o l y m e r i z a t i o n ® ^ » ^ * ^ .  Thus,  i t  seems r e a s o n a b l e
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t o  c o n c l u d e  t h a t  one or  mor e  r e a c t i o n  p a t h w a y s  f o r  i n v o l v e  

f o r m a t i o n  o f  o l i g o m e r s  o r  p o l y m e r s .  The  TPP e l e c t r o o x i d a 

t i o n  p r o d u c t s  r e s p o n s i b l e  f o r  LC peaks A and B a p p e a r  t o  be 

due t o  o l i g o m e r i c  or  p o l y m e r i c  m a t e r i a l s .  U n f o r t u n a t e l y ,  a t  

t h i s  t i m e  we have been u n a b l e  t o  o b t a i n  s t r u c t u r a l  i n f o r m a 

t i o n  on t h e s e  p r o d u c t s .

The 3 - m e t h y l e n e - i m i n e  2. must  be a s t r o n g  e l e c t r o p h i l e  

w h i c h  i s  h i g h l y  s u s c e p t i b l e  t o w a r d s  a t t a c k  by n u c l e o p h i l e s  

p r e s e n t  i n  t h e  r e a c t i o n  s o l u t i o n .  TPP,  w a t e r ,  and p r o b a b l y ,  

even 2  a r e  n u c l e o p h i l e s  p r e s e n t  i n t h e  b u l k  s o l u t i o n .  R e a c 

t i o n  o f  2  w i t h  TPP o r  e v e n  w i t h  t h e  e x o c y c l i c  a m i n o  g r o u p  o f  

2  no d o u b t  l e a d s  t o o l i g o m e r i c  o r ,  u l t i m a t e l y ,  t o  p o l y m e r i c  

p r o d u c t s .  N u c l e o p h i l i c  a t t a c k  by w a t e r  w o u l d  l e a d  t o  t h e  

f o r m a t i o n  o f  i n d o l e n i n e  2  and S ( F i g .  4 0 ) .  I n t r a c y c l i z a t i o n  

o f  i n d o l e n i n e  2  g i v e s  t h e  s t e r e o i s o m e r s  o f  t h e  t r i c y c l i c  

p y r r o l o i n d o l e  2 * I t  w i l l  be r e c a l l e d  t h a t  c y c l i c  v o l t a m m o 

gr a ms  o f  TPP show t h a t  s e v e r a l  r e d u c i b l e  i n t e r m e d i a t e s  a r e  

f o r m e d  as  a r e s u l t  o f  t h e  p e a k  I g  o x i d a t i o n  ( F i g .  9 ) .  The  

i n d o l e n i n e  2  w o u l d  be e x p e c t e d  t o  be an e l e c t r o c h e m i c a l l y  

r e d u c i b l e  s p e c i e s .  A 2 £ - 2 H ' * ’ r e d u c t i o n  o f  2  a c r o s s  t h e  

N ( 1 ) = C ( 2 )  i m i n e  d o u b l e  bond wo u l d  g i v e  t h e  i n d o l i n e  2  ( i . e . , 

2 , 3 - d i h y d r o - 3 - h y d r o x y t r y p t o p h a n .  F i g .  4 0 ) .  The  l a t t e r  com

p o u n d  h a s  b e e n  s p e c u l a t e d  t o  be an i n t e r m e d i a t e  i n  t h e  

p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  T PP^ l .  S i n c e  i n d o l e n i n e  2 

i s  an u n s t a b l e  compound and i s  o n l y  one o f  s e v e r a l  i n t e r m e 

d i a t e s  f o r m e d  i n  t h e  e l e c t r o o x i d a t i o n  o f  TPP i t  i s  d i f f i c u l t
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t o  s p e c i f y  t h e  e x a c t  r e d u c t i o n  peak i n c y c l i c  v o l t a m mo g r a m s  

o f  TPP w h i c h  i s  r e s p o n s i b l e  f o r  i n d o l e n i n e  T h i n - l a y e r  

s p e c t r o e l e c t r o c h e m i c a l  e x p e r i m e n t s ,  h o w e v e r ,  show t h a t  one 

i n t e r m e d i a t e  i s  g e n e r a t e d  i n  t h e  p e a k  I ^  o x i d a t i o n  w h i c h  

a b s o r b s  a t  a b o u t  2 7 5  nm a n d  i s  p r o b a b l y  r e s p o n s i b l e  f o r  

c y c l i c  v o l t a m m e t r i c  r e d u c t i o n  peak ( v i d e  s u p r a ) .  F u r t h e r 

mo r e ,  i t  i s  known t h a t  i n d o l e n i n e s  h a v i n g  s t r u c t u r e s  s i m i l a r  

t o  ^  a b s o r b  a t  a b o u t  275  nm,  p a r t i c u l a r l y  when p r o t o n a t e d  a t  

N ( 1 ) 1 » 9 2 ^  T h u s ,  i t  i s  p r o b a b l e  t h a t  i n t e r m e d i a t e  2 has a 

v e r y  s i m i l a r  U. V.  s p e c t r u m  t o  TPP p a r t i c u l a r l y  i n  a c i d i c  

s o l u t i o n s .  H e n c e ,  r a p i d  f o r m a t i o n  o f  i n t e r m e d i a t e  2 upon  

e l e c t r o c h e m i c a l  o x i d a t i o n  o f  TPP wo u l d  a c c o u n t  f o r  t h e  l ag  

p e r i o d  o b s e r v e d  in t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  e x p e r i 

m e n t s  a t  pH 4 . 8  ( s e e  F i g .  14 and a s s o c i a t e d  d i s c u s s i o n ) .  

C y c l i c  v o l t a m m e t r y  o f  TPP i n d i c a t e s  t h a t  t h e  p r o d u c t  o f  

r e d u c t i o n  p e a k  I ^  may be q u a s i - r e v e r s i b l y  o x i d i z e d  i n  t h e  

o x i d a t i o n  p e a k  I l ' g  r e a c t i o n .  I t  s e e ms  r e a s o n a b l e  t o  c o n 

c l u d e  t h a t  t h e  peak I l ' g  r e a c t i o n  i n v o l v e s  t h e  2 ^ - 2 H^ o x i d a 

t i o n  o f  A t o  ^  ( F i g .  4 0 ) .  C y c l i c  v o l t a m m e t r i c  p e a k  I j .  

d e c r e a s e s  i n  h e i g h t  r e l a t i v e  t o  o x i d a t i o n  p e a k  I g  w i t h  

i n c r e a s i n g  pH. T h i s  i s  e x p e c t e d  i f  t h e  t r i c y c l i c  p y r r o l o i n 

d o l e  3 i s  f o r m e d  by i n t r a m o l e c u l a r  c y c l i z a t i o n  o f  i n d o l e n i n e  

^  as s h o wn  i n  E q n .  2 3 .  T h i s  i s  so b e c a u s e  w i t h  i n c r e a s i n g  

pH p r o t o n a t i o n  o f  t h e  e x o c y c l i c  a mi no  f u n c t i o n  o f  i n t e r m e 

d i a t e  ^  w o u l d  d e c r e a s e  w h i c h  i n  t u r n  w o u l d  f a c i l i t a t e  t h e  

i n t r a m o l e c u l a r  c y c l i z a t i o n  r e a c t i o n .  W i t h  i n c r e a s i n g  pH t he  

r e a c t i o n  o f  i n d o l e n i n e  2 t o  t r i c y c l i c  p y r r o l o i n d o l e  3 shoul d
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o c c u r  m o r e  r a p i d l y  su c h  t h a t  l e s s  o f  I n d o l e n i n e ^  w o u l d  be 

a v a i l a b l e  f o r  e l e c t r o c h e m i c a l  r e d u c t i o n .

T h e  y i e l d  o f  t h e  t r i c y c l i c  p y r r o l o i n d o l e  2  f o r m e d  by 

t h e  p e a k  I o x i d a t i o n  o f  TPP i s  v e r y  s m a l l .  I n d e e d ,  t h e  

s t e r e o i s o m e r s  o f  2  o n l y  obs e r v e d  as p r o d u c t s  o f  i n c o m

p l e t e  o x i d a t i o n s  o f  TPP.  T h e  Ep d a t a  r e p o r t e d  e a r l i e r  f o r  

TPP and 2 ;  s u m m a r i z e d  i n  T a b l e  10 ,  show t h a t  t h e  l a t t e r  

compound s h o u l d  be e l e c t r o c h e m i c a l l y  o x i d i z e d  a t  t he  p o t e n 

t i a l s  used t o  e l e c t r o l y z e  TPP.  Thus ,  t h e  a p p e a r a n c e  o f  2 as 

a p r o d u c t  by t h e  p a r t i a l  o x i d a t i o n  o f  TPP i s  due  t o  r a t h e r  

s l o w i n t r a m o l e c u l a r  c y c l i z a t i o n  o f  i n t e r m e d i a t e  2  ( ^ 1 / 2  "  ̂

mi n  a t  pH 4 . 8  and 1 m i n  a t  pH 7 . 0 ) .  I n  c o m p l e t e  e l e c t r o 

l y s e s  t h e  l a t t e r  r e a c t i o n  p r o c e e d s  t o  c o m p l e t i o n  and a l l  2  

f o r m e d  i s  e l e c t r o c h e m i c a l l y  o x i d i z e d .

T h e  a l t e r n a t i v e  p r o d u c t  o f  n u c l e o p h i l i c  a t t a c k  on t h e  

i n t e r m e d i a t e  2  by w a t e r  i s  2  ( F i g .  4 0 ) .  F o r m a t i o n  o f  o x i n 

d o l y l  a l a n i n e  (2 ) p r o v i d e s  s t r o n g  e v i d e n c e  f o r  t h e  e x i s t e n c e  

o f  2 * T h e  e x p e c t e d  c h e m i s t r y  o f  2  ca n  be u s e d  t o  r a t i o n a 

l i z e  t h e  f o r m a t i o n  o f  t h r e e  e l e c t r o o x i d a t i o n  p r o d u c t s  o f  TPP 

as shown b e l o w .  R e a r r a n g e m e n t  of  2  l e a d s  t o  o x i n d o l y l a l a -
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T a b l e  10

P e a k  p o t e n t i a l s  ( E p )  f o r  v o l t a m m e t r i c  o x i d a t i o n  o f  

t r y p t o p h a n  and i t s  e l e c t r o o x i d a t i o n  p r o d u c t s  a t  t h e  RGB.

Compound pH^ E _ / V o l t  v s .  SCEb 
P —

T r y t p t o p h a n 2 . 3 3 0 . 9 2
4 . 7 0 0 . 8 2
7 . 3 6 0 . 7

1 0 . 6 5 0 . 5 6

T r i c y c l i c 2 . 3 3 0 . 8 7
p y r r o l o i n d o l e  , 2 4 . 7 0 0 . 7 5

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

D i o x i n d o l y l a l a n i n e ,  2 2 . 3 3 1 . 2 2

4 . 7 0 1 . 0 7
7 . 3 6 0 . 8 9

1 0 . 6 5 0 . 6 5

O x i n d o l y l a l a n i n e ,  6 2 . 3 3 1 . 1 9
4 . 7 0 1 . 0 4
7 . 3 6 0 . 8 6

1 0 . 6 5 0 . 6 5

K y n u r e n i n e ,  _n 2 . 3 3 0 . 8 0
4 . 7 0 0 . 8 0
7 . 3 6 0 . 7 1

1 0 . 6 5 0 . 5 5

® P h o s p h a t e  b u f f e r s ,  u = 0 . 5  M

 ̂ Ep v a l u e s  wer e  measured a t  a sweep r a t e  o f  5 mV s"^
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n i n e  ( 6 J .  T h e  y i e l d  o f  o x i n d o l y l a l a n i n e  h o w e v e r ,  r e l a t i v e  

t o  t h a t  o f  d i o x i n d o l y l a l a n i n e  d e p e n d s  u p o n  w h e t h e r  TPP i s  

p a r t i a l l y  or  c o m p l e t e l y  e l e c t r o l y z e d .  P a r t i a l  o x i d a t i o n s  o f  

TPP g i v e  a l a r g e r  y i e l d  o f  o x i n d o l y l a l a n i n e  r e l a t i v e  t o  

d i o x i n d o l y l a l a n i n e  t h a n  do c o m p l e t e  e l e c t r o l y s e s  ( e . g . . 

c o m p a r e  F i g .  19A and  F i g .  1 9 B ) .  T h i s  s u g g e s t s  t h a t  a t  t h e  

p o t e n t i a l s  used t o  e l e c t r o c h e m i c a l l y  o x i d i z e  TPP,  o x i n d o l y l -  

a l a n i n e  i s  a l s o  s l o w l y  e l e c t r o l y z e d .  Ep v a l u e s  f o r  o x i n d o -  

l y l a l a n i n e  ( T a b l e  10 )  o c c u r  a t  somewhat  mor e  p o s i t i v e  p o t e n 

t i a l s  t h a n  f o r  TPP.  H o w e v e r ,  a c o mp a r i s o n  o f  t h e  v o l t a m m o -  

g r a m s  f o r  6_ and TPP r e v e a l s  t h a t  Ep f o r  TPP c o r r e s p o n d s  t o  

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

T h u s ,  e l e c t r o l y s i s  o f  TPP a t  Ep f o r  p e a k  I ^  s h o u l d  a l s o  

b r i n g  a b o u t  t h e  s l o w  o x i d a t i o n  o f  o x i n d o l y l a l a n i n e .  A c 

c o r d i n g l y ,  t h e  l o n g e r  t h e  e l e c t r o l y s i s  o f  TPP i s  a l l o w e d  t o  

p r o c e e d  t h e  more e x t e n s i v e  w i l l  be t h e  o x i d a t i o n  of  o x i n d o -  

l y l a l a n i n e  . E x p e r i m e n t s  have  shown t h a t  c o n t r o l l e d  p o t e n 

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

u s e d  t o  e l e c t r o l y z e  TPP a t  p e a k  I g  l e a d s  t o  t h e  f o r m a t i o n  o f  

d i o x i n d o l y l a l a n i n e .  T h e  l a t t e r  r e a c t i o n  h a s  n o t  be en  

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

o x i n d o l y l a l a n i n e  i s  i n i t i a l l y  o x i d i z e d  i n a p r o c e s s

t o  t h e  3 - met hy  1 e n e - 2 - o x i n d o l e  d e r i v a t i v e  (7 ,̂ F i g .  40)  wh i c h  

upon n u c l e o p h i l i c  a t t a c k  by w a t e r  g i v e s  d i o x i n d o l y l a l a n i n e .  

T h e  s m a l l  d e c r e a s e  i n  U. V.  a b s o r b a n c e  a t  2 4 0 - 2 5 0  nm

n o t e d  t o w a r d s  t h e  end o f  c o n t r o l l e d  p o t e n t i a l  o x i d a t i o n s  of  

TPP ( F i g .  1 4 )  i s  p r o b a b l y  r e l a t e d  t o  t h e  s l o w  o x i d a t i o n  o f
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o x i n d o l y l a l a n i n e  t o  d i o x i n d o l y l a l a n i n e .  I t  m i g h t  a l s o  be  

n o t e d  t h a t  o x i d a t i o n  p e a k  1 1 ^ w h i c h  i s  o b s e r v e d  as a v e r y  

i n d i s t i n c t  peak i n v o l t a m m o g r a m s  o f  TPP ( F i g .  13 )  o c c u r s  a t  

t h e  p o t e n t i a l  e x p e c t e d  f o r  o x i n d o l y l a l a n i n e  ( T a b l e  10) .

A n o t h e r  r o u t e  f o r  t h e  f o r m a t i o n  o f  d i o x i n d o l y l a l a n i n e  

i n v o l v e s  a t t a c k  o f  w a t e r  on ^  g i v i n g  t h e  2 , 3 - d i h y d r o x y -  

i n d o l i n e  ( 2 )  f o l l o w e d  by e l e c t r o c h e m i c a l  o x i d a t i o n  ( F i g .  

4 0 ) .  A l t e r n a t i v e l y ,  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  5 t o  ]_ 

f o l l o w e d  by a d d i t i o n  o f  w a t e r  wo u l d  a l s o  g i v e  d i o x i n d o l y l 

a l a n i n e  ( F i g .  4 0 ) .

T h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  e x p e r i m e n t s  i n d i c a t e  

t h a t  an i n t e r m e d i a t e  i s  g e n e r a t e d  by t h e  p e a k  1  ̂ o x i d a t i o n  

o f  TPP w h i c h  a b s o r b s  a t  ca_. 245  nm and , as i t  d e c a y s ,  g i v e s  

p r o d u c t s  w h i c h  a b s o r b  s t r o n g l y  a t  213  nm.  F u r t h e r m o r e ,  t h i s  

i n t e r m e d i a t e  i s  r e s p o n s i b l e  f o r  c y c l i c  v o l t a m m e t r i c  r e d u c 

t i o n  p e a k  1 1 (.* 1 1  i s  s u g g e s t e d  t h a t  ^  i s  t h e  i n t e r m e d i a t e

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

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

w a v e l e n g t h s  and i t  w o u l d  a l s o  be e x p e c t e d  t o  be e l e c t r o -  

c h e m i c a l l y  r e d u c i b l e .  The  s i m p l e s t  and most  p r o b a b l e  r e d u c 

t i o n  r o u t e  f o r  ^  wo u l d  i n v o l v e  a 2 ^ - 2 H*  r e a c t i o n  g i v i n g  t h e  

2 - h y d r o x y  i n d o l i  ne ( 1 ^ ,  F i g .  4 0 ) .

Based on t h e  i n f o r m a t i o n  a v a i l a b l e  i t  i s  v e r y  d i f f i c u l t  

t o  d e c i d e  w h i c h  s p e c i e s  a r e  r e s p o n s i b l e  f o r  pe a k s  1 1 1 ^'  and 

I Vg'  o b s e r v e d  i n c y c l i c  v o l t a m m o g r a m s  o f  TPP.  I t  i s  p o s s i 
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b l e  t h a t  t h e  2 , 3 - d i h y d r o x y i n d o l  i n e  (£)  f o r m e d  by t h e  r a t h e r  

s l o w h y d r a t i o n  o f  i n t e r m e d i a t e s  ^  or  ^  c o u l d  be r e s p o n s i b l e  

f o r  a t  l e a s t  one  o f  t h e s e  p e a k s  l e a d i n g  t o  d i o x i n d o l y l a l a 

n i n e .

P r e v i o u s l y  i t  was c o n c l u d e d  t h a t  n e i t h e r  o x i n d o l y l a l a 

n i n e  nor  d i o x i n d o l y l a l a n i n e  a r e  l i k e l y  i n t e r m e d i a t e s  i n t h e  

o x i d a t i o n  o f  TPP t o  k y n u r e n i n e l 3 , 4 0 , 4 1 , 9 0 ^  H o w e v e r ,  r i n g  

o p e n i n g  o f  i n t e r m e d i a t e  2  s h o u l d  r e a d i l y  l e a d  t o  k y n u r e n i n e  

V i a  ( F i g .  4 0 ) .  The  y i e l d  o f  1_1 f r o m  i n c o m p l e t e  c o n t r o l 

l e d  p o t e n t i a l  e l e c t r o o x i d a t i o n  o f  TPP i s  e x t r e m e l y  s m a l l .  

Any k y n u r e n i n e  f o r me d  d u r i n g  t h e  e l e c t r o l y s e s  o f  TPP woul d  

be i m m e d i a t e l y  o x i d i z e d  ( T a b l e  1 0 ) .  T h u s ,  i t  m u s t  be c o n 

c l u d e d  t h a t  t h e  s m a l l  a m o u n t  o f  k y n u r e n i n e  d e t e c t e d  among  

t h e  p r o d u c t s  o f  p a r t i a l l y  o x i d i z e d  TPP m u s t  be due  t o  i t s  

f o r m a t i o n  f r o m  i n t e r m e d i a t e s  ^  and 2 » t h e  f o r m e r  t w o  o f  

w h i c h  a p p e a r  t o  h a v e  l i f e t i m e s  o f  a f e w  m i n u t e s .  I n  o t h e r  

w o r d s ,  a t  t h e  i n s t a n t  t h a t  t h e  p a r t i a l  e l e c t r o l y s i s  o f  TPP 

i s  t e r m i n a t e d  some Z ,  ^  a n d  9. r e m a i n s  and d e c o m p o s e s  t o  

k y n u r e n i n e  and o x i n d o l y l a l a n i n e .  C y c l i c  v o l t a mm o g r a m s  o f  

TPP a t  pH < 7 . 0  show a s m a l l  r e d u c t i o n  p e a k  I I I ^  ( F i g .  9 ) .  

T h i s  peak can o n l y  be o b s e r v e d  a f t e r  s c a n n i n g  t h r o u g h  o x i d a 

t i o n  p e a k  I g .  Ep v a l u e s  f o r  p e a k  I I a r e  v i r t u a l l y  t h e  

s ame as t h o s e  o b s e r v e d  f o r  t h e  s i n g l e  r e d u c t i o n  peak  o f  

k y n u r e n i n e .  F u r t h e r m o r e ,  r e d u c t i o n  p e a k  1 1 1 ^  o b s e r v e d  i n  

c y c l i c  v o l t a m m o g r a m s  o f  TPP a t  pH < 7 . 0  i s  n o t  o b s e r v e d  a t  

pH ^  7 . 0 .  T h e  r e d u c t i o n  p e a k  o f  IJ^ a l s o  d i s a p p e a r s  a t  pH ^
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7 . 0 .

C o n t r o l l e d  p o t e n t i a l  e l e c t r o o x i d a t i o n  o f  TPP a t  p o t e n 

t i a l s  much more p o s i t i v e  t h a n  o x i d a t i o n  peak I g  r e s u l t s  i n  

t h e  e l i m i n a t i o n  o f  t h e  t r i c y c l i c  p y r r o l o i n d o l e  2 * o x i n d o l y l 

a l a n i n e ,  d i o x i n d o l y l a l a n i n e  and k y n u r e n i n e  as p r o d u c t s .  

I n d e e d ,  o n l y  p r o d u c t s  r e s p o n s i b l e  f o r  l i q u i d  c h r o m a t o g r a p h i c  

p e a k s  A and B r e m a i n  a f t e r  such e l e c t r o l y s e s  ( e . g . .  F i g .  

1 9 E) .  H o w e v e r ,  Ep d a t a  shown i n  T a b l e  10 i n d i c a t e s  t h a t  a t  

p o t e n t i a l s  a b o u t  350 mV mor e  p o s i t i v e  t h a n  t h e  p o t e n t i a l  o f  

p e a k  I  g o f  TPP mo s t  i d e n t i f i e d  o x i d a t i o n  p r o d u c t s  a r e  

o x i d i z e d .  D e t a i l e d  s t u d i e s  o f  t h e s e  o x i d a t i o n s  h a v e  n o t  

been c a r r i e d  out .  H o w e v e r ,  i t  has been f o u n d  t h a t  f o l l o w i n g  

t h e  c o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s e s  o f  t h e  t r i c y c l i c  p y r 

r o l o i n d o l e  2 > o x i n d o l y l a l a n i n e  and d i o x i n d o l y l a l a n i n e ,  

l i q u i d  c h r o ma t o g r a ms  o f  t h e  r e s u l t i n g  p r o d u c t  m i x t u r e s  a r e  

s i m i l a r  t o  t h o s e  o b t a i n e d  a f t e r  o x i d a t i o n  o f  TPP a t  v e r y  

p o s i t i v e  p o t e n t i a l s  ( i . e . ,  LC peaks A and B a p p e a r ) .

T h e  r e a c t i o n  p a t h w a y s  shown i n  F i g .  40 p r o v i d e  a 

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

o f  TPP p a r t i c u l a r l y  b e t w e e n  pH 2 . 0 - 7 . 4 .  H o w e v e r ,  l i q u i d  

c h r o m a t o g r a m s  o f  t h e  p r o d u c t s  f or med upon i n c o m p l e t e  e l e c 

t r o l y s i s  o f  TPP a t  pH 1 0 . 6 5  show o n l y  LC p e a k s  A,  B, and C  

( F i g .  1 9 F ) .  LC p e a k s  A and  B a p p e a r  t o  be d u e  t o  t h e  same  

or  s i m i l a r  o l i g o m e r i c  or  p o l y m e r i c  p r o d u c t s  as a r e  f o r me d  a t  

l o w e r  pH v a l u e s .  H o w e v e r ,  LC peak  C  i s  d u e  t o  2 - c a r b o x y -  

3 a , 8 a - d i h y d r o x y - l , 2 , 3 , 3 a , 8 , 8 a - h e x a h y d r o p y r r o l o - ( 2 , 3 b ) - i n d o l e
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( 1 3 ) f o r m e d  by i n t r a c y c l i z a t i o n  o f  d i o x i n d o l y l a l a n i n e .  The 

a b s e n c e  o f  o x i n d o l y l a l a n i n e  as a m a j o r  p r o d u c t  a t  h i g h e r  pH 

i s  p r o b a b l y  r e l a t e d  t o  t h e  c l o s e n e s s  o f  i t s  o x i d a t i o n  p o t e n 

t i a l  t o  t h a t  o f  TPP.  F o r  e x a m p l e ,  Ep v a l u e s  f o r  t h e s e  t wo  

c o m p o u n d s  a r e  c l o s e r  a t  h i g h e r  pH t h a n  a t  l o w e r  pH v a l u e s .  

F u r t h e r m o r e ,  t h e  v o l t a m m e t r i c  p e a k s  f o r  TPP and 6̂  a r e  

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

o x i d i z e  TPP,  ^  i s a l s o  o x i d i z e d  t o  d i o x i n d o l y l a l a n i n e  whi ch  

r e a r r a n g e s  t o  t h e  d i h y d r o x y  p y r r o l o i n d o l e  (1_3) a t  h i g h  pH.  

W h i l e  i t  i s  p r o b a b l e  t h a t  s m a l l  a m o u n t s  o f  t r i c y c l i c  p y r 

r o l o i n d o l e  3  a r e  c o - e l u t e d  u n d e r  LC peak C  ( F i g .  1 9 F ) ,  t h i s  

c o m p o u n d  2  c o u l d  n o t  b e  d e t e c t e d  i n  t h e  p r e s e n c e  o f  

d i  h y d r o x y  p y r r o l o i n d o l e  ( J ^ )  w h i c h  has a v e r y  s i m i l a r  U.V.  

s p e c t r u m .

I t  i s  i m p r o t a n t  t o  n o t e  t h a t  t h e  p r o d u c t s  s u c h  as t h e  

t r i c y c l i c  p y r r o l o i n d o l e ,  o x i n d o l y l a l a n i n e  and k y n u r e n i n e  ar e  

t h e  end p r o d u c t s  o f  2e  ̂ o x i d a t i o n s  o f  TPP w h i l e  d i o x i n d o l y l 

a l a n i n e  r e q u i r e s  a 4e  ̂ o x i d a t i o n .  C o u l o m e t r i c  j i - v a l u e s  wer e  

a l w a y s  2  4 . 0 .  I t  i s  known t h a t  t h e  t r i c y c l i c  p y r r o l o i n d o l e  

and k y n u r e n i n e  ar e  o x i d i z e d  a t  peak I g  p o t e n t i a l s  and t h e r e 

f o r e  a r e  o n l y  d e t e c t e d  i n  s m a l l  y i e l d s  in i n c o m p l e t e  o x i d a 

t i o n s  o f  T PP.  O x i n d o l y l a l a n i n e  and t o  a l e s s e r  e x t e n t  

d i o x i n d o l y l a l a n i n e  can a l s o  be o x i d i z e d  a t  p e a k  I  g p o t e n 

t i a l s .  A l l  o f  t h e s e  s e c o n d a r y  e l e c t r o o x i d a t i o n s  c o n t r i b u t e  

t o  a g r e a t e r  or  l e s s e r  e x t e n t  t o  e x p e r i m e n t a l  ^ - v a l u e s .
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3 ,  B.  ENZYMATIC OXI DATI ON OF TRYPTOPHAN

^  ^  S p e c t r a l  s t u d y

The o x i d a t i o n  o f  L - t r y p t o p h a n  by t y p e  V I ,  V I I I  and 

I X  p e r o x i d a s e s  and c h l o r o p e r o x i d a s e  w e r e  s t u d i e d  i n  p h o s 

p h a t e  b u f f e r s  (u = 0 . 5 )  pH 4 . 2 9  and pH 7 . 0 .  T h e s e  pHs w e r e  

c h o s e n  b e c a u s e  t h e y  w e r e  t h e  same pHs as t h o s e  c a r r i e d  o u t  

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

Type V I  p e r o x i d a s e .

U. V.  s p e c t r a  w e r e  r e c o r d e d  t h r o u g h o u t  t h e  c o u r s e  

o f  t h e  o x i d a t i o n  o f  L - t r y p t o p h a n  by t y p e  VI  p e r o x i d a s e  a t  pH

4 . 2 9  a n d  a r e  s hown i n  F i g u r e  41 A. C u r v e  0 i n  F i g .  4 1 A i s  

t h e  s p e c t r u m  o f  t r y p t o p h a n  ( A ( „ a x  “ 2 7 3  , a n d  2 1 8  nm a t  pH 

4 . 2 9 ) .  Upon i n i t i a t i o n  o f  t h e  e n z y m a t i c  o x i d a t i o n  w i t h  t y p e  

V I  p e r o x i d a s e  ( F i g .  41 A)  b o t h  U.V.  a b s o r p t i o n  b a n d s  o f  L -  

t r y p t o p h a n  b e g i n  t o  d e c r e a s e .  S i m u l t a n e o u s l y ,  t h e  a b s o r 

b a n c e  b e t w e e n  2 3 0 - 2 6 5  nm and 2 8 5 - 3 9 0  nm i n c r e a s e s .  Cur ve  12 

i n  F i g .  4 1 A i s  t h e  s p e c t r u m  o b s e r v e d  whe n  L - t r y p t o p h a n  has  

b e e n  l a r g e l y  o x i d i z e d  a n d  t h e  p r o d u c t  m i x t u r e  shows U. V.  

a b s o r p t i o n  b a n d s  a t  A  = 2 9 5 ( s h ) ,  2 8 0 ( s h ) ,  27 5 , 2 5 5 ,  and  

2 1 6  nm.  S p e c t r a l  c h a n g e s  d u r i n g  t h e  o x i d a t i o n  o f  L - t r y p 

t o p h a n  w i t h  t y p e  V I  p e r o x i d a s e  a t  pH 7 . 0  w e r e  r e c o r d e d  and  

a r e  s h o w n  i n  F i g .  4 1 8 .  T h e s e  s p e c t r a l  r e s u l t s  a r e  s i m i l a r  

t o  t h o s e  o b s e r v e d  a t  pH 4 . 2 9  e x c e p t  t h a t  t h e  r e a c t i o n  was  

s l o w e r  t h a n  a t  pH 4 . 2 9 .
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340 380260 300220 220 300260 340 380

Wavelength /  nm

F i g .  41 S p e c t r a  t a k e n  d u r i n g  t h e  c o u r s e  o f  t h e  o x i d a t i o n  o f  
L - T P P  ( 6 6 . 7  uM)  by H 0 O2  ( 6 6 . 7  uM)  c a t a l y z e d  by t h e
t y p e  V I  p e r o x i d a s e  ( 1 . 1 3  uM)  i n  p h o s p h a t e  b u f f e r
( A )  pH 4 . 2 9  ( B)  pH 7 . 0 .  C u r v e s  0 a r e  t h e  i n i t i a l
s p e c t r a  o f  L - T P P .  S p e c t r a  w e r e  r e c o r d e d  a t  t h e  
f o l l o w i n g  t i m e s  a f t e r  i n i t i a t i o n  o f  t h e  o x i d a t i o n s :

( A ) :  ( 1 )  15  m i n  ( 2 )  30  m i n  ( 3 )  1 h ( 4 )  1 1 / 2  h ( 5 )  2 h 
( 6 ) 3 h ( 7 )  3 1 / 2  h ( 8 ) 4 h ( 9 )  6  h ( 1 0 )  8  h ( 1 1 )
9 h ( 1 2 )  10 h.

( B ) :  ( 1 )  2 0  m i n  ( 2 )  40  m i n  ( 3 )  1 h ( 4 )  1 . 5  h ( 5 )  2 h
40 mi n ( 6 ) 4 h ( 7 )  6  h ( 8 ) 12 h.
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Type  V I I I  p e r o x i d a s e

The o x i d a t i o n  r e a c t i o n  o f  L - t r y p t o p h a n  c a t a l y z e d  

by t y p e  V I I I  p e r o x i d a s e  showed s l i g h t l y  d i f f e r e n t  s p e c t r a l  

change s  ( F i g .  42A)  t o  t h o s e  o b s e r v e d  w i t h  t y p e  V I  ( F i g .  41A)  

and t y p e  I X  ( F i g .  4 3 A)  p e r o x i d a s e s .  C u r v e  0 i n  F i g .  4 2 A i s  

t h e  i n i t i a l  s p e c t r u m  o f  L - t r y p t o p h a n .  Upon i n i t i a t i o n  o f

t h e  e n z y m a t i c  o x i d a t i o n  w i t h  t y p e  V I I I  p e r o x i d a s e ,  a much

l a r g e r  d e c r e a s e  o f  t h e  U. V.  a b s o r p t i o n  b a n d  a t  2 1 8  nm i s  

o b s e r v e d  and  t h i s  a b s o r p t i o n  band  i s  r e p l a c e d  by a s m a l l e r  

U. V.  a b s o r p t i o n  band a t  2 1 4  nm d u r i n g  t h e  c o u r s e  o f  t h e  

o x i d a t i o n .  I n  a d d i t i o n ,  t h e  w e l l - d e f i n e d  U. V.  a b s o r p t i o n  

b a n d s  a t  ^ ^ l a x  " 2 96 a nd  2 4 2  nm i n c r e a s e d  i n  a b s o r b a n c e  

( c u r v e  I I .  F i g .  4 2 A ) .  T h e  o x i d a t i o n  r e a c t i o n  c a t a l y z e d  by 

t y p e  V I I I  p e r o x i d a s e  i s  much s l o w e r  t h a n  t h a t  c a t a l y z e d  by 

t y p e  VI  p e r o x i d a s e .  S p e c t r a  r e c o r d e d  d u r i n g  t h e  o x i d a t i o n  

o f  L - T P P  w i t h  t y p e  V I I I  p e r o x i d a s e  a t  pH 7 . 0  a r e  shown i n  

F i g u r e  42 8 . The  g e n e r a l  t r e n d s  o f  s p e c t r a l  c h a n g e s  a t  pH 

7 . 0  a r e  q u i t e  s i m i l a r  t o  t h o s e  r e p o r t e d  a t  pH 4 . 2 9  e x c e p t

t h e  r e a c t i o n  was s l o w e r  t h a n  a t  pH 4. 29 .

Type  I X p e r o x i d a s e

The o x i d a t i o n  r e a c t i o n  c a t a l y z e d  by t y p e  IX p e r o 

x i d a s e  a t  pH 4 . 2 9  ( F i g .  4 3 A )  and a t  pH 7 , 0  ( F i g .  4 3 8 )  sh o we d  

s i m i l a r  c h a n g e s  w i t h  t h e  o x i d a t i o n  r e a c t i o n  c a t a l y z e d  by 

t y p e  V I  p e r o x i d a s e  a t  pH 4 . 2 9  ( F i g . 41 A) a nd  a t  pH 7 . 0  ( F i g .  

4 1 8 ) ,  r e s p e c t i v e l y ,  e x c e p t  t h e  o x i d a t i o n  p r o c e e d e d  a t  much 

s l o w e r  r a t e  t han  w i t h  t h e  t y p e  VI  and t y p e  V I I I  p e r o x i d a s e s .
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F i g .  42 S p e c t r a  t a k e n  d u r i n g  t h e  c o u r s e  o f  t h e  o x i d a t i o n  o f  
L - T P P  ( 6 6 . 7  uM)  by H 2 O2  ( 6 6 . 7  uM)  c a t a l y z e d  by t h e  
t y p e  V I I I  p e r o x i d a s e  ( 1 . 13  uM) i n  p h o s p h a t e  b u f f e r  
( A)  pH 4 . 2 9  ( B)  pH 7 . 0 .  C u r v e s  0 a r e  t h e  i n i t i a l
s p e c t r a  o f  L - T P P .  S p e c t r a  w e r e  r e c o r d e d  a t  t h e  
f o l l o w i n g  t i m e s  a f t e r  i n i t i a t i o n  o f  t h e  o x i d a t i o n s :

( A ) :  ( 1 )  25  mi n  ( 2 )  45 m i n  ( 3 )  75 m i n  ( 4 )  2 . 5  h ( 5 )
4 . 5  h ( 6 ) 5 . 2 5  h ( 7 )  6 . 3 3  h ( 8 ) 8 . 3 3  h ( 9 )  8 . 5
h ( 1 0 )  18 h ( 1 1 )  36  h.

( B ) :  ( 1 )  1 h ( 2 )  2 h ( 3 )  2 h 45 m i n  ( 4 )  4 h ( 5 )  5 h
30 mi n  ( 6 ) 7 . 5  h ( 7 )  8  h ( 8 ) 9 h 45  m i n  ( 9 )  12
h ( 1 0 )  14 h.
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F i g .  43 S p e c t r a  t a k e n  d u r i n g  t h e  c o u r s e  o f  t h e  o x i d a t i o n  o f  
L - T P P  ( 6 6 . 7  uM)  by HoOg ( 6 6 . 7  uM)  c a t a l y z e d  by t h e
t y p e  I X  p e r o x i d a s e  ( 1 . 1 3  uM)  i n  p h o s p h a t e  b u f f e r
( A)  pH 4 . 2 9  ( B)  pH 7 . 0 .  C u r v e s  0 a r e  t h e  i n i t i a l
s p e c t r a  o f  L - T P P .  S p e c t r a  w e r e  r e c o r d e d  a t  t h e  
f o l l o w i n g  t i m e s  a f t e r  i n i t i a t i o n  o f  t h e  o x i d a t i o n s :

( A ) :  ( 1 )  15 mi n  ( 2 )  30  m i n  ( 3 )  1 h ( 4 )  1 . 5  h ( 5 )  2 h
( 6 ) 3 . 5  h ( 7 )  4 . 5  h ( 8 ) 5 . 5  h ( 9 )  7 h ( 1 0 )  1 3 . 5
h ( 1 1 )  24  h ( 1 2 )  3 0  h ( 1 3 )  48  h.

( B ) :  ( 1 )  15 mi n  ( 2 )  3 0  m i n  ( 3 )  1 h ( 4 )  2 h ( 5 )  3 h
( 6 ) 5 h ( 7 )  17 h.
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C h i o r o p e r o x i d a s e .

L - t r y p t o p h a n  was  o n l y  s l i g h t l y  o x i d i z e d  (< 5%)  

o v e r  t h e  c o u r s e  o f  1 2  h by c h l o r o p e r o x i d a s e  u n d e r  t h e  same  

e x p e r i m e n t a l  c o n d i t i o n s  used f o r  t h e  o t h e r  e n z y me s .

Based on t h e  above  r e s u l t s ,  i t  i s  c l e a r  t h a t  t h e  o x i d a 

t i o n  o f  L - t r y p t o p h a n  by H2 O2  i n  t h e  p r e s e n c e  o f  t y p e  V I ,  

V I I I ,  a n d  I X  p e r o x i d a s e s  i s  r a t h e r  s l o w .  T h e  e n z y m a t i c  

o x i d a t i o n  a p p e a r s  t o  p r o c e e d  mor e  r a p i d l y  a t  pH 4 . 29  t ha n  a t  

pH 7 . 0 .  U . V .  s p e c t r a  o f  t h e  f i n a l  p r o d u c t  s o l u t i o n s  w e r e  

s i m i l a r  f o r  a l l  t h r e e  p e r o x i d a s e s  used.  The  r e a c t i o n  w i t h  

t y p e  V I  p e r o x i d a s e  i s  r e p r e s e n t a t i v e  b e c a u s e  s p e c t r a l  

c h a n g e s  s i m i l a r  t o  o t h e r  e n z y m e s .  I t  was  u s e d  b e c a u s e  

r e a c t i o n  i s  so much f a s t e r .  He n c e ,  t h e  d e t a i l e d  s t u d i e s  we r e  

l i m i t e d  t o  t h e  r e a c t i o n  c a t a l y z e d  by t h e  t y p e  VI  p e r o x i d a s e .  

E x p e r i m e n t s  w e r e  a l s o  c a r r i e d  out  u n d e r  t h e  same c o n d i t i o n s  

d e s c r i b e d  a b o v e  but  w i t h o u t  any e nz yme .  Un d e r  t h e s e  c o n d i 

t i o n s  L - t r y p t o p h a n  wa s  n o t  o x i d i z e d  by H2 O2  o v e r  t i m e  p e 

r i o d s  up t o  one mont h.

^  I s o l a t i o n  a n d  I d e n t i f i c a t i o n  o f  e n z y m a t i c  

o x i d a t i o n  p r o d u c t s .

No a t t e m p t s  wer e  made i n  t h i s  s t u d y  t o  i n v e s t i g a t e  t h e  

s t o i c h i o m e t r y ,  k i n e t i c s  o r  r e l a t e d  a s p e c t s  o f  t h e  p e r o x i 

d a s e - c a t a l y z e d  o x i d a t i o n s  o f  L - t r y p t o p h a n .  I t  was of  more  

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

r e a c t i o n .  I n  o r d e r  t o  a c c o m p l i s h  t h i s  i t  wa s  n e c e s s a r y  t o
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c a r r y  ou t  o x i d a t i o n s  on a l a r g e  s c a l e .  T y p i c a l l y ,  5 - 6  mg o f  

L - t r y p t o p h a n  was d i s s o l v e d  i n  30 ml  o f  p h o s p h a t e  b u f f e r  pH

4 . 2 9  ( u=  O . I M )  o r  i n  v e r y  d i l u t e  MCI  h a v i n g  t h e  same pH.  

T h e n  5 . 0  ml  o f  H2 O2  s o l u t i o n  ( 6 2  mM) was a d d e d  f o l l o w e d  by

4. 5 mg o f  t y p e  VI  p e r o x i d a s e .  The r e s u l t i n g  i n i t i a l  c o n c e n 

t r a t i o n s  o f  L - t r y p t o p h a n ,  H2 O2  and p e r o x i d a s e  we r e  t hus  

0 . 1  m^l ,  8 . 8  mM̂ , and 3 . 7 5  uhi ( 2 7 :  2 3 4 7  : 1 ) ,  r e s p e c t i v e l y .  

The homogeneous  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room t e m p e 

r a t u r e  f o r  10 days .  As t h e  o x i d a t i o n  p r o c e e d e d  t h e  s o l u t i o n  

b e c a m e  y e l l o w .  T h e  s p e c t r a l  c h a n g e s  o b s e r v e d  d u r i n g  t h e  

e n z y m a t i c  o x i d a t i o n  w e r e  s i m i l a r  t o  t h o s e  s h o w n  i n  F i g s .  

4 1 A ,  4 2 A a n d  4 3A.  A l t h o u g h  a l a r g e  e x c e s s  o f  H2 O2  was use d  

o v e r  L - t r y p t o p h a n  under  t h e s e  c o n d i t i o n s ,  t h e  o x i d a t i o n  was 

n o t  c o m p l e t e  e v e n  a f t e r  10 d a y s  and o n l y  4 0 - 5 0 %  o f  t h e  L -  

t r y p t o p h a n  o r i g i n a l l y  p r e s e n t  was  o x i d i z e d .  A t  t h e  end o f  

10 days t h e  y e l l o w  p r o d u c t  s o l u t i o n  was f r e e z e - d r i e d .  The  

r e s u l t i n g  s o l i d  was r e d i s s o l v e d  i n  2  ml  o f  d i s t i l l e d  

w a t e r  and  i n j e c t e d  o n t o  a c o l u m n  o f  S e p h a d e x  G - 1 0  u s i n g  

w a t e r  as t h e  e l u e n t .  T y p i c a l  l i q u i d  c h r o m a t o g r a m s  o f  p r o 

d u c t  m i x t u r e  f o r me d  i n  pH 4 . 2 9  p h o s p h a t e  b u f f e r  shows seven  

l i q u i d  c h r o m a t o g r a p h i c  p e a k s  ( A ,  8 , C,  0 ,  E ,  F , and  I ,  F i g .  

4 4 A ) .  L i q u i d  c h r o m a t o g r a p h i c  ( LC)  pe a k  A i s  p r i m a r i l y  due  

t o  p e r o x i d a s e .  LC p e a k  B i s  p a r t i a l l y  due t o  i n o r g a n i c  

p h o s p h a t e  and one o f  t h e  p r o d u c t s .  L i q u i d  c h r o m a t o g r a ms  o f  

t h e  e n z y m a t i c  p r o d u c t s  f o r m e d  i n  d i l u t e  HCl  a t  pH 4 . 2  ( F i g .  

4 4 8 )  we r e  s i m i l a r  t o  t h o s e  o b t a i n e d  when t h e  o x i d a t i o n  was 

c a r r i e d  o u t  i n  p h o s p h a t e  b u f f e r .  A g a i n ,  LC p e a k  A i s  due t o
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F i  g.  4 4  L i q u i d  c h r o m a t o g r a m s  o f  t h e  p r o d u c t s  f o r m e d  by 
o x i d a t i o n  o f  L - T P P  (c_â . 0 . 1  mM)  by  Ho On ( 8 . 8  mM)  i n  
t h e  p r e s e n c e  o f  t y p e  VI  p e r o x i d a s e  ( 3 . 7 5  uM) i n  (A)  
pH 4 . 2 9  p h o s p h a t e  b u f f e r  (u = O . I M )  a n d  ( B)  d i l u t e  
HCl  (pH 4 . 2 0 ) .  C h r o m a t o g r a p h y  was done on a c o l umn  
o f  S e p h a d e x  6 - 1 0  ( 9 0  x 2 . 5  cm)  u s i n g  w a t e r  as t h e  
e l u e n t  ( 34 m l h " ^ ) .
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t h e  p e r o x i d a s e  e n z y m e .  H o w e v e r ,  LC peak  B i n  F i g .  4 4 A a l s o  

c o n s i s t s  o f  t h r e e  or more o v e r l a p p i n g  peaks.  T h e s e  b e h a v i o r s  

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

s o l u t i o n s  o r g a n i c  p r o d u c t s  d e r i v e d  f r o m  o x i d a t i o n  o f  L -  

t r y p t o p h a n  w e r e  e l u t e d  u n d e r  LC p e a k  B. T h e  r e m a i n i n g  LC 

peaks C - I  a r e  e s s e n t i a l l y  t h e  same f o r  t h e  p r o d u c t s  f or med  

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

p o n d i n g  t o  LC peaks B - I  was c o l l e c t e d  and f r e e z e - d r i e d .

L i q u i d  c h r o m a t o g r a p h i  c component  ^

T h e  s o l i d  m a t e r i a l  e l u t e d  u n d e r  LC p e a k  B was  

b r i g h t  y e l l o w  s o l i d .  I n  w a t e r  i t s  U.V.  s p e c t r u m  e x h i b i t e d  

s h o u l d e r s  a t  2 9 0 ,  2 3 5  , and 2 0 5  nm.  The  s h o u l d e r  a t  2 90 nm 

e x t e n t e d  beyond 380 nm r e s u l t i n g  i n t he  y e l l o w  c o l o r  o f  t he  

s o l u t i o n .  T h i s  p r o d u c t  g a v e  no v o l t a m m e t r i c  o x i d a t i o n  o r  

r e d u c t i o n  p e a k s  a t  t h e  PGE b e t w e e n  pH 2 . 0  -  1 1 . 0 .  MS and 

F AB- MS ( g l y c e r o l  or  t h i o g l y c e r o l  m a t r i x )  f a i l e d  t o  g i v e  

u s e f u l  mass s p e c t r a l  i n f o r m a t i o n .  S i m i l a r l y  s i l y l a t i o n  w i t h  

BSA,  BSTFA and  MTBSTFA i n  v a r i o u s  s o l v e n t s  ( p y r i d i n e ,  DMF,  

and a c e t o n i t r i l e )  d i d  not  g i v e  a v o l a t i l e  d e r i v a t i v e  whi ch  

c o u l d  be a n a l y z e d  by gas c h r o m a t o g r a p h y .  T h u s ,  i t  i s  t e n t a 

t i v e l y  c o n c l u d e d  t h a t  LC c o mp o n e n t  B i s p r o b a b l y  an o l i g o m e 

r i c  o r  p o l y m e r i c  c o mp o u n d .  LC c o m p o n e n t  B o b t a i n e d  f r o m  

e l e c t r o c h e m i c a l  o x i d a t i o n  shows i d e n t i c a l  U. V. ,  mass ,  FAB-MS 

and GC- MS p r o p e r t i e s  t o  t h o s e  r e p o r t e d  f o r  LC c o m p o n e n t  B 

o b t a i n e d  f r o m  e n z y m a t i c  o x i d a t i o n .
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L i q u i d  c h r o m a t o q r a p h i  c c omponent s  £  and £ .

The  component s  e l u t e d  under  LC p e a k s  C and D we r e  

v e r y  p a l e  y e l l o w  s o l i d s .  I n  w a t e r  t h e y  s h o w e d  i d e n t i c a l  

U. V.  s p e c t r a  ( " 2 9 3 ,  2 3 3 ,  and 2 0 5  nm.  F i g .  2 0 ) .  T h e

ma s s  s p e c t r u m  o f  c o m p o n e n t  C ( 70  e V ,  2 0 0 ° C )  s h o we d  t h e  

f o l l o w i n g  m a j o r  p e a k s ,  m / e  ( r e l a t i v e  a b u n d a n c e ) :  2 2 0  ( M * ,  

5 6 . 9 % ) ,  2 0 2  ( M ^ - H g O ,  4 . 3 % ) ,  1 7 7  ( 2 3 . 7 % ) ,  1 7 6  ( 1 1 . 5 % ) ,  175  

(M + - C OOH ,  2 2 . 2 % ) ,  1 5 8  ( 2 4 . 2 % ) ,  14 8  ( 1 7 . 5 % ) ,  1 4 7  ( 6 9 . 9 % ) ,  1 4 6  

(M + - C H ( N H 2 ) C 0 0 H ,  72 . 2 %) ,  132 (M' ^-CH2 .CH (NH2  )COOH, 100%) ,  120

( 2 5 . 3 % ) ,  1 1 9  ( 1 6 . 4 % ) ,  1 1 8  ( 2 0 . 1 % ) .  U n d e r  t h e  same c o n d i 

t i o n s  c o mp o n e n t  D gave a v i r t u a l l y  i d e n t i c a l  mass s p e c t r u m.

C o m p o n e n t s  C and  D w e r e  d e r i v a t i z e d  w i t h  BSA o r  

BSTFA ( 1 0 0  u l )  i n p y r i d i n e  ( 50  u 1) and d i m e t h y l  s u l f o x i d e  (50  

u 1)  i n  a s e a l e d  v i a l  a t  r o o m  t e m p e r a t u r e  f o r  2 4  h.  GC- MS  

( E l  and C l )  o f  t h e  t r i m e t h y l  s i l y l  d e r i v a t i v e  o f  component  C 

g a v e  a GC p e a k  a t  t p  = 3 0 . 9  m i n  t h a t  ha d  a m o l a r  mass o f  4 3 6  

g.  The d e r i v a t i v e  o f  compound D gave a GC peak  a t  t[^ = 3 1 . 4  

m i n  w h i c h  a l s o  had a m o l a r  ma s s  o f  4 3 6  g.

2 - c a r b o x y - 3 a - h y d r o x y - 1 , 2 , 3 , 3 a , 8 , 8 a - h e x a h y d r o p y r r o -  

1 0 - ( 2 , 3 b ) - i n d o l e  ( £)  shows i d e n t i c a l  U. V. ,  mass and GC-MS t o  

t h o s e  o b s e r v e d  f o r  c o mp o n e n t s  C and D. T h u s ,  LC component s  

C and D mu s t  be s t e r e o i s o m e r s  o f  t h e  t r i c y c l i c  p y r r o l o i n d o l e  

( £ ) .  S o ,  t h e  c o m p o n e n t s  C and  D o b t a i n e d  f r o m  e n z y m a t i c  

o x i d a t i o n  and t h e  c o mp o n e nt s  C and D o b t a i n e d  f r o m e l e c t r o 

c h e m i c a l  o x i d a t i o n  a r e  t h e  same compound.
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L i q u i d  c h r o m a t o g r a p h  i c component

LC component  E was a w h i t e  s o l i d .  I n  w a t e r  compo

n e n t  E s h o w e d  v e r y  w e l l - d e f i n e d  U. V.  a b s o r p t i o n  b a n d s  a t  

^ m a x  “ 2 8 7 ,  2 5 3 ,  and 2 0 5  nm ( F i g .  2 8 ) .  Ma s s  s p e c t r o m e t r y  

o f  t h e  s o l i d  ( 70  eV,  2 0 0 ° C )  g a v e  t h e  f o l l o w i n g  r e s u l t s ,  m/ e  

( r e l a t i v e  a b u n d a n c e ) :  2 3 7  ( 0 . 7 % ) ,  2 3 6  ( M ^ \  7 . 3 % ) ,  2 2 0

( 1 . 6 % ) ,  2 1 9  ( 1 . 1 % ) ,  2 1 8  ( M ^ - H g O ,  9 . 2 % ) ,  2 0 2  ( 0 . 9 % ) ,  201

( 2 . 3 % ) ,  2 0 0  ( 6 . 7 % ) ,  176  ( 1 . 1 % ) ,  1 7 5  ( 1 0 . 7 % ) ,  1 7 4  ( 6 2 . 1 % ) ,

1 7 3  ( 2 9 . 4 % ) ,  1 4 7  ( 1 7 . 1 % ) ,  1 4 6  ( 1 0 0 % ) ,  1 4 5  ( 4 7 . 9 % ) ,  1 4 4  ( 1 1 . 1  

%) ,  131  ( 1 1 . 2 % ) ,  130  ( 6 2 . 7 % ) ,  1 2 9  ( 2 2 . 4 % ) ,  1 2 8  ( 2 1 . 9 % ) ,  121  

( 1 0 . 6 % ) ,  1 2 0  ( 7 1 . 5 % ) ,  1 1 9  ( 2 1 . 7 % ) ,  1 1 8  ( 2 3 . 9 % ) ,  11 7  ( 2 9 . 1 % ) ,  

1 0 4  ( 1 1 . 8 % ) ,  1 0 3  ( 1 3 . 3 % ) ,  102  ( 1 1 . 0 % ) .

LC c o m p o n e n t  E was d e r i v a t i z e d  w i t h  BSA ( 7 0  u l )  i n  

a c e t o n i t r i l e  ( 70 u l )  i n a s e a l e d  r e a c t i - v i a l  a t  room t e m p e 

r a t u r e  f o r  o v e r  n i g h t  o r  a t  1 2 0 ° C  f o r  30 m i n .  E l  and  C l - M S  

on t h e  r e s u l t i n g  t r i m e t h y l  s i l y l  d e r i v a t i v e  ga ve  a s i n g l e  GC 

p e a k  a t  t[^ = 3 6 . 2  mi n  w h i c h  had a m o l a r  ma s s  o f  5 2 4  g.  

D e r i  v a t i z a t i o n  w i t h  BSA-dg u n d e r  t h e  same c o n d i t i o n  gave a 

s i n g l e  GC p e a k  a t  t[^ = 3 4 . 2  m i n  w h i c h  had a m o l a r  mass  o f  

560 g.  T h e s e  mass s p e c t r a l  d a t a  i n d i c a t e  t h a t  LC component  

E has  a m o l e c u l a r  w e i g h t  o f  2 3 6  and  t h a t  i t  f o r m s  a t e t r a -  

t r i m e t h y l  s i l y l  d e r i v a t i v e .  A u t h e n t i c  d i o x i n d o l y l a l a n i n e  

s h o ws  i d e n t i c a l  U . V . ,  mass  a n d  GC- MS p r o p e r t i e s  t o  t h o s e  

r e p o r t e d  f o r  LC component  E. T h u s ,  LC c o mp o n e n t  E o b t a i n e d  

f r o m  e l e c t r o c h e m i c a l  o x i d a t i o n  and LC c o mp o n e n t  E o b t a i n e d  

f r o m e n z y m a t i c  o x i d a t i o n  a r e  t h e  same compound.
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L i q u i d  c h r o m a t o g r a p h i c  component  £

LC component  F was a p a l e  y e l l o w  s o l i d .  I n w a t e r  

i t  e x h i b i t e d  t h r e e  U.V.  a b s o r p t i o n  bands a t  A  = 2 8 0 ( s h ) ,  

2 5 0 ,  a n d  2 0 0  nm ( F i g .  3 2 ) .  LC c o m p o n e n t  F c o u l d  be s i l y -  

l a t e d  w i t h  BSTFA ( 7 0  u l )  a t  r o o m t e m p e r a t u r e  f o r  24  h.  GC 

o f  t h e  r e s u l t i n g  d e r i v a t i v e  s ho we d  a s i n g l e  p e a k  a t  t[^ = 

3 2 . 8  mi n .  E l -  and C I - M S  o f  t h i s  d e r i v a t i v e  i n d i c a t e d  i t  had 

a m o l a r  mass  o f  4 3 6  g.  D e r i  v a t i z a t i o n  o f  LC c o m p o n e n t  F 

w i t h  MTBSTFA (70 u l )  i n  a c e t o n i t r i l e  (70 u l )  a t  room t e m p e 

r a t u r e  f o r  24  h h a v e  a t e r t b u t y l d i m e t h y l  s i l y l  d e r i v a t i v e  

w h i c h  showed a s i n g l e  GC peak a t  t[  ̂ = 38 . 6  m i n .  E l -  and C I -  

MS o f  t h i s  d e r i v a t i v e  i n d i c a t e d  i t  had a m o l a r  mass o f  562  

g. He n c e ,  LC component  F has a m o l e c u l a r  w e i g h t  o f  220 and 

can be s i l y l a t e d  a t  t h r e e  p o s i t i o n s .  A u t h e n t i c  o x i n d o l y l 

a l a n i n e  s h o w e d  i d e n t i c a l  GC,  GC- MS t o  t h a t  r e p o r t e d  a b o v e  

f o r  c o m p o n e n t  F.  T h u s ,  LC c o m p o n e n t  F o b t a i n e d  f r o m  e l e c 

t r o c h e m i c a l  o x i d a t i o n  and LC component  F o b t a i n e d  f r o m e n z y 

m a t i c  o x i d a t i o n  a r e  t h e  same compound.

L i q u i d  c h r o m a t o g r a p h i c  component  £ .

The U.V.  and s p e c t r a  o f  component  I  we r e  i d e n t i c a l  

t o  t h a t  o f  a u t h e n t i c  t r y p t o p h a n .

L .  COMP A R I S I ON  0 £  ELECTROCHEMI CAL AND ENZYMATI C  

OXI DATI ON PATHWAYS.

The r e a c t i o n  p a t h w a y  pr op o s e d  f o r  e l e c t r o c h e m i c a l  o x i -
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d a t i o n  o f  L - t r y p t o p h a n  h a s  b e e n  d i s c u s s e d  i n  d e t a i l  ( F i g .  

4 0 ) .

Under  t h e  c o n d i t i o n  d e s c r i b e d  above t h e  p r o d u c t s  f o r med  

i n  t h e  p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  L - t r y p t o p h a n  a r e  

v e r y  s i m i l a r  t o  t h o s e  f o r m e d  i n  t h e  e l e c t r o c h e m i c a l  o x i d a 

t i o n .  P r e l i m i n a r y  s t u d i e s  i n d i c a t e  t h a t  k y n u r e n i n e  i s  o x i 

d i z e d  u n d e r  t h e  same c o n d i t i o n s  used t o  o x i d i z e  L - t r y p t o p h a n  

by H2 O2 / p e r o x i d a s e  a t  pH 2 . 4  e x c e p t  t h a t  k y n u r e n i n e  o x i d a 

t i o n  i s  much s l o w e r  t h a n  w i t h  L - t r y p t o p h a n .  As t h e  p e r o x i 

d a s e - c a t a l y z e d  o x i d a t i o n  o f  k y n u r e n i n e  p r o c e e d s  t h e  r e a c t i o n  

s o l u t i o n  becomes y e l l o w .  L i q u i d  c h r o m a t o g r a p h y  o f  t h e  r e 

s u l t i n g  p r o d u c t s  shows a l a r g e  LC peak h a v i n g  a p p r o x i m a t e l y  

t h e  same r e t e n t i o n  vo l ume as LC peak B o b s e r v e d  i n  F i g s .  18

and 44.  No a t t e m p t  has been made t o  i d e n t i f y  t h i s  p r o d u c t ,

a l t h o u g h  i t s  U. V.  s p e c t r u m  i s  v e r y  s i m i l a r  t o  t h a t  o f  LC 

c o mpone nt  B o b t a i n e d  f r o m e l e c t r o c h e m i c a l  o x i d a t i o n  o f  TPP.  

T h us ,  t h e  f a i l u r e  t o  o b s e r v e  k y n u r e n i n e  as a p r o d u c t  o f  t he  

p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  L - t r y p t o p h a n  i s  p r o b a b l y  

b e c a u s e  i t  i s  i t s e l f  o x i d i z e d  by p e r o x i d a s e / H 2 0 2 .

U n f o r t u n a t e l y ,  t h e  r a t e  o f  t h e  e n z y m a t i c  o x i d a t i o n  

r e a c t i o n  i s  t o o  s l o w  t o  p e r m i t  s p e c t r a l  o b s e r v a t i o n  o f  

i n t e r m e d i a t e s  h a v i n g  h a l f - l i v e s  o f  a f e w  m i n u t e s  ( i . e . ,  2 

and F i g .  4 0 ) .  H o w e v e r ,  f o r m a t i o n  o f  a y e l l o w  p o l y m e r i c

m a t e r i a l  r e s p o n s i b l e  f o r  LC p e a k  B,  o x i n d o l y l a l a n i n e  ( 6 J ,

d i o x i n d o l y l a n i n e  ( ^ ) ,  t h e  i s o m e r s  o f  t r i c y c l i c  p y r r o l o i n d o l e  

2  and t r a c e  a m o u n t  o f  k y n u r e n i n e  ( H . )  as p r o d u c t s  o f  b o t h
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t h e  e n z y m a t i c  and e l e c t r o c h e m i c a l  o x i d a t i o n  r e a c t i o n s  

s u g g e s t  t h a t  bot h p r o c e s s  p r o c e e d  by v e r y  s i m i l a r  m e c h a n i s 

t i c  p a t h w a y .

I t  i s ,  p e r h a p s ,  w o r t h  n o t i n g  t h a t  c o n t r o l l e d  p o t e n t i a l  

e l e c t r o o x i d a t i o n s  o f  t r i c y c l i c  p y r r o l o i n d o l e  2 » o x i n d o l y l 

a l a n i n e  ( ^ ) , d i o x i n d o l y l a l a n i n e  (^)  and k y n u r e n i n e  ( 1 1 ) g i v e  

p r o d u c t s  w h i c h  show LC p e a k s  A and B. E x c e p t  f o r  LC compo

n e n t  ^  ( v i d e  s u p r a ) d e t a i l e d  s t u d i e s  o f  t h e s e  r e a c t i o n s ,  

h o w e v e r ,  have  not  been c a r r e i d  o u t .  E x p e r i m e n t s  t o  i n v e s t i 

g a t e  t h e  p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  2  and 8  have not  

y e t  b e e n  p e r f o r m e d .  H o w e v e r ,  t h e  r e l a t i v e l y  l a r g e  s c a l e  

e n z y m a t i c  o x i d a t i o n s  o f  L - t r y p t o p h a n  e m p l o y e d  a v e r y  l a r g e  

e x c e s s  o f  H2 O2  and r e s u l t e d  i n  q u i t e  l a r g e  y i e l d s  o f  _3» 

and 8  ( v i d e  s u p r a ) .  T h i s  s u g g e s t s  t h a t  i f  t h e  l a t t e r  c o m 

pounds a r e  o x i d i z e d  by p e r o x i d a s e ,  t h e  r e a c t i o n s  must  p r o 

c e e d  a t  a v e r y  s i g n i f i c a n t l y  s l o w e r  r a t e  t h a n  does  t h e  

o x i d a t i o n  o f  L - t r y p t o p h a n .  T h u s ,  i t  i s  u n l i k e l y  t h a t  d i 

o x i n d o l y l a l a n i n e  ( ^ )  i s  f o r m e d  as a r e s u l t  o f  t h e  p e r o x i 

d a s e - c a t a l y z e d  o x i d a t i o n  o f  o x i n d o l y l a l a n i n e  ( ^ ) .  I n  some  

p r e l i m i n a r y  e x p e r i m e n t s  i t  has  be e n  s h o wn  t h a t  u n d e r  t h e  

c o n d i t i o n s  used t o  o x i d i z e d  L - t r y p t o p h a n  by H 2 0 2 / p e r o x i d a s e  

a t  pH 4 . 2 9  o x i n d o l y l a l a n i n e  was not  o x i d i z e d  o v e r  t h e  c o u r s e  

o f  12 h.  T h u s ,  i t  m u s t  be c o n c l u d e d  t h a t  i n  t h e  e n z y m a t i c  

r e a c t i o n  i n t e r m e d i a t e s  ^  a n d / o r  9. t h e  s p e c i e s  wh i c h  a r e  

f u r t h e r  o x i d i z e d  l e a d i n g  u l t i m a t e l y  t o  d i o x i n d o l y l a l a n i n e  

( ^ )  as  s h o wn  i n  F i g .  4 0 .



CHAPTER 4 

CONCLUSION

T h e  r e s u l t s  r e p o r t e d  a b o v e  i n d i c a t e  t h a t  TPP i s  e l e c 

t r o c h e m i c a l  l y  o x i d i z e d  by an i n i t i a l ,  i r r e v e r s i b l e  2 ê  r e a c 

t i o n  t o  g i v e  a v e r y  r e a c t i v e  3 - m e t h y l e n e - i m i n e  i n t e r m e d i a t e .  

T h i s  i n t e r m e d i a t e ,  b e i n g  h i g h l y  e l e c t r o p h i 1 i c , i s  a t t a c k e d  

by n u c l e o p h i l e s  such as TPP,  w a t e r ,  and p r o b a b l y  even t he  3 -  

m e t h y l e n e - i m i n e  i n t e r m e d i a t e  p r e s e n t  i n  t h e  r e a c t i o n  s o l u 

t i o n .  N u c l e o p h i l i c  a t t a c k  by w a t e r  l e a d s  t o  t wo  d i f f e r e n t  

i n t e r m e d i a t e s  w h i c h  can be d e t e c t e d  by t h i n - l a y e r  s p e c -  

t r o e l e c t r o c h e m i s t r y  and c y c l i c  v o l t a m m e t r y .  A f t e r  t h e  nu

c l e o p h i l i c  a t t a c k  a r a t h e r  c o m p l e x  s e r i e s  o f  c h e m i c a l  and  

e l e c t r o c h e m i c a l  f o l l o w - u p  r e a c t i o n s  t h e n  o c c u r  l e a d i n g  t o  

f o r m a t i o n  o f  t wo  s t e r e o i s o m e r s  o f  t r i c y c l i c  p y r r o l o i n d o l e  2 » 

d i o x i n d o l y l a l a n i n e ,  o x i n d o l y l a l a n i n e  and k y n u r e n i n e  as f i n a l  

p r o d u c t s  a l o n g  w i t h  a t  l e a s t  t w o  o l i g o m e r i c  o r  p o l y m e r i c  

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

o x i d a t i o n  has been p r o p o s e d  f r o m  t h e  i d e n t i f i e d  f i n a l  p r o 

d u c t s .

The o x i d a t i o n  o f  L - t r y p t o p h a n  by H2 O2  c a t a l y z e d  by t y p e
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VI  p e r o x i d a s e  a p p e a r s  t o  be a r a t h e r  c o m p l e x  r e a c t i o n  l e a d 

i n g  t o  a t  l e a s t  one p o l y m e r i c  p r o d u c t  and f i v e  w e l l  c h a r a c 

t e r i z e d  m o n o m e r i c  p r o d u c t s  ( i . e . ,  t h e  s t e r e o i s o m e r s  o f  t h e  

t r y c y c l i c  p y r r o l o i n d o l e  2 » o x i n d o l y l a l a n i n e ,  and d i o x i n 

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

v e r y  r e a c t i v e  p r i m a r y  p r o d u c t  i s  f o r me d  w h i c h  can under go a 

number  o f  f u r t h e r  r e a c t i o n s .  P y r r o l o i n d o l e s ,  o x i n d o l y l a l a 

n i n e  and k y n u r e n i n e  may be f o r me d  by t h e  c h e m i c a l  r e a c t i o n s  

shown i n  F i g .  40.  F o r m a t i o n  o f  d i o x i n d o l y l a l a n i n e  r e q u i r e s  

a d d i t i o n a l  o x i d a t i o n  r e a c t i o n s .  T h i s  c o u l d  i n v o l v e  e n z y m a t i c  

o x i d a t i o n  o f  p u t a t i v e  ^  a n d / o r  ^  i n t e r m e d i a t e s .  I t  s e e ms  

u n l i k e l y  t h a t  o x i n d o l y l a l a n i n e  i s  a s u b s t r a t e  f o r  p e r o x i d a s e  

s i n c e  i t  i s  not  o x i d i z e d  by H2 O2 / p e r o x i d a s e  o v e r  t h e  c o ur se  

o f  12 h o u r s  u n d e r  t h e  c o n d i t i o n s  used  t o  o x i d i z e  L - t r y p t o 

p han .

T h e  s p e c t r a l  c h a n g e s  w h i c h  a c c o m p a n y  t h e  p e r o x i d a s e -  

c a t a l y z e d  o x i d a t i o n  o f  L - t r y p t o p h a n  and most  o f  t h e  p r o d u c t s  

f o r me d  a r e  v e r y  s i m i l a r  t o  t h o s e  o b s e r v e d  upon e l e c t r o c h e m i 

c a l  o x i d a t i o n .  E l e c t r o a n a l y t i c a l  t e c h n i q u e s  a l l o w  a mo r e  

d e t a i l e d  m e c h a n i s t i c  p i c t u r e  o f  t he  o x i d a t i o n  o f  L - t r y p t o 

phan.  I n  v i e w  o f  t h e  n o t e d  s i m i l a r i t i e s  b e t w e e n  t h e  e n z y ma 

t i c  and e l e c t r o c h e m i c a l  o x i d a t i o n  r e a c t i o n s  i t  seems r e a s o n 

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

t h e  t wo  r e a c t i o n  a r e  e s s e n t i a l l y  i d e n t i c a l .

T h e  r e a c t i o n  p a t h w a y s  p r e s e n t e d  i n  F i g .  40 p r o v i d e  a 

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

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



PART I I

ELECTROCHEMI CAL AND ENZYMATI C OXI DATI ON OF 7- METHYLURI C

ACID

CHAPTER 1 

INTRODUCTI ON

T h e  e l e c t r o c h e m i c a l  and e n z y m a t i c  o x i d a t i o n s  o f  u r i c  

a c i d 7 8 ' 8 0 ' 9 3 - 9 8  g ^ j  v a r i o u s  N - m e t h y l a t e d  u r i c  a c i d s  h a v e  

b e e n  s t u d i e d  q u i t e  e x t e n s i v e l y  b y  D r y h u r s t  a n d  

CO w o r k e r T h e s e  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  i n  

p h o s p h a t e  b u f f e r s  b e t w e e n  pH 2 . 0 - 1 1 . 0 .  I n  t h e  c a s e  o f  a l l  

t h e  u r i c  a c i d s  s t u d i e d  a t  a p y r o l y t i c  g r a p h i t e  e l e c t r o d e ,  a 

s i n g l e  v o l t a m m e t r i c  o x i d a t i o n  p e a k  I ^  c o u l d  be o b s e r v e d .  

A l s o ,  e x c e p t  i n  t h e  c a s e  o f  1 , 3 , 7 , 9 - t e t r a m e t h y l u r i c  a c i d ,  

a l l  o t h e r  u r i c  a c i d s  s t u d i e d ,  show a s e c o n d  v o l t a m m e t r i c  

o x i d a t i o n  p e a k  I l g  a t  m o r e  p o s i t i v e  p o t e n t i a l s .  H o w e v e r ,  

t h e  l a t t e r  v o l t a m m e t r i c  o x i d a t i o n  peak  i s  o b s e r v e d  o n l y  o v e r  

c e r t a i n  pH r a n g e s .  F o r  e x a m p l e ,  t h e  s e c o n d  o x i d a t i o n  p e a k  

I l g  can be o b s e r v e d  a t  pH _> 5.7 f o r  7 - m e t h y l  u r i c  a c i d ,  a t  pH 

> 6 . 0  f o r  3 , 7 - d i m e t h y l  u r i c  a c i d ^ ^ ^ ,  a t  pH > 3 . 0  f o r  7 , 9 -  

d i m e t h y l  u r i c  a c i d ^ O Z  and a t  pH > 1 0 . 0  f o r  1 , 3 , 7 - t r i m e t h y l -  

u r i c  a c i d ^ O l .
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Even t h o u g h  N - m e t h y l u r i c  a c i d s  have  been s t u d i e d  q u i t e  

e x t e n s i v e l y  by D r y h u r s t  and c o w o r k e r s l O O - 1 0 6  ^^ our  l a b o r a 

t o r y ,  7 - m e t h y l  u r i c  a c i d  h a s  n o t  p r e v i o u s l y  b e e n  s t u d i e d .  

T h e r e f o r e ,  t h e  s p e c i f i c  a i m  a n d  s c o p e  o f  t h i s  w o r k  w i l l  

i n v o l v e  t h e  use o f  e l e c t r o c h e m i c a l  and a n a l y t i c a l  t e c h n i q u e s  

t o i n v e s t i g a t e  t h e  e l e c t r o c h e m i c a l  and e n z y m a t i c  o x i d a t i o n  

c h e m i s t r y  o f  7 - m e t h y l u r i c  a c i d .  The me c ha n i s m o f  bot h  e l e c 

t r o c h e m i c a l  and e n z y m a t i c  o x i d a t i o n  f o r  7 - m e t h y l u r i c  a c i d  

w i l l  be d e v e l o p e d  and c o mp a r e d .  I t  was hoped t h a t  a s y s t e 

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

m i s t r y  o f  7 - m e t h y l u r i c  a c i d  w o u l d  h e l p  i n u n d e r s t a n d i n g  t h e  

me c h a n i s m o f  b i o l o g i c a l  o x i d a t i o n  o f  t h i s  compound.



CHAPTER 2 

EXPERI MENTAL

^  ^  CHEMICALS

7 - m e t h j l u r i c  a c i d  was o b t a i n e d  f r o m  Adams Ch e mi c a l  Co 

( R o u n d  L a k e ,  I L ) and wa s  u s e d  w i t h o u t  a d d i t i o n a l  p u r i f i c a 

t i o n .  P h o s p h a t e  b u f f e r s  w e r e  p r e p a r e d  as  d e s c r i b e d  by 

C h r i s t i a n  and P u r d y ^ 8  and  had an i o n i c  s t r e n g t h  o f  0 . 5  M,  

u n l e s s  o t h e r w i s e  s p e c i f i e d .  Ot h e r  s u p p o r t i n g  e l e c t r o l y t e s  

w e r e  p r e p a r e d  f r om 0.5 ^  NaCl  p l u s  5 m^ Na 2 HP0 ^ a d j u s t e d  t o  

t h e  r e q u i r e d  pH by a d d i t i o n  o f  HCl  or  NaOH.  O t h e r  c h e m i c a l s  

h ave  been d e s c r i b e d  i n CHAPTER 2 ( EXPERI MENT,  PART I ) .

2 ^  B_̂  APPARTUS

E q u i p m e n t  used f o r  e l e c t r o c h e m i c a l  and t h i n - l a y e r  s p e c -  

t r o c h e m i c a l  s t u d i e s  has been d e s c r i b e d  i n  CHAPTER 2 (PART I ) ,

2 ^  C_̂  PROCEDURES

P r o c e d u r e  f o r  t r a p p i n g  t h e  i n t e r m e d i a t e s  and pr odu ct s  

f o r m e d  i n  t h i n - l a y e r  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l -  

u r i c  a c i d .

U s u a l l y ,  1 mM s o l u t i o n s  o f  7 - m e t h y l  u r i c  a c i d  we r e  p r e -
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p a r e d  i n  l o w  p h o s p h a t e  b u f f e r s .  The s a m p l e  wa s  t h e n  e l e c -  

t r o l y z e d  I n  a t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  c e l l  f o r  a 

t i m e  p e r i o d  o f  30 sec  t o  2 m i n .  A f t e r  e l e c t r o l y s i s  t h e  

e x c e s s  o f  u n o x i d i z e d  7 - m e t h y l u r i c  a c i d  s o l u t i o n  l o c a t e d  

b e l o w t h e  RVC m i n i g r i d  e l e c t r o d e  was r e mo v e d  by t o u c h i n g  a 

d r y  p a p e r  t i s s u e  t o  t h e  b a s e  o f  t h e  c e l l .  T h e  r e m a i n i n g  

s o l u t i o n  i n  t h e  t h i n - l a y e r  c e l l  ( £ a .  2 7 0  u l )  was  t h e n  c a r e 

f u l l y  b l o w n  o u t  o f  t h e  c e l l  i n t o  a c o l d  ( - 7 8 ° C )  s c r e w - c a p  

v i a l .  T h e  r e s u l t i n g  f r o z e n  s o l u t i o n  was t h e n  l y o p h i l i z e d .  

D u r i n g  l y o p h i 1 i z a t i o n  t h e  s a mp l e  was m a i n t a i n e d  b e l o w 0°C so 

t h a t  i t  r e m a i n e d  in a f r o z e n  s t a t e .

A s i m i l a r  p r o c e d u r e  was e mp l o y e d  t o  o b t a i n  t h e  p r o d u c t s  

o f  t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  e x c e p t  t h a t  t h e  o x i d a t i o n  

was a l l o w e d  t o  p r o c e e d  f o r  1 5 - 3 0  m i n u t e s .  The  s o l u t i o n  was 

t h e n  f r o z e n  and d r i e d  by l y o p h i 1 i z a t i o n .

P r o c e d u r e  f o r  t r a p p i  nq t h e  i n t e r m e d i a t e s  and  i d e n t i 

f y i n g  p r o d u c t s  f o r me d  by e n z y m a t i c  o x i d a t i o n  o f  7 - m e t h y l u r i c  

a c i d .

I n  o r d e r  t o  i d e n t i f y  t h e  i n t e r m e d i a t e s  a nd  t h e  m a j o r  

p r o d u c t s  f o r m e d  upon e n z y m a t i c  o x i d a t i o n  o f  7 - m e t h y l u r i c  

a c i d ,  l o w  c o n c e n t r a t i o n  p h o s p h a t e  b u f f e r s  a t  pH 7 . 5  w e r e  

u s e d .  T h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  was  t r a p p e d  i n  t h e  

f o l l o w i n g  w a y :  0 . 0 4  ml  o f  3 7 - m e t h y l u r i c  a c i d  i n  l o w  

p h o s p h a t e  b u f f e r  was p l a c e d  i n  a s ma l l  b e a k e r  and t o  i t  was 

a d d e d  0 . 4  ml  o f  4 u ^  p e r o x i d a s e  i n  t h e  s a me  b u f f e r .  The
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o x i d a t i o n  was i n i t i a t e d  by a d d i t i o n  o f  0 . 05 ml  o f  6  H2 O2  

i n t o  t h e  a bo v e  s o l u t i o n .  A f t e r  t i m e  p e r i o d s  r a n g i n g  f r om 30 

s t o  2  mi n  t h e  s o l u t i o n  was  t r a n s f e r r e d  f r o m  t h e  b e a k e r  i n t o  

a s m a l l  v i a l  ( 3 ml  v o l u m e )  m a i n t a i n e d  a t  - 7 8 ° C  ( d r y  i c e -  

a c e t o n e ) .  The sudden and r a p i d  d e c r e a s e  i n  t h e  t e m p e r a t u r e  

o f  t h e  r e a c t i o n  m i x t u r e  s e r v e d  t o  q u e n c h  t h e  o x i d a t i o n  

r e a c t i o n  and t o  p r e v e n t  e x t e n s i v e  d e c o m p o s i t i o n  o f  t h e  U. V. -  

a b s o r b i n g  i n t e r m e d i a t e .  The f r o z e n  s o l u t i o n  was t h e n  d r i e d  

by l y o p h i 1 i z a t i o n  w i t h  t h e  v i a l  m a i n t a i n e d  a t  t e m p e r a t u r e  

b e l o w 0°C a t  a l l  t i m e s .

A s i m i l a r  p r o c e d u r e  was e mp l o y e d  t o  o b t a i n  t h e  p r o d u c t s  

o f  t h e  e n z y m a t i c  o x i d a t i o n  e x c e p t  t h a t  t h e  o x i d a t i o n  was  

a l l o w e d  t o  p r o c e e d  f o r  1 5 - 2 0  m i n u t e s .  The s o l u t i o n  was t hen  

f r o z e n  and d r i e d  by l y o p h i 1 i z a t i o n .

P r o c e d u r e  f o r  s i l y l a t i o n

A p r o c e d u r e  s i m i l a r  t o  t h e  one d e s c r i b e d  i n  CHAPTER 2 

(PART I )  was  e m p l o y e d  t o  i d e n t i f y  t h e  i n t e r m e d i a t e s  and  

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

w e r e  c a r r i e d  o u t  j u s t  b e f o r e  GC- MS a n a l y s i s  t o  a v o i d  t h e  

d e c o m p o s i t i o n  o f  t h e  i n t e r m e d i a t e s .



CHAPTER 3 

RESULTS AND DI SCUSSI ON

3.  A. E l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d

3^ ^  ^  L i n e a r  and C y c 1 i c  Sweep V o l t a m m e t r y

7 - m e t h y l u r i c  a c i d  g i v e s  a w e l l - d e f i n e d  v o l t a m m e t r i c  

o x i d a t i o n  peaks  I g a t  a PGE i n  p h o s p h a t e  b u f f e r s  (u = 0.5 M) 

b e t w e e n  pH 2 . 0 - 1 1 . 0 .  A t  pH >_ 5. 7 a w e l l - d e f i n e d  s e c o n d  

o x i d a t i o n  peak I l g  i s o b s e r v e d  ( F i g .  1 ) .

The v a r i a t i o n  o f  Ep w i t h  pH f o r  o x i d a t i o n  peaks  I g and 

I l g  o f  7 - m e t h y l u r i c  a c i d  (1 mj^) i n p h o s p h a t e  b u f f e r s  h a v i n g  

an i o n i c  s t r e n g t h  o f  0 . 5  m e a s u r e d  a t  a s w e e p  r a t e  o f  

5 m V s " l ,  a r e  g i v e n  i n  E q n s .  ( 1 )  and ( 2 )  and i n  F i g .  2.

Peak I g  : Ep( pH 2 . 0  -  1 1 . 0 )  = [ 0 . 7 3  -  0 . 0 4 9  pH]  V ( 1 )

Peak Ilg: Ep( pH 5.7 - 11,0) = [1.61 - 0.090 pH]  V (2)

A s e r i e s  o f  c y c l i c  v o l t a m m o g r a m s  r e c o r d e d  i n p h o s ph a t e  

b u f f e r s  (u = 0 . 5  | i )  b e t w e e n  pH 2.0 -  11.0 o f  7 - m e t h y l u r i c  

a c i d  i s  s h o w n  i n  F i g .  1. A t  pH 5. 7 o x i d a t i o n  p e a k s  Ig and  

I l g  a r e  o b s e r v e d  on t h e  f i r s t  sweep t o w a r d s  p o s i t i v e  p o t e n -
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3
ü

10 pA
0.5 V

Potential /  Volt vs. SCE

Fi  g.  1 C y c l i c  vol  t a mmo g r a ms  a t  t he  PGE o f  1 mM 7 - m e t h y l u r i c  
a c i d  a t  pH:  ( A)  1 . 9 8 ,  ( B)  and ( C)  5 . 7 2 ,  ( D)  7 . 0  and  
( E )  1 1 . 0 4  w e r e  o b t a i n e d  i n  p h o s p h a t e  b u f f e r s  (u = 
0 . 5  M) .  Sweep r a t e :  200  mVs" .
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F i  g.  2 T h e  p e a k  p o t e n t i a l  (E ) pH c u r v e  o b t a i n e d  a t  
t h e  PGE o f  1 mM 7 - m e t h y l  u r i c  a c i d  i n  p h o s p h a t e  
b u f f e r s  (u = 0 . 5  M) a t  a sweep r a t e  o f  5 m V s " .



1 3 3

t i a l s  ( F i g .  I B ) .  On t h e  r e v e r s e  s we e p  r e d u c t i o n  p e a k s  1 1 ' ^

and 11^  a p p e a r .  To o b s e r v e  t h e  l a t t e r  p e a k  1 1 ^ ,  i t  i s  o n l y

n e c e s s a r y  t o  s c a n  up t o  o x i d a t i o n  p e a k  I g .  H o w e v e r ,  i t  i s  

n e c e s s a r y  t o  s c a n  up t o  p e a k  I l g  p o t e n t i a l s  t o  o b s e r v e  t h e  

r e d u c t i o n  p e a k  1 1 ' ^ .  H e n c e  t h e  s p e c i e s  r e s p o n s i b l e  f o r  

r e d u c t i o n  p e a k  1 1  ̂ m u s t  be f o r m e d  as a r e s u l t s  o f  p e a k  I g  

o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  and t h e  s p e c i e s  r e s p o n s i b l e  

f o r  r e d u c t i o n  p e a k  1 1 ' ^ m u s t  be f o r m e d  as  a r e s u l t  o f  pea k  

I l g  o x i d a t i o n .  A t  l ow pH,  pe ak  11^ becomes l a r g e r  and w e l l -  

d e f i n e d ,  w h i l e  peak 11' ^ becomes  s m a l l e r  ( F i g .  l A ) .  AT pH 2

1 1 . 0 ,  p e a k s  1 1 ' ^  and 11^ d i s a p p e a r  ( F i g .  I E ) .

F i g u r e  3 shows a s e r i e s  o f  v o l t a mmo g r a ms  o f  7 - m e t h y l 

u r i c  a c i d  i n  l o w  p h o s p h a t e  b u f f e r s  ( 0 . 5  ^  N a C l  p l u s  5 m]i 

N a 2 HP0 4 ) .  A t  pH < 4 . 0  o n l y  t h e  f i r s t  o x i d a t i o n  p e a k  I g  

a p p e a r s  ( F i g .  3 A ) .  A t  pH _> 4 . 0  o x i d a t i o n  p e a k s  I g  and I l g  

may be o b s e r v e d  on t h e  f i r s t  sweep t o w a r d s  p o s i t i v e  p o t e n 

t i a l s  ( F i g .  3 B ) .  On t h e  r e v e r s e  s w e e p ,  t w o  r e d u c t i o n  p e a k s  

I I ' c  a n d  11 a p p e a r .  Peak  1 1 ' ^  can be o b s e r v e d  o n l y  a t  pH

4 . 0  ( F i g .  3 B ) .  A l s o  p e a k  11^. s p l i t s  i n t o  t w o  o v e r l a p p i n g  

p e a k s  a t  l o w  pH ( F i g .  3 A ) .

Sweep r a t e  s t u d i e s  i n  p h o s p h a t e  b u f f e r  pH 5.2 (u = 0 . 5 ^ )  

r e v e a l e d  t h a t  w i t h  i n c r e a s i n g  s we ep  r a t e  t h e  h e i g h t  o f  

o x i d a t i o n  p e a k  I l g  d e c r e a s e d  r e l a t i v e  t o  p e a k  I g  and a t  

s u f f i c i e n t l y  f a s t  s w e e p  r a t e  (c_a. 2 0  V s " M  p e a k  I l g  d i s 

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

p e a k  I l g  i s  f o r m e d  s l o w l y  by c h e m i c a l  r e a c t i o n s  o f  t h e
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Potential /  Volt vs. SCE
F i g .  3 C y c l i c  vol  t a mmo g r a ms  a t  t he  PGE o f  1 mM 7 - m e t h y l u r i c  

a c i d  a t  pH:  ( A)  3 . 0 ,  (B)  and ( C)  4 . 0 ,  ( 0 )  6 . 0  a n d
( F )  9 . 5  w e r e  o b t a i n e d  i n  0 . 5  M N a C L  p l u s  5 m M 
Na2 HP0 4 . Sweep r a t e :  200 mVs" .
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p r i m a r y  peak p r o d u c t .

C y c l i c  v o l t a m m e t r y  o f  7 - m e t h y l u r i c  a c i d  a t  s l o w  and  

f a s t  s w e e p  r a t e s  ( 5  mVs “  ̂ up t o  1 0 0  V s " ^ )  d o e s  n o t  show a 

r e v e r s i b l e  r e d u c t i o n  p e a k  c o u p l e d  t o  o x i d a t i o n  p e a k  1 ^.  

Thus ,  i t  mu s t  be c o n c l u d e d  t h a t  o x i d a t i o n  r e a c t i o n  shown by 

peak I g  o f  7 - m e t h y l u r i c  a c i d  i s  e l e c t r o c h e m i c a 1 l y  i r r e v e r 

s i b l e .

For  an i r r e v e r s i b l e  r e d o x  r e a c t i o n ,  t h e  s l o p e  o f  t h e  Ep 

v s . pH i s  d e f i n e d  by E q u a t i o n  3®^,  whe r e  o C  i s  t h e  e l e c t r o n  

t r a n s f e r  c o e f f i c i e n t ,  p i s  t h e  number  o f  p r o t o n s  i n v o l v e d  i n

d ( E _ )  -  0 . 0 5 9  p
 E _  = - - - - - - - - - - - - - - - - - - -  ( 3 )
d ( p H )  OC Hg

t h e  r e a c t i o n  and n^ i s  t h e  n u m b e r  o f  e l e c t r o n s  i n v o l v e d  i n  

t h e  r a t e  l i m i t i n g  r e a c t i o n  a t  t h e  e l e c t r o d e .  The  e l e c t r o n e  

t r a n s f e r  c o e f f i c i e n t , C X ,  f o r  7 - m e t h y l u r i c  a c i d  was assumed  

t o  be 0 . 5 .  The  c a l c u l a t e d  number  o f  p r o t o n s  i n v o l v e d  i n t h e  

r e a c t i o n  f o r  7 - m e t h y l u r i c  a c i d  i s  0 . 8 3 .  T h u s ,  t h e  i n i t i a l  

p e a k  I g  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  i n v o l v e s  a 2 e - H *  

r e a c t i o n .

3 .  A.  2 .  T h i n - l a y e r  s p e c t r o e l e c t r o c h e m i s t r y

C o n t r o l l e d  p o t e n t i a l  e l e c t r o o x i d a t i o n s  o f  7 - m e t h y l u r i c  

a c i d  w e r e  c a r r i e d  o u t  i n  a f u s e d  q u a r t z  t h i n - l a y e r  c e l l  

c o n t a i n i n g  an o p t i c a l l y - t r a n s p a r e n t  RVC e l e c t r o d e .  S o l u -
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t i o n s  o f  7 - m e t h y l u r i c  a c i d  ( c a . I mMj  i n  p h o s p h a t e  b u f f e r  or  

i n  0 . 5  M N a C l  p l u s  5 m ] i N a 2 HP0 ^ a d j u s t e d  t o  pH v a l u e s  r a n g i n g  

f r o m  4 . 0  t o  9 . 5  w e r e  s t u d i e d .  C o m p l e t e  e l e c t r o l y s e s  o f  

7 - m e t h y l u r i c a c i d  under  t h e s e  c o n d i t i o n s  a t  peak  I g  p o t e n 

t i a l s  g a v e  e x p e r i m e n t a l  n - v a l u e s  o f  1 . 9  0 . 2 .  I t  was n o t

p o s s i b l e  t o  o b s e r v e  o x i d a t i o n  p e a k  I l g  a t  a RVC e l e c t r o d e  

b e c a u s e  o f  t h e  l i m i t e d  p o s i t i v e  p o t e n t i a l  w i n d o w a v a i l a b l e  

a t  t h i s  e l e c t r o d e .  F i g u r e  4 shows l i n e a r  and c y c l i c  v o l t a m -  

mograms o f  7 - m e t h y l u r i c  a c i d  i n  0 . 5  ^  NaCl  p l u s  5 mM Na2 HP0 4  

a d j u s t e d  t o  pH 7. 5 i n t h i n - l a y e r  c e l l .

T h e  c h a n g e s  i n  t h e  U. V.  s p e c t r a  o b s e r v e d  d u r i n g  and  

a f t e r  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  a t  peak 

I g  p o t e n t i a l s  i n  a t h i n - l a y e r  c e l l  i n  0 . 5  M N a C l  p l u s  5 mM 

N a 2 HP 0 4  b e t w e e n  pH 4 . 0 - 9 . 0  w e r e  e s s e n t i a l l y  i d e n t i c a l .  

T y p i c a l  t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  a t  pH 7. 5  

i s  shown i n  F i g .  5. Cur ve  1 i n  F i g .  5 shows t h e  s p e c t r u m  of  

7 - m e t h y l u r i c  a c i d  (^^niax ” 2 9 4 ,  2 3 8  and 20 4  nm) .  I n i t i a t i o n  

o f  t h e  p e a k  I g  e l e c t r o o x i d a t i o n  a t  0 . 8  V c a u s e s  t h e  band a t  

2 9 4  nm t o  d e c r e a s e  w h i l e  a new band g r o w s  i n  a t  2 2 4  nm and  

t h e  a b s o r b a n c e  b e t we en  a b o u t  3 5 2 - 3 1 0  nm a l s o  i n c r e a s e s .  I f  

t h e  e l e c t r o l y s i s  was t e r m i n a t e d  when t h e  l a t t e r  ba nd  had  

r e a c h e d  i t s  m a x i m a l  h e i g h t  ( c u r v e  1 1 ,  F i g .  5A)  t h e n  t h e  

s p e c t r a l  c ha n g e s  shown i n F i g .  58 we r e  o b s e r v e d .  The a b s o r 

b a n c e  d e c a y e d  w i t h  t i m e  o v e r  t h e  s p e c t r a l  r e g i o n  b e t w e e n  

a b o u t  3 5 2 - 1 9 0  nm ( c u r v e  1 2 - 2 3 ,  F i g .  58 ) .

The a b o v e  d e c o m p o s i t i o n s  a f t e r  t h e  e l e c t r o l y s i s  i n d i -
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F i g .  4 L i n e a r  sweep and c y c l i c  vo l  t ammogr ams a t  t h i n - l a y e r  
c e l l  c o n t a i n i n g  a RVC e l e c t r o d e  o f  1 mM 7 - m e t h y l u r i c  
a c i d  a t  pH 9 . 5  i n  0 . 5  M NaCl  p l u s  5 mM NagHPO^.  
Sweep r a t e :  200  mVs~ .
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F i g .  5 (A)  S p e c t r a  o f  1 mM 7 - m e t h y l u r i c  a c i d  i n  pH 7 . 5  
( 0 . 5  M NaCl  p l u s  5 mM Na2 HP0 a)  u n d e r g o i n g  o x i d a t i o n  
a t  0 . 8  V i n  a t h i n - l a y e r  c e l l  c o n t a i n i n g  a RVC 
e l e c t r o d e .  C u r v e  1 i s  t h e  i n i t i a l  s p e c t r u m ,  c u r v e s  
2 - 1 1  a f t e r  i n i t i a t i o n  o f  t h e  e l e c t r o l y s i s .  Ea c h  
s p e c t r a l  s we e p  had  a d u r a t i o n  o f  1 0  s w i t h  no t i m e  
i n t e r v a l  .

(B) A f t e r  s we e p i n g  c u r v e  11 i n (A)  t h e  RVC e l e c t r o d e  
was o p e n - c i r c u i t e d  and c u r v e  1 2 - 2 3  r e c o r d e d .  Each  
s p e c t r u m had a d u r a t i o n  of  40 s.
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c a t e  t h a t  one  or  mo r e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  s p e c i e s  

a r e  f o r m e d  upon e l e c t r o o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  a t  

p e a k  I g  p o t e n t i a l s .  T h e  A t  c u r v e s  o b s e r v e d  f o l l o w i n g  

e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  i n  0. 5 M NaCl  

p l u s  5 Na^HPO^ a t  pH 7 . 5  a r e  shown i n  F i g .  6 . T h e

k i n e t i c s  o f  d e c o m p o s i t i o n  o f  t h e  i n t e r m e d i a t e  s p e c i e s  was  

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

t i m e  a t  2 2 0 ,  2 90  and 3 2 5  nm.  The  d e c o m p o s i t i o n  f o l l o w e d  

f i r s t  o r d e r  k i n e t i c s  w i t h  t h e  r a t e  c o n s t a n t s  r e p o r t e d  i n  

T a b l e  1.

F i g u r e  7 shows t h e  s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  o f  

7 - m e t h y l u r i c  a c i d  i n 0 . 5  M NaCl  p l us  5 mM NagHPO^ a t  pH 7 . 5 .  

C u r v e  1 i n  F i g .  7 A i s  t h e  i n i t i a l  s p e c t r u m  o f  7 - m e t h y l u r i c  

a c i d  ( ^ m a x  " 2 9 4 ,  240  and 204  nm).  A p p l i c a t i o n  o f  a p o t e n 

t i a l  t o  a RVC e l e c t r o d e  o f  0 . 6  V c a u s e s  t h e  l o n g  w a v e l e n g t h  

b a n d  a t  2 9 4  nm t o  d e c r e a s e  w h i l e  a new b a n d  g r o w s  i n  a t  

s h o r t  w a v e l e n g t h s  (c_a. 2 2 4  nm)  and t h e  a b s o r b a n c e  b e t w e e n  

a b o u t  3 5 2 - 3 1 0  nm a l s o  i n c r e a s e s .  A f t e r  a b o u t  93 s e l e c t r o 

l y s i s  c u r v e  5 ( F i g .  7 A) ma y  be o b s e r v e d  w h i c h  i s  t h e  s p e c 

t r u m  o f  i n t e r m e d i a t e  s p e c i e s  ( A ^ a x  “ and 2 24  nm) .  I f ,  

a f t e r  s w e e p i n g  c u r v e  5 i n  F i g .  7 A t h e  RVC e l e c t r o d e  was  

p o t e n t i o s t a t e d  a t  -  1.0 V t h e  s p e c t r o e l e c t r o c h e m i c a l  b e h a 

v i o r  n o t e d  i n  F i g .  7B was o b s e r v e d .  T h u s ,  e l e c t r o r e d u c t i o n  

o f  t h e  i n t e r m e d i a t e  ( c u r v e  6 , F i g .  7 B, - ^ m a x  “ 3 0 0  and 2 2 4  

nm)  c a u s e  t h e  l o n g  w a v e l e n g t h  band t o  s h i f t  t o  s h o r t e r  

w a v e l e n g t h  and gr ows w h i l e  t h e  s h o r t e r  w a v e l e n g t h  band d e -
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F i g .  5 A b s o r b a n c e  t i m e  c u r v e  f o r  t h e  d e c a y  o f  t h e  
i n t e r m e d i a t e  s p e c i e s  g e n e r a t e d  upon e l e c t r o c h e m i c a l  
o x i d a t i o n  o f  1 mM 7 - m e t h y l u r i c  a c i d  a t  0 . 8V  i n  
0 . 5  M N a C l  p l u s  5 mM N a p H P O ^  pH 7 . 5 .  A r r o w  
i n d i c a t e s  t i m e  when e l e c t r o d e  was o p e n - c i r c u i t e d .  
At  w a v e l e n g t h  ( A)  22 0 and (B)  290  nm.
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T a b l e  1

Obser v ed  f i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  d e c o m p o s i t i o n  o f  t he  
U . V . - a b s o r b i n g  i n t e r m e d i a t e  g e n e r a t e d  upon peak  I g  e l e c t r o 
o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  a t  an o p t i c a l l y - t r a n s p a r e n t  
RVC e l e c t r o d e  i n  a t h i n - l a y e r  c e l l .

pH A p p l i e d  p o t e n t i a l  
V v s .  SCE

(nm) ^ o b s f s - l ) 3

0 . 5  M Na Cl  p l u s  5 mM N a 2 HP 0 ^

4 . 0 0 . 8 2 2 0

290

7 . 5 x 1 0 - 3

1 . 9 x 1 0 - 3

+ 1 . 0 x 1 0 - 5  

+ 1 . 1 x 1 0 - 5

5 . 6 0 . 8 2 2 0 7 . 1 x 1 0 - 3 + 1 . 1 x 1 0 - 5

6 . 0 0 . 8 2 2 0

290

4 . 7 x 1 0 - 3

3 . 7 x 1 0 - 3

+ 1 . 2 x 1 0 - 5  

+ 1 . 0 x 1 0 - 5

7 . 5 0 . 8 2 2 0

290

325

1 . 0 x 1 0 - 3

1 . 1 x 1 0 - 3

1 . 1 x 1 0 - 3

+ l . O x l O ‘ 5 

+ 1 . 1 x 1 0 - 5  

+ 1 . 0 x 1 0 - 5

9 . 5 0 . 8 2 2 0

290

325

2 . 6 x 1 0 - 3

2 . 2 x 1 0 - 3

2 . 4 x 1 0 - 3

+ 1 . 3 x 1 0 - 5  

+ 1 . 0 x 1 0 - 5  

+ 1 . 1 x 1 0 - 5

® C a l c u l a t e d  by a n a l y s i s  o f  A t  c u r v e s  o b t a i n e d  a t  t h e  
w a v e l e n g t h  n o t e d .  The  a v e r a g e  o f  a t  l e a s t  t h r e e  r e p l i c a t e  
me a s u r e m e n t s  i s  r e p o r t e d  + s t a n d a r d  d e v i a t i o n .
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F i g .  7 (A)  S p e c t r a  o f  2mM 7 - m e t h y l u r i c  a c i d  u n d e r g o i n g  
o x i d a t i o n  a t  0 . 6V a t  a RVC e l e c t r o d e  i n  a t h i n - l a y e r  
c e l l  i n  0 . 5M N a C l  p l u s  5 mM NaoHPO^ pH 7 . 5 .  C u r v e  1 
i s  t h e  i n i t i a l  s p e c t r u m .  S p e c t r a  w e r e  r e c o r d e d  a t  
t h e  f o l l o w i n g  t i m e s  a f t e r  i n i t i a t i o n  o f  t h e  o x i d a 
t i o n s :  ( 2 )  4 6 ,  ( 3 )  6 3 ,  ( 4 ) 8 0 ,  and ( 5 )  93 s e c .

(B)  A f t e r  s w e e p i n g  c u r v e  5 i n  ( A)  t h e  RVC e l e c t r o d e  
was p o t e n t i o s t a t e d  a t  - l . O V .  S p e c t r a  w e r e  r e c o r d e d  
a t  t h e  f o l l o w i n g  t i m e s :  ( 6 ) 1 0 0 ,  ( 7 )  1 3 9 ,  ( 8 ) 1 7 6 ,  
( 9 )  2 1 3 ,  ( 1 0 )  2 5 2 ,  ( 1 1 )  2 9 9 ,  ( 1 2 )  3 6 7 ,  ( 1 3 )  493  and  
( 1 4 )  1 2 9 5  s e c .
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c r e a s e s  a n d  s p l i t s  i n t o  t w o .  A f t e r  a b o u t  5 m i n  ( c u r v e  1 1 ,  

F i g .  7 B )  t h e  s p e c t r u m  o b s e r v e d  i s  i d e n t i c a l  t o  t h a t  o f  7 -  

m e t h y l u r i c  a c i d .  C u r v e  14  i n  F i g .  7 i s  r e c o r d e d  a f t e r  2 1 

m i n .

S p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  o f  7 - m e t h y l u r i c  a c i d  i n  

p h o s p h a t e  b u f f e r  (u = 0 . 5  M)  a t  pH 7 . 0  i s  s h o w n  i n  F i g .  8 . 

C u r v e  1 i n  F i g .  BA i s  t h e  i n i t i a l  s p e c t r u m  o f  7 - m e t h y l u r i c  

a c i d  ( ^ m a x  ” 2 9 3 ,  2 3 6  and  2 0 3  n m) .  I n i t i a t i o n  o f  t h e  p e a k  

I g  e l e c t r o o x i d a t i o n  a t  0 . 8  V c a u s e s  t h e  b a n d  a t  2 9 3  nm t o  

d e c r e a s e  w h i l e  a new band g r o w s  i n  a t  224  nm and t h e  a b s o r 

bance  b e t w e e n  a bo u t  3 5 2 - 3 0 0  nm a l s o  i n c r e a s e s  ( c u r v e s  2 - 9 ,  

F i g .  8 A ) .  I f ,  a f t e r  s c a n n i n g  c u r v e  9 i n  F i g .  8 A t h e  RVC 

e l e c t r o d e  was  o p e n - c i r c u i t e d ,  t h e  s p e c t r a l  c h a n g e s  s hown  

b e t w e e n  c u r v e s  1 0 - 2 0  i n  F i g .  8 B we r e  o b s e r v e d .  Cur ve  20 i n  

F i g .  SB i s  t h e  s p e c t r u m  d u e  t o  some r e s i d u a l  7 - m e t h y l u r i c  

a c i d  a n d  t o  t h e  f i n a l  r e a c t i o n  p r o d u c t .  T h e  A w_s. t  c u r v e s  

o b s e r v e d  f o l l o w i n g  e l e c t r o c h e m i c a l  o x i d a t i o n  a r e  shown i n  

F i g .  9.  T h e  d e c a y  o f  t h e  a b s o r b a n c e  w i t h  t i m e  f o l l o w e d  

f i r s t  o r d e r  k i n e t i c s  w i t h  t h e  r a t e  c o n s t a n t s  r e p o r t e d  i n  

T a b l e  2.  E x p e r i m e n t a l  r a t e  c o n s t a n t s  w e r e  l i n e a r l y  d e p e n 

d e n t  on t h e  i o n i c  s t r e n g t h  o f  p h o s p h a t e  b u f f e r s  u s e d  ( F i g .  

1 0 ) .  H o w e v e r ,  i f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  was f i r s t  

e l e c t r o g e n e r a t e d  and  t h e n  t h e  RCV e l e c t r o d e  was  p o t e n t i o -  

s t a t e d  a t  - 1 . 4  V t h e  s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  n o t e d  

i n  F i g .  8 C was o b s e r v e d .  T h u s ,  t h e  a b s o r b a n c e  b e t w e e n  a b o u t  

3 5 2 - 1 9 0  nm d e c a y e d  w i t h  t i m e  b u t  no 7 - m e t h y l u r i c  a c i d  was
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Wavelength /  nm
F i g .  8 (A)  S p e c t r a  o f  I mM o f  7 - m e t h y l u r i c  a c i d  i n  p h o s p h a t e  b u f f e r  (u 

= 0 . 5  M) pH 7 . 0  u n d e r g o i n g  o x i d a t i o n  a t  0 . 8  V i n a  t h i n - l a y e r  
c e l l  c o n t a i n i n g  a RVC e l e c t r o d e .  C u r v e  1 i s  t h e  i n i t i a l  
s p e c t r u m ,  c u r v e s  2 - 9  a f t e r  i n i t i a t i o n  o f  t h e  e l e c t r o l y s i s .  
E a c h  s p e c t r a l  s w e e p  had  a d u r a t i o n  o f  10 s w i t h  no t i m e  
i n t e r v a l  b e t w e e n  s w e e p s .  ( B)  A f t e r  s w e e p i n g  c u r v e  9 i n  ( A)  
t h e  RVC e l e c t r o d e  was  o p e n - c i r c u i t e d  and c u r v e s  1 0 - 2 0  
r e c o r d e d ,  each sweep had a d u r a t i o n  o f  40 s.  (C)  A f t e r  s w e e p 
i ng  c u r v e  9 i n (A)  t h e  RVC e l e c t r o d e  was p o t e n t i o s t a t e d  a t  -  
1.4 V and c u r v e s  1 0 - 1 9  r e c o r d e d ,  each sweep had a d u r a t i o n  o f  
4 0 s .

A
A,
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F i g .  9 A b s o r b a n c e  2 1 -  t i m e  c u r v e  f o r  t h e  d e c a y  o f  t h e  
i n t e r m e d i a t e  s p e c i e s  g e n e r a t e d  upon e l e c t r o l y s i s  o f  
1 mM 7 - m e t h y l u r i c  a c i d  a t  0 . 8  V i n  pH 7 . 0  p h o s p h a t e  
b u f f e r  (u = 0 . 5  M) .  A r r o w  i n d i c a t e s  t i m e  when
e l e c t r o d e  was  o p e n - c i r c u i t e d .  A t  w a v e l e n g t h  ( A)  
22 0 ,  (B)  2 9 0  and  (C)  325  nm.



1 4 6

T a b l e  2

Ob ser ved  f i r s t  o r d e r  r a t e  c o n s t a n t  f o r  d e c o m p o s i t i o n  o f  t he  
U . V . - a b s o r b i n g  i n t e r m e d i a t e  g e n e r a t e d  upon e l e c t r o c h e m i c a l
o x i d a t i o n  o f  
7 . 0 .

1 mM 7 - m e t h y l u r i c a c i d  i n p h o s p h a t e b u f f e r  pH

u 2 2 0  nm 290 nm 32 5 nm

0 . 0 5 0 . 0 0 0 2 + 0 . 0 0 0 0 5 0 . 0 0 1 + 0 . 0 0 0 0 5 0 . 0 0 0 8 + 0 . 0 0 0 0 0 6

0 . 0 1 0 . 0 0 0 4 + 0 . 0 0 0 0 3 0 . 0 0 2 + 0 . 0 0 0 0 5 0 . 0 0 0 9 + 0 . 0 0 0 0 0 7

0 . 2 0 . 0 0 0 6 + 0 . 0 0 0 0 4 0 . 0 0 4 + 0 . 0 0 0 4 0 . 0 0 1 3 + 0 . 0 0 0 0 0 8

0 . 4 0 . 0 0 0 7 + 0 . 0 0 0 0 5 0 . 0 0 3 + 0 . 0 0 0 1 0 . 0 0 1 9 + 0 . 0 0 0 0 0 7

0 . 5 0 . 0 0 1  jI  0 . 0 0 0 0 2 0 . 0 0 3 + 0 . 0 0 0 1 0 . 0 0 2 4 + 0 . 0 0 0 0 0 6

0 . 6 0 . 0 0 1 2 + 0 . 0 0 0 0 7 0 . 0 0 6 + 0 . 0 0 0 0 3 0 . 0 0 2 9 + 0 . 0 0 0 0 2

0 . 8 0 . 0 0 1 3 + 0 . 0 0 0 0 6 0 . 0 0 6 5 + 0 . 0 0 0 1 0 . 0 0 3 4 + 0 . 0 0 0 0 1

1 . 0 0 . 0 0 1 4 + 0 . 0 0 0 0 5 0 . 0 0 6 8 + 0 . 0 0 0 1 0 . 0 0 4 3 + 0 . 0 0 0 0 1

® C a l c u l a t e d  by a n a l y s i s  o f  A x i .*  t  o b t a i n e d  a t  t h e  w a v e 
l e n g t h  n o t e d .  The  a v e r a g e  o f  a t  l e a s t  t h r e e  r e p l i c a t e  
m e a s u r e m e n t s  i s  r e p o r t e d  _+ s t a n d a r d  d e v i a t i o n .
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F i g .  10 V a r i a t i o n  o f  t h e  o b s e r v e d  f i r s t  o r d e r  r a t e  c o n s t a n t  
f o r  decay o f  t h e  U . V . - a b s o r b i  ng i n t e r m e d i a t e  g e n e 
r a t e d  upon e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l -  
u r i c  a c i d  a t  0 . 8  V a t  a RVC e l e c t r o d e  i n  a t h i n -  
l a y e r  c e l l  as a f u n c t i o n  o f  t h e  i o n i c  s t r e n g t h  o f  
p h o s p h a t e  b u f f e r  pH 7 . 0 .  A b s o r b a n c e  m o n i t o r e d  a t  
325 nm.
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r e g e n e r a t e d .

S p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  o f  7 - m e t h y l u r i c  a c i d  

u n d e r  t h e  same c o n d i t i o n s  m e n t i o n e d  a b o v e  e x c e p t  t h a t  i n  

p h o s p h a t e  b u f f e r  (u = 0 . 1  M) i s  s ho wn  i n  F i g .  1 1 .  C u r v e  1 

i n  F i g .  1 1 A i s  t h e  i n i t i a l  s p e c t r u m  o f  7 - m e t h y l u r i c  a c i d  

( ) \ m a x  "  2 9 3 ,  2 3 6  and 2 0 3  n m ) .  A p p l i c a t i o n  o f  a p o t e n t i a l  

a t  0 . 8  V t o  t h e  RVC e l e c t r o d e  c a u s e s  t h e  b a n d  a t  2 9 3  nm t o  

d e c r e a s e  w h i l e  a new band g r o w s  i n  a t  2 2 4  nm and t h e  a b s o r 

b a n c e  b e t w e e n  a b o u t  3 5 2 - 3 0 0  nm a l s o  i n c r e a s e  ( c u r v e s  2 - 7 ,  

F i g .  I I A ) .  A f t e r  a b o u t  1 4 0  s e c  e l e c t r o l y s i s  c u r v e  7 i s  

o b s e r v e d  w h i c h  i s  t h e  s p e c t r u m  o f  i n t e r m e d i a t e  s p e c i e s  

( ^ m a x  “ 300  and 2 2 4  n m) .  I f ,  a f t e r  s w e e p i n g  c u r v e  7 i n  

F i g .  11 t h e  RVC e l e c t r o d e  was  o p e n e r i c u i t e d ,  t h e  s p e c t r a l  

c h anges  shown b e t we e n  c u r v e s  8 - 1 2  i n F i g .  118 w e r e  o b s e r v e d .  

C u r v e  12 i n  F i g .  118 i s  t h e  s p e c t r u m  due t o  some r e s i d u a l  7 -  

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

b e h a v i o r s  a r e  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  p h o s p h a t e  b u f f e r  

(u = 0 . 5  M) e x c e p t  t h a t  t h e  r a t e s  o f  f o r m a t i o n  and d e c a y  o f  

i n t e r m e d i a t e  s p e c i e s  a r e  s l o w e r  t han  i n  h i g h  i o n i c  s t r e n g t h  

o f  p h o s p h a t e  b u f f e r  (u = 0 . 5  M ) .  I n  a d d i t i o n ,  i f  t h e  U . V . -  

a b s o r b i n g  i n t e r m e d i a t e  was f i r s t  e l e c t r o g e n e r a t e d  and t h e n  

t h e  RVC e l e c t r o d e  was p o t e n t i o s t a t e d  a t  - 1 . 4  V t h e  s p e c t r o 

e l e c t r o c h e m i c a l  b e h a v i o r  n o t e d  i n  F i g .  1 1 C wa s  o b s e r v e d .  

T h u s ,  e l e c t r o r e d u c t i o n  o f  t h e  i n t e r m e d i a t e  ( c u r v e  8 , F i g .  

I I C )  c a u s e s  t h e  a b s o r b a n c e  b e t w e e n  a b o u t  3 5 2 - 1 9 0  nm t o  

d e c r e a s e  f o r  a b o u t  160  s ( c u r v e  9 ,  F i g .  I I C )  t h e n  t h e  l o n g -
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F i g .  11 (A)  S p e c t r a  o f  1 mM 7 - m e t h y l u r i c  a c i d  i n  p h o s p h a t e  b u f f e r  (u = 
0 . 1  M) p H 7 . 0  u n d e r g o i n g  o x i d a t i o n  a t  0 . 8  V i n  a t h i n - l a y e r  
c e l l  c o n t a i n i n g  a RVC e l e c t r o d e .  C u r v e  1 i s  t h e  i n i t i a l  
s p e c t r u m ,  c u r v e s  2 - 7  a f t e r  i n i t i a t i o n  o f  t h e  e l e c t r o l y s i s .  
Ea c h  s p e c t r a l  s w e e p  h a d  a d u r a t i o n  o f  20  s.  ( B)  A f t e r  s w e e p 
i n g  c u r v e  7 i n  ( A)  t h e  RVC e l e c t r o d e  wa s  o p e n - c i r c u i t e d  and  
c u r v e s  8 - 1 2  r e c o r d e d .  Ea c h  s w e e p  h a d  a d u r a t i o n  o f  1 6 0  s.
( C)  A f t e r  s w e e p i n g  c u r v e  7 i n  ( A)  t h e  RVC e l e c t r o d e  was  
p o t e n t i o s t a t e d  a t  -  1 . 4  V and c u r v e s  8 - 1 5  r e c o r d e d .  Each  
sweep had a d u r a t i o n  o f  1 6 0 s .
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w a v e l e n g t h  band s h i f t s  t o  s h o r t e r  w a v e l e n g t h  band d e c r e a s e s  

and s p l i t s  i n t o  t w o .  A f t e r  a b o u t  14 mi n  ( c u r v e  1 0 ,  F i g .  

I I C )  t h e  s p e c t r u m  o b s e r v e d  i s  i d e n t i c a l  t o  t h a t  o f  7 - m e t h y l -  

u r i c  a c i d .  Thus ,  i t  i s  c l e a r l y  i n d i c a t e s  t h a t  t h e r e  a r e  t wo  

i n t e r m e d i a t e  s p e c i e s  w i t h  t h e  same U.V.  s p e c t r a  a r e  i n v o l v e d  

i n  t h e  s p e c t r o e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l u r i c  

a c i d .  I t  i s  p r o p o s e d  t h a t  t h e s e  i n t e r m e d i a t e s  s p e c i e s  a r e  

t e r t i a r y  a l c o h o l  ( I I I ,  F i g .  2 7 )  and t h e  c a r b o x y l i c  a c i d  ( V ,  

F i g .  2 7 ) .  H o w e v e r ,  r e d u c t i o n  o f  t h e  t e r t i a r y  a l c o h o l  

f o l l o w s  by d e h y d r a t i o n  t o  g i v e  7 - m e t h y l u r i c  a c i d .  On t h e  

o t h e r  h a n d ,  t h e  c a r b o x y l i c  a c i d  unde r goe s  f u r t h e r  c h e mi c a l  

r e a c t i o n  t o  g i v e  4 - m e t h y l a l l a n t o i n .  T h e  r e s u l t s  shown i n  

T a b l e  2 i n d i c a t e  t h a t  t h e  r a t e  c o n s t a n t s  f o r  d e c o m p o s i t i o n  

o f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  g e n e r a t e d  upon s p e c t r o 

e l e c t r o c h e m i c a l  o x i d a t i o n  i n c r e a s e d  w i t h  i n c r e a s i n g  i o n i c  

s t r e n g t h  o f  p h o s p h a t e  b u f f e r  u s e d .  T h i s  i m p l i e s  t h a t  t h e  

t e r t i a r y  a l c o h o l  ( I I I ,  F i g .  2 7 )  i s  a much s h o r t e r - l i v e d  

i n t e r m e d i a t e  i n  t h e  p r e s e n c e  o f  h i g h  c o n c e n t r a t i o n s  o f  p h o s 

p h a t e .  T h i s  b e h a v i o r  a g r e e s  w i t h  t h e  s p e c t r o e l e c t r o c h e m i c a l  

b e h a v i o r s  o b s e r v e d  i n  F i g s .  8  and 11 .  T h u s ,  t h e  p a r t i a l  

r e g e n e r a t i o n  o f  7 - m e t h y l u r i c  a c i d  by r e d u c t i o n  o f  t h e  i n t e r 

m e d i a t e  i s  obse r v e d  o n l y  i n  l ow c o n c e n t r a t i o n  o f  p h o s p h a t e  

b u f f e r s  ( c ^ .  £  0 . 1  ^ ) .

S u p p o r t i n g  e l e c t r o l y t e  s o l u t i o n s  o f  0 . 5  ^  N a C l  p l u s  5 

mfi N a 2 HP 0 4  w e r e  u s e d  b e c a u s e  u s i n g  such s o l u t i o n  i t  was  

p o s s i b l e  t o  t r a p  and i d e n t i f y  i n t e r m e d i a t e s .  I n  such e x 
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p e r i m e n t s  t h e  e l e c t r o o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  (c_a. 1 

mhi) was c a r r i e d  out  a t  a RVC e l e c t r o d e  i n  a t h i n - l a y e r  c e l l  

f o r  a b o u t  6 0 - 1 5 0  s u n t i l  t h e  m a x i m a l  amount  o f  i n t e r m e d i a t e  

s p e c i e s  was  p r e s e n t  as s h o wn  f r o m  s p e c t r a l  m e a s u r e m e n t s .  

The e l e c t r o l y s i s  was t e r m i n a t e d  and t h e  s o l u t i o n  c o n t a i n i n g  

t h e  i n t e r m e d i a t e  s p e c i e s  was q u i c k l y  t r a n s f e r r e d  t o  a v i a l  

i m m e r s e d  i n  a b a t h  o f  d r y  i c e - a c e t o n e  ( - 7 8 ° C ) .  T h e  f r o z e n  

s o l u t i o n  was f r e e z e - d r i e d .  T h e  r e s u l t i n g  d r y  s o l i d  was 

s i l y l a t e d  w i t h  BSA or  BSA- dg i n  p y r i d i n e  a t  8 0 ° C  f o r  30 mi n.  

The t r i m e t h y l  s i l y l  d e r i v a t i v e  o f  t h i s  i n t e r m e d i a t e  gave GO 

p e a k s  a t  r e t e n t i o n  t i m e s  ( t p )  Of  2 6 . 4 3  and 2 8 . 5 5  m i n  h a v i n g  

m o l a r  m a s s e s  o f  414  and 4 6 0  g , r e s p e c t i v e l y .  When s i l y l a 

t i o n  was  c a r r i e d  ou t  w i t h  B S A - d g  GO p e a k s  w e r e  o b s e r v e d  a t  

t[^ = 2 6 . 5  and 29 . 2  min h a v i n g  m o l a r  masses of  441 and 496 g , 

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

m i x t u r e  c o n t a i n s  one compound h a v i n g  a m o l a r  mass of  198 g 

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

pound h a v i n g  a mo l a r  mass o f  172 g p o s s e s s i n g  f o u r  s i l y l a 

t a b l e  s i t e s .  I f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  s p e c i e s  

g e n e r a t e d  i n t h e  t h i n - l a y e r  c e l l  was a l l o w e d  t o  c o m p l e t e l y  

d e c o m p o s e  f o r  a b o u t  7 t o  10 m i n ,  s i l y l a t i o n  o f  t h e  p r o d u c t  

f o l l o w e d  by GC-MS r e v e a l e d  t h a t  t h e  compound h a v i n g  a mo l a r  

mass o f  1 9 8  g d i s a p p e a r e d  a n d  t h e  y i e l d  o f  t h e  c o mp o u n d  o f  

m o l a r  ma s s  o f  172  g i n c r e a s e d .  A c c o r d i n g l y ,  i t  was c o n 

c l u d e d  t h a t  t h e  s p e c i e s  h a v i n g  a m o l a r  mass o f  1 9 8  g was t h e  

U . V . - a b s o r b i n g  i n t e r m e d i a t e  and t h a t  of  m o l e c u l a r  w e i g h t  172 

was a p r o d u c t .
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On t h e  b a s i s  o f  t h e  k i n e t i c  a n a l y s i s  o f  A t  c u r v e s

and t h e  t i m e  r e q u i r e d  t o  g e n e r a t e  and t r a p  t h e  i n t e r m e d i a t e ,  

i t  i s  c o n l u d e d  t h a t  t h e  i n t e r m e d i a t e  i d e n t i f i e d  i s  BCA ( V ,  

F i g .  2 7 ) .  H o w e v e r ,  BCA a n d  i t s  p r e c u r s o r  t e r t i a r y  a l c o h o l  

h a v e  e x a c t l y  t h e  same m o l e c u l a r  w e i g h t  and m o l e c u l a r  f o r m u l a  

and p o s s e s s  f o u r  s i l y l a t a b l e  p o s i t i o n s .  T h u s ,  i t  i s  p o s s i 

b l e  t h a t  a m i x t u r e  o f  t e r t i a r y  a l c o h o l  a n d  BCA a r e  i n  f a c t  

t r a p p e d .  T h e s e  w o u l d  be  e x p e c t e d  t o  e x h i b i t  v e r y  s i m i l a r  

U . V .  and mass s p e c t r a .

Ai .  A: .  C o n v e n t i o n a l  e l e c t r o l y s e s  a t  p e a k  and p e a k

11,

The  p o t e n t i a l  r a n g e  a v a i l a b l e  a t  a RVC e l e c t r o d e  ( i n  a 

t h i n - l a y e r  c e l l )  d o e s  n o t  e x t e n d  t o  s u f f i c i e n t l y  p o s i t i v e  

p o t e n t i a l s  t o  p e r m i t  peak  1 t o  be o b s e r v e d .  He nc e ,  i t  was 

n e c e s s a r y  t o  p e r f o r m  c o n v e n t i o n a l  c o n t r o l l e d  p o t e n t i a l  e l e c 

t r o l y s e s  a t  p y r o l y t i c  g r a p h i t e  e l e c t r o d e s  i n  o r d e r  t o  com

p a r e  t h e  peak I g and peak  I l g  o x i d a t i o n  r e a c t i o n s .  T y p i c a l 

l y  a b o u t  25  ml  o f  1 m̂ i s t i r r e d  s o l u t i o n s  o f  7 - m e t h y l  u r i c  

a c i d  i n  p h o s p h a t e  b u f f e r  w e r e  e l e c t r o l y z e d  a t  p l a t e s  o f  

p y r o l y t i c  g r a p h i t e  h a v i n g  a t o t a l  s u r f a c e  a r e a  o f  40 cm^.

I n  pH 7. 0 p h o s p h a t e  b u f f e r  h a v i n g  i o n i c  s t r e n g t h s  r a n g 

i n g  f r o m  0 . 1 -  1 . 0  M e x p e r i m e n t a l  n - v a l u e s  o f  1 . 9  _+ 0 . 2  w e r e  

o b s e r v e d  when 7 - m e t h y l  u r i c  a c i d  was e l e c t r o l y z e d  a t  peak Ig 

p o t e n t i a l s  ( 0 . 6  V ) .  I t  i s  n o t e d  t h a t  f o l l o w i n g  c o n t r o l l e d  

p o t e n t i a l  e l e c t r o o x i d a t i o n  o f  7 - m e t h y l  u r i c  a c i d  a t  peak I g
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p o t e n t i a l s ,  v o l t a m m o g r a m  o f  t h e  p r o d u c t  s o l u t i o n  showed no 

e v i d e n c e  f o r  o x i d a t i o n  peak 11^.  T hus ,  t h e  s p e c i e s  r e s p o n 

s i b l e  f o r  p e a k  1 1 ^ o x i d a t i o n  m u s t  be an u n s t a b l e  c o mp o u n d  

f o r m e d  as  a r e s u l t s  o f  t h e  p e a k  I g  p r o c e s s .  C o u l o m e t r y  a t  

peak I l g  p o t e n t i a l s  ( 1 . 2  V) g a v e  e x p e r i m e n t a l  n - v a l u e s  whi ch  

we r e  d e pe nd  on t h e  i o n i c  s t r e n g t h  o f  t he  p h o s p h a t e  b u f f e r  as 

s h o w n  i n  F i g .  1 2 .  T h u s ,  a t  a p h o s p h a t e  b u f f e r  i o n i c  

s t r e n g t h  o f  0 . 1  M t h e  a p p a r e n t  2 " v a l u e  ( O g p p )  wa s  2 . 3  + 0. 1  

w h i c h  i n c r e a s e d  t o  3 . 1  + 0 . 2  a t  an i o n i c  s t r e n g t h  o f  0 . 5  M 

t h e n  s l i g h t l y  d e c r e a s e d  t o  2 . 7  + 0.1 a t  an i o n i c  s t r e n g t h  o f

1.0 M. The  s p e c t r a l  changes  o b s e r v e d  d u r i n g  t h e  e l e c t r o o x i 

d a t i o n  o f  7 - m e t h y l  u r i c  a c i d  a t  p e a k  I g  p o t e n t i a l s  ( £ £ .  0 . 8  

V) i n  p h o s p h a t e  b u f f e r  (u = 0 . 1 )  a t  pH 7 . 0  a r e  s h o w n  i n  F i g .  

13 .  As t h e  e l e c t r o l y s i s  p r o c e e d s  t h e  c h a r a c t e r i s t i c  U.V.  

band o f  7 - m e t h y l  u r i c  a c i d  ( ^  ^ a x  “ 2  91 nm) d e c r e a s e s  and a 

new b a n d s  a p p e a r s  a t  A  ^ a x  ” 2 34 nm ( c u r v e  2 ,  F i g .  1 3 ) .  

A f t e r  s c a n n i n g  c u r v e  2 ,  t h e  U. V.  ba n d s  a t  " 2 9 1  and

2 3 4  nm d e c r e a s e  t h r o u g h o u t  t h e  e l e c t r o l y s i s  ( c u r v e s  3 - 7 ,  

Fig.  13).

F i g u r e  14 shows a s e r i e s  o f  c y c l i c  v o l t a m m o g r a m s  o f  7 -  

m e t h y l u r i c  a c i d  r e c o r d e d  d u r i n g  e l e c t r o o x i d a t i o n  a t  peak Ig  

p o t e n t i a l s  ( c a . 0 . 6 V )  i n  p h o s p h a t e  b u f f e r  (u = 0 . 1 )  a t  pH

7 . 0 .  R e d u c t i o n  p e a k  1 1 ' ^  s p l i t  i n t o  t w o  p e a k s  ( 1 1 ' ^  and  

i r ' j . )  d u r i n g  t h e  e l e c t r o l y s i s  ( F i g s .  1 4 B ,  C,  D and E) .  

O x i d a t i o n  pe ak  I g  and peak I l g  bot h  d e c r e a s e d  i n  h e i g h t  and 

d i s a p p e a r e d  a t  t h e  end o f  e l e c t r o l y s i s  ( F i g .  1 4 F ) .
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F i g .

0.4 0.6 0.8
I o n ic  S t r e n g t h

12 V a r i a t i o n  o f  t h e  i o n i c  s t r e n g t h  o f  pH 7. 0
p h o s p h a t e  b u f f e r  f o r  t h e  c o n t r o l l e d  p o t e n t i a l  e l e c 
t r o o x i d a t i o n  o f  7 - m e t h y l  u r i c  a c i d  a t  p e a k  I l g,  
p o t e n t i a l s  ( 1 . 2  V) .
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S p e c t r a l  changes o b s e r v e d  d u r i n g  t h e  c o n t r o l l e d  
p o t e n t i a l  e l e c t r o o x i d a t i o n  o f  1 . 8mM 7 - m e t h y l  u r i c  
a c i d  i n  pH 7 . 0  p h o s p h a t e  b u f f e r  (u = O . I M )  a t  0 . 8V.
C u r v e  1 i s  t h e  U. V.  s p e c t r u m  o f  7 - m e t h y l u r i c  a c i d .
S p e c t r a  wer e  r e c o r d e d  a f t e r  ( 2 )  15 ,  ( 3 )  2 5 ,  ( 4)  33,
( 5 )  5 0 ,  ( 6 ) 65 and ( 7 )  166 mi n .
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F i g .  14 C y c l i c  vo l  t a mmo g r a ms  a t  t h e  PGE t a k e n  t h r o u g h o u t  
t h e  c o u r s e  o f  a c o n t r o l l e d  p o t e n t i a l  o x i d a t i o n  o f  
2mM 7 - m e t h y l u r i c  a c i d  in pH 7 . 0  p h o s p h a t e  b u f f e r  (u 
= 0 . 1  M) a t  0 . 6 V .  ( A)  B e f o r e  e l e c t r o l y s i s ,  ( B ) ,
( C ) ,  ( D ) ,  ( E )  a nd  ( F)  w e r e  r e c o r d e d  a f t e r  15 ,  3 0 ,  
45 mi n ,  1 and 2 h o f  e l e c t r o l y s i s .  Sweep r a t e :  
200 mVs- 1 .
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F i g u r e  15 shows a s e r i e s  o f  c y c l i c  vol  t a mmo g r a ms  o f  7 -  

m e t h y l u r i c  a c i d  r e c o r d e d  d u r i n g  e l e c t r o o x i d a t i o n  a t  peak I l g  

p o t e n t i a l s  (c_a. 1 . 2  V)  i n  p h o s p h a t e  b u f f e r  (u = 0 . 1 )  a t  pH

7 . 0 .  T h r e e  n e w  r e d u c t i o n  p e a k s  a n d  I V ^ )

a p p e a r e d  ( F i g .  1 5 E ) .

3.  A. 4.  I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  e l e c t r o o x i -

d a t i o n  p r o d u c t s

The p r o d u c t  s o l u t i o n s  o b t a i n e d  a f t e r  c o n t r o l l e d  p o t e n 

t i a l  e l e c t r o l y s e s  o f  7 - m e t h y l u r i c  a c i d  w e r e  f r e e z e - d r i e d .  

The r e s u l t i n g  s o l i d  was d i s s o l v e d  i n  a b o u t  2 ml  o f  w a t e r  and  

p a s s e d  t h r o u g h  a c o l u m n  o f  S e p h a d e x  G - 1 0  g e l  p e r m e a t i o n  

r e s i n  ( 8 0  x 1 . 5  cm)  u s i n g  w a t e r  as t h e  e l u e n t  ( 3 6  ml  h"^  

f l o w  r a t e ) .  T h e  e l u e n t  was  m o n i t o r e d  a t  2 0 7  nm ( G i l s o n  

H o l o c h r o me  U.V.  d e t e c t o r )  and 4 ml  f r a c t i o n s  w e r e  c o l l e c t e d  

w i t h  a f r a c t i o n  c o l l e c t o r .  A l i q u i d  c h r o m a t o g r a m  o f  t h e  

p r o d u c t s  o b t a i n e d  f r o m e l e c t r o o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  

a t  p e a k  I g  i n  p h o s p h a t e  b u f f e r  (u = 0 . 1 )  a t  pH 7 . 0  i s  shown  

in Fig.  16 .

The c o mp o n e n t  e l u t e d  u n d e r  l i q u i d  c h r o m a t o g r a p h i c  (LC)  

p e a k  A was  i s o l a t e d  a f t e r  f r e e z e - d r y i n g  as  a b l a c k  s y r u p .  

I n  w a t e r  i t  s h o w e d  an U . V .  a b s o r p t i o n  b a n d  a t  2 3 0  nm 

( F i g .  1 7 ) .  Mass s p e c t r o m e t r y  o f  t h e  s o l i d  m a t e r i a l  d i d  not  

g i v e  an u s e f u l  mass s p e c t r a l  d a t a .  A t t e m p t s  t o  d e r i v a t i z e  

t h e  s o l i d  w i t h  a v a r i e t y  o f  s i l y l a t i o n  a g e n t s  u n d e r  many  

d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s  we r e  u n s u c c e s s f u l .
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F i g .  15 C y c l i c  v o l t a m m o g r a m s  a t  t h e  PGE t a k e n  t h r o u g h o u t  
t h e  c o u r s e  o f  a c o n t r o l l e d  p o t e n t i a l  o x i d a t i o n  o f  
2mM 7 - m e t h y l u r i c  a c i d  i n  pH 7. 0 p h o s p h a t e  b u f f e r  (u 
= 0 . 1  M) a t  1 . 2  V. ( A)  B e f o r e  e l e c t r o l y s i s ,  ( B ) ,  
( C ) ,  (D)  and ( E)  w e r e  r e c o r d e d  a f t e r  1 5 ,  3 0 ,  4 5 and  
75 mi n.  Sweep r a t e :  2 00 mVs“ .
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Fi g .  16 L i q u i d  c h r o ma t o g r a m o f  t h e  p r o d u c t s  o f  e l e c t r o c h e 

m i c a l  o x i d a t i o n  o f  2 mM 7 - m e t h y l u r i c  a c i d  i n  pH 7 . 0  
p h o s p h a t e  b u f f e r  (u = O . I M)  o x i d i z e d  a t  0 . 6  V.  
C h r o m a t o g r a p h y  d o n e  on S e p h a d e x  G - 1 0  ( 8 0  x 2 cm)  
u s i n g  w a t e r  as t h e  e l u e n t  (32 m l h " ^ ) .



0.05 AU
Q)
O
C
CÜ

S2
O
CD

n<
O)o

220 260 300  340
Wavelength /  nm

380

F i g .  17 U . V .  s p e c t r u m  o f  LC component  A i n  w a t e r
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T h e  c o m p o n e n t  e l u t e d  u n d e r  LC pe a k  B i s  due  t o  i n o r g a 

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

r i d e  i o n  f r o m  t h e  r e f e r e n c e  e l e c t r o d e .

The  c o mp o n e nt  e l u t e d  u n d e r  LC peak C was i s o l a t e d  a f t e r  

f r e e z e - d r y i n g  as a w h i t e  p o w d e r .  I n  w a t e r  i t  showe d a 

c h a r a c t e r i s t i c  U.V.  s p e c t r u m  w i t h  A  = 2 0 7  nm ( F i g .  1 8 ) .  

The mass s p e c t r u m  on s o l i d  s a m p l e  gave t h e  f o l l o w i n g  r e s u l t s  

( 7 0  e V ,  2 0 0 ° C ) ,  m/ e  ( r e l a t i v e  a b u n d a n c e ) :  1 7 4  ( 1 . 3 % ) ,  173  

( 7 . 8 % ) ,  1 7 2  ( M + ,  2 8 . 2 % ) ,  1 5 5  ( 3 2 . 1 % ) ,  1 4 5  ( 2 2 . 4 % ) ,  1 4 4

( 1 0 0 % ) ,  1 2 9  ( 9 0 . 7 % )  and  1 2 8  ( 5 0 . 0 % ) .  S i l y l a t i o n  w i t h  ESA i n  

p y r i d i n e  a t  8 0 ° C  f o r  30  mi n  g a v e  GC p e a k s  a t  t p  = 2 8 . 7 5  mi n  

h a v i n g  m o l a r  mass o f  4 6 0  g ( b a s e d  on El  and C l  ma s s  s p e c t r o 

m e t r y ) .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h i s  m a j o r  p r o d u c t  had

a m o l a r  mass  o f  172 g and i n  f a c t  was t h e  s a me  p r o d u c t

o b t a i n e d  f o l l o w i n g  e l e c t r o o x i d a t i o n  of  7 - m e t h y l u r i c  a c i d  a t  

peak I  g p o t e n t i a l s  i n  0 . 5  NaCl  p l us  5 m^ Na 2 HP0 ^ a t  pH 7. 5

i n  a t h i n - l a y e r  c e l l .  F r a g m e n t a t i o n  d a t a  o b t a i n e d  f r o m MS,

E l -  and C l - M S  i n d i c a t e  t h a t  t h i s  p r o d u c t  i s  4 - m e t h y 1a l 1an -

t o i n .

H2N8
H

4 -  methy lallantoin

An e x t r e m e l y  s m a l l  a mount  o f  p r o d u c t  was e l u t e d  under  

LC p e a k  E as shown i n  F i g .  16 .  I t  was n o t  p o s s i b l e  t o
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F i g .  18 U.V.  s p e c t r u m  o f  LC c ompone nt  C i n  w a t e r .
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i d e n t i f y  o r  c h a r a c t e r i z e  t h i s  compound.

I t  i s  a l s o  not e d  t h a t  a t  pH < 5.0 an a d d i t i o n a l  peak 1^ 

p r o d u c t  a p p e a r s .  I n  w a t e r  i t  showed an U.V.  a b s o r p t i o n  band 

a t  2 0 6  nm.  T h i s  p r o d u c t  wa s  i s o l a t e d  a f t e r  f r e e z e  d r y i n g  

as a w h i t e  s o l i d .  E l -  and C l / M S  on t he  d e r i v a t i z e d  m i x t u r e s  

(BSTFA or  MTBSTFA i n  a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  24  

h)  i n d i c a t e  t h a t  t h i s  p r o d u c t  has  a m o l a r  mass  o f  173  g and  

p o s s e s s e s  o n l y  t h r e e  o f  i t s  f o u r  a v a i l a b l e  s i t e s .

L i q u i d  c h r o m a t o g r a m  o f  t h e  peak  1 1 ^  p r o d u c t s  a l s o  

s h o w e d  t w o  a d d i t i o n a l  LC p e a k s  D and F ( F i g .  1 9 ) .  C o m p a r i 

son o f  t h e  l i q u i d  c h r o m a t o g r a m s  shown i n  F i g s .  16 and 19 

r e v e a l s  t h a t  LC peaks A and E i n c r e a s e  i n  h e i g h t .  Howeve r ,  

t h e s e  t h r e e  LC p e a k s  D,  E and  F a r e  m i n o r  p r o d u c t s  c o m p a r i n g  

w i t h  c o m p o n e n t  e l u t e d  u n d e r  LC p e a k  C (c_a. < 5%) .  The  p r o 

d u c t  e l u t i n g  u n d e r  LC p e a k  D was  i s o l a t e d  a f t e r  f r e e z e  

d r y i n g  as a w h i t e  s o l i d .  I n  w a t e r  t h i s  p r o d u c t  e x h i b i t e d  an 

U. V.  a b s o r p t i o n  band a t  2 1 0  nm ( F i g .  2 0 ) .  S i l y l a t i o n  w i t h  

BSTFA i n  a c e t o n i t r i l e  a t  r o o m  t e m p e r a t u r e  f o r  2 h g a v e  GC 

p e a k  a t  t[^ = 1 8 . 8 8  mi n  h a v i n g  a m o l a r  mass  o f  2 7 1  g ( b a s e d  

on El  and Cl  mass s p e c t r o m e t r y ) .  S i l y l a t i o n  w i t h  MTBSTFA i n  

a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  2 h gave  GC peak a t  t p  

= 1 9 . 5  m i n  h a v i n g  a m o l a r  ma s s  o f  355  g . T h e s e  r e s u l t s  

i n d i c a t e  t h a t  t h e  c o mp o u n d  has  a m o l a r  ma s s  o f  127  g and  

p o s s e s s e s  2  s i l y l a t a b l e  s i t e s .

A f t e r  r e mo v a l  o f  t h e  e l u e n t  by f r e e z e - d r y i n g ,  t he  com-
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Fig.  19 L i q u i d  c h r o m a t o g r a m o f  t he  p r o d u c t s  o f  e l e c t r o 
c h e m i c a l  o x i d a t i o n  o f  2 mM 7 - m e t h y l u r i c  a c i d  in pH 
7 . 0  (u = O . I M )  a t  1. 2 V.  C h r o m a t o g r a p h y  w e r e  done  
on S e p h a d e x  G - 1 0  ( 8 0  x 2 cm)  u s i n g  w a t e r  as t h e  
e l u e n t  (32 m l h " ^ ) .
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pound  e l u t e d  u n d e r  LC p e a k  E wa s  f o u n d  t o  be a w h i t e  s o l i d .  

I n w a t e r  i t  showed U.V.  a b s o r p t i o n  bands a t  = 198 and

2 6 8  nm ( F i g .  2 1 ) .  T h e  U. V .  s p e c t r u m  and LC r e t e n t i o n  v o l u m e  

o f  t h i s  compound a g r e e  w i t h  t h o s e  o b t a i n e d  f o r  LC peak E i n  

pe a k  I  g p r o d u c t .  Low r e s o l u t i o n  mass s p e c t r o m e t r y  ( 70  eV,  

2 0 0 ° C)  ga v e  t h e  f o l l o w i n g  m a j o r  p e a k s ,  m/ e  ( r e l a t i v e  abun

d a n c e ) :  1 6 2  ( 0 . 2 % ) ,  161  ( 1 . 3 % ) ,  1 6 0  (M + , 1 6 . 7 % ) ,  1 4 5  ( 0 . 9 % ) ,  

1 4 4  ( 8 . 1 % ) ,  1 4 3  (M + - O H ,  6 8 . 5 % ) ,  132  ( 0 . 9 % ) ,  1 3 1  ( 5 . 7 % ) ,  130  

( M + - C H j N H ,  1 0 0 % ) ,  1 1 9  ( 0 . 3 % ) ,  1 1 8  ( 1 . 0 %)  and 1 1 7  ( M+ - N H C O,  

19. 5%) .  A s u g g e s t e d  f r a g m e n t a t i o n  scheme t o  a c c o u n t  f o r  t h e  

m a j o r  i o n s  o b s e r v e d  i n  t h e  ma s s  s p e c t r u m  i s  s h o w n  i n  F i g .  

22.  S i l y l a t i o n  w i t h  BSTFA i n  a c e t o n i t r i l e  a t  r oom t e m p e r a 

t u r e  f o r  2 4  h g a v e  GC p e a k  a t  t[^ = 2 8 . 3  mi n  h a v i n g  a m o l a r  

mass o f  358  g ( ba sed  on El  and Cl  mass s p e c t r o m e t r y ) .  S i l y 

l a t i o n  w i t h  MTBSTFA i n a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  

24  h g a v e  a p e a k  a t  = 3 5 . 4  m i n  h a v i n g  a m o l a r  mass  o f  4 8 4  

g.  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  c o mp o u n d  h a s  a m o l a r  

mass o f  142  g and p o s s e s s e s  t h r e e  s i l y l a t a b l e  s i t e s .  The

CHs

— H 2 0

N H during silylation

M W  =  160 M W  = 142

m o l a r  mass o f  t h i s  compound o b t a i n e d  f r o m  mass s p e c t r o m e t r y  

and GC / MS  i s  18 g d i f f e r e n t .  T h i s  can be e x p l a i n e d  t h a t
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F i g .  21 U.V.  s p e c t r u m  o f  LC c o mp o n e n t  E i n w a t e r ,
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F i g .  22 P o s s i b l e  scheme t o  a c c o u n t  f o r  t h e  m a j o r  f r a g m e n t s  
o b s e r v e d  in t h e  l ow r e s o l u t i o n  mass s p e c t r u m  of  LC 
c o mp o ne n t  E ( t h e  peak I K  p r o d u c t  o f  e l e c t r o o x i d a 
t i o n  o f  7 - m e t h y l u r i c  a c i d ) .
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d u r i n g  s i l y l a t i o n  w a t e r  m o l e c u l e  i s  e l i m i n a t e d  f r o m  t h i s  

c o m p o u n d  t o  g i v e  a s i x - m e m b e r e d  r i n g  c o m p o u n d { X X I ) .

T h e  p r o d u c t  e l u t e d  u n d e r  LC p e a k  F wa s  i s o l a t e d  a f t e r  

f r e e z e  d r y i n g  as a w h i t e  s o l i d .  I n  w a t e r  t h i s  p r o d u c t  

e x h i b i t e d  U. V.  a b s o r p t i o n  b a n d s  a t  X = 2 0 4  a nd  2 9 0  ( s h )  

nm ( F i g .  2 3 ) .  S i l y l a t i o n  w i t h  BSTFA i n  a c e t o n i t r i l e  a t  room 

t e m p e r a t u r e  f o r  2 4  h g a v e  GC p e a k s  a t  t[^ = 2 4 . 8 7  mi n  h a v i n g  

m o l a r  mass 344  g.

3 .  B.  E n z y m a t i c  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d

3 ^ ^  l_j_ S p e c t r a l  a n d  k i n e t i c  s t u d i e s

S t o c k  s o l u t i o n  o f  7 - m e t h y l u r i c  a c i d ,  h y d r o g e n  p e r o x i d e  

and t y p e  V I I I  p e r o x i d a s e  w e r e  p r e p a r e d  f r e s h  each day i n an 

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

e n z y m e - c a t a l y z e d  o x i d a t i o n ,  0. 7 ml o f  3 mM 7 - m e t h y l u r i c  a c i d  

s o l u t i o n  and an e q u a l  v o l u m e  o f  4 uM p e r o x i d a s e  s o l u t i o n  

w e r e  m i x e d  i n  a 1 cm q u a r t z  c e l l .  T h e  e n z y m a t i c  o x i d a t i o n  

was i n i t i a t e d  by a d d i n g  0 . 7  ml o f  12 m];! o f  H2 O2  s t ock  s o l u 

t i o n .  T y p i c a l  c o n d i t i o n s  and s p e c t r a l  s t u d i e s  o b t a i n e d  a t  

pH 7 . 5  ( 0 . 5  M NaCl  p l u s  5 mM N a 2 HPÜ4 ) a r e  p r e s e n t e d  i n  F i g .  

2 4 .  C u r v e  1 i n  F i g .  2 4 A i s  t h e  s p e c t r u m  o f  7 - m e t h y l u r i c  

a c i d  ( X ^ g x  " 291  , 2 3 3  a nd  2 0 4  nm) .  I n i t i a t i o n  o f  t h e  

p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  causes  t h e  bands a t  2 91 nm t o  

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

a t  2 1 5  nm i n c r e a s e s  a nd  t h e  a b s o r b a n c e  b e t w e e n  3 5 0 - 3 1 0  nm 

a l s o  i n c r e a s e s .  A f t e r  s c a n n i n g  c u r v e  4 i n  F i g .  24A t h e
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F i g .  23 U.V.  s p e c t r u m o f  LC component  F i n  w a t e r .
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F i g .  24 S p e c t r a  t a k e n  d u r i n g  t h e  c o u r s e  o f  t h e  o x i d a t i o n  
o f  7 - m e t h y l u r i c  a c i d  ( 6 0 0  uM)  by H^O? ( 1 2 0 0  uM)  
c a t a l y z e d  by t h e  t y p e  V I I I  p e r o x i d a s e  ( 0 . 4  uM) i n  
pH 7 . 5  ( 0 . 5  M NaCL p l u s  5 mM N a 2 HPÜ4 ) .  (A)  C u r v e  1 
i s  t h e  i n i t i a l  s p e c t r u m  o f  7 - m e t h y l u r i c  a c i d  and  
p e r o x i d a s e  t y p e  V I I I .  C u r v e  2 wa s  r e c o r d e d  a f t e r  
a d d i n g  H2 O2 . C u r v e  3 and 4 w e r e  r e c o r d e d  a f t e r  40  
and  80 s e c .  ( B)  C u r v e  5 was r e c o r d e d  a f t e r  a d d i n g  
c a t a l a s e .  C u r v e  25 was r e c o r d e d  a f t e r  20 mi n.
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o x i d a t i o n  was t e r m i n a t e d  by a d d i n g  c a t a l a s e  i n  t h e  same  

b u f f e r  w h i c h  r a p i d l y  d e s t r o y s  any r e m a i n i n g  H2 O2 . The s p e c 

t r a l  c h a n g e s  a r e  s h own  b e t w e e n  c u r v e s  5 - 2 5  i n  F i g .  24 B.  

T h e r e f o r e ,  an i n t e r m e d i a t e  s p e c i e s  i s f o r me d  as a r e s u l t  o f  

t h e  p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d .  

The s p e c t r u m  o f  t he  i n t e r m e d i a t e s  g e n e r a t e d  i n  t h e  e l e c t r o 

c h e m i c a l  and p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  a r e  v e r y  s i m i 

l a r .  S p e c t r a l  changes o b s e r v e d  d u r i n g  t h e  p e r o x i d a s e - c a t a 

l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  i n  pH 7 . 5  p h o s p h a t e  

b u f f e r  ( u = 0 . 1 )  w e r e  s i m i l a r  t o  t h o s e  s hown i n  F i g .  24  ( 0 . 5  

M Na Cl  p l u s  5 mM Na 2 HP 0 4  a d j u s t e d  t o  pH 7 . 5 ) .  T h e  k i n e t i c s  

o f  d e c a y  o f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  g e n e r a t e d  i n t h e  

p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  w e r e  

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

r e a c t i o n  h a d  bee n t e r m i n a t e d  by a d d i t i o n  o f  c a t a l a s e .  The  

d e c o m p o s i t i o n  o f  t he  i n t e r m e d i a t e  s p e c i e s  f o l l o w i n g  f i r s t -  

o r d e r  k i n e t i c s  and w e r e  r e p o r t e d  i n  T a b l e  3.  T h e s e  v a l u e s  

c o mp a r e  w e l l  w i t h  t h o s e  d e t e r m i n e d  f o r  d e c o m p o s i t i o n  o f  t h e  

i n t e r m e d i a t e  f o r med  i n t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  r e a c 

t i o n .

^  I s o l a t i o n  a n d  i d e n t i f i c a t i o n  o f  e n z y m a t i c  

o x i d a t i o n  p r d u c t s

I n  o r d e r  t o  t r a p  and i d e n t i f y  t h e  i n t e r m e d i a t e  f o r m e d  

i n  t h e  p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  

t h e  r e a c t i o n  was  c a r r i e d  o u t  i n  0 . 5  M N a C l  p l u s  5 mM̂  

Na^HPO^.  The  r e a c t i o n  was a l l o w e d  t o p r o c e e d  f o r  90 s or  10
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T a b l e  3

F i r s t  o r d e r  r a t e  c o n s t a n t s  o b s e r v e d  f o r  d e c o m p o s i t i o n  o f  
i n t e r m e d i a t e s  g e n e r a t e d  by e l e c t r o c h e m i c a l  and p e r o x i d a s e -  
c a t a l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  i n  0. 5 M NaCl  p l us  
5 mM Na2 HP0 4  pH 7 . 5 .

C o n e . X (  nm) ^obs ( s - I j a

E l e c t r o c h e m i c a l  o x i d a t i o n

1 mM 0 . 8  V 2 2 0 1.0x10-3 + 1.0x10-5

290 1.1x10-3 + l.lxlQ-5

325 1.1x10-3 + 1.0x10-5

E n z y m a t i c  o x i d a t i o n

1 mM p e r o x i d a s e 215 1.3x10-3 + 1.1x10-5
t y p e  V I I I

290 1 . 4 x l O - J + 1.0x10-3

325 1.1x10-3 + 1.0x10-5

^ C a l c u l a t e d  by a n a l y s i s  o f  A jv^.  t  o b t a i n e d  a t  t h e  w a v e 
l e n g t h  n o t e d .  The  a v e r a g e  o f  a t  l e a s t  t h r e e  r e p l i c a t e  
m e a s u r e m e n t s  i s  r e p o r t e d  + s t a n d a r d  d e v i a t i o n .
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m i n  t o  t r a p  t h e  i n t e r m e d i a t e  or  p r o d u c t ,  r e s p e c t i v e l y .  

A f t e r  t h i s  t i m e  an a l i q u o t  ( 2  m l )  o f  t h e  r e a c t i o n  s o l u t i o n  

was  t r a n s f e r r e d  t o  a v i a l  m a i n t a i n e d  a t  -  7 8 ° C  ( d r y  i c e -  

a c e t o n e ) .  The f r o z e n  s o l u t i o n  was t h e n  f r e e z e - d r i e d ,  d e r i 

v a t i z e d  w i t h  BSA and  a n a l y z e d  by GC- MS u s i n g  e x a c t l y  t h e  

same c o n d i t i o n s  used t o  a n a l y z e  t h e  i n t e r m e d i a t e  g e n e r a t e d  

and t r a p p e d  i n  t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i  e x p e r i m e n t s .  

GC o f  a b l a n k  m i x t u r e  ( i . e .  c o n t a i n i n g  no 7 - m e t h y l u r i c  a c i d )  

c a r r i e d  t h r o u g h  t h e  s a me  p r o c e d u r e  g a v e  m u l t i p l e  p e a k s .  

T h e s e  p e a k s  a r e  u n d o u b t e d l y  due t o  t h e  s i l y l a t e d  d e r i v a t i v e s  

o f  t h e  d e g r a d a t i o n  p r o d u c t s  o f  p e r o x i d a s e .  No a t t e m p t s  we r e  

made t o  i d e n t i f y  t h e s e  p e a k s .  I n t h e  p e r o x i d a s e - c a t a l y z e d  

r e a c t i o n  a t ,  f o r  e x a m p l e ,  pH 7 . 5 ,  t h e  s a m e  r e s u l t s  w e r e  

o b t a i n e d  as in t h e  e l e c t r o c h e m i c a l  s t u d y ,  i . e . ,  t h e  t r a p p e d  

i n t e r m e d i a t e  had a m o l a r  mass  o f  1 9 8  g and p o s s e s s e d  t h r e e  

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

d e c o mp o s e d  t o  one m a j o r  p r o d u c t  ( m o l a r  mass o f  172 g) .  The  

GC and  GC- MS b e h a v i o r s  o f  t h e  i n t e r m e d i a t e s  and p r o d u c t s  

f o r m e d  i n  t h e  e n z y m a t i c  r e a c t i o n  w e r e  i d e n t i c a l  t o  t h o s e  

f o r m e d  i n  t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 -  

m e t h y l u r i c  a c i d .

I n  o r d e r  t o  c o m p a r e  t h e  m e c h a n i s m  o f  e l e c t r o c h e m i c a l  

and e n z y m a t i c  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  i t  was o f  more  

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

o x i d a t i o n .  H o w e v e r ,  u n d e r  t h e  c o n d i t i o n s  u s e d  a b o v e  o n l y  

one m a j o r  p r o d u c t  ( 4 - m e t h y l a l l a n t o i n )  was o b t a i n e d .  I t  was
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n e c e s s a r y  t o  c a r r y  o u t  o x i d a t i o n s  on a l a r g e  s c a l e  b e c a u s e  

t h e  y i e l d  o f  t h e  t h r e e  m i n o r  p r o d u c t s  i s  v e r y  s m a l l  (< 

0 . 5 % ) .  T y p i c a l l y ,  1 0 - 1 2  mg o f  7 - m e t h y l u r i c  a c i d  was d i s 

s o l v e d  i n  30  ml  o f  p h o s p h a t e  b u f f e r  (u = 0 . 1  M)  pH 7 . 5  o r  i n  

0 . 5  ^  N a C l  p l u s  5 mM Na^HPO^ h a v i n g  t h e  s a m e  pH.  T h e n  1 . 4  

ml  o f  H2 O2  ( 8 8 0  mM)  s o l u t i o n  was  a d d e d  f o l l o w e d  by 3 - 4  mg o f  

t y p e  V I I I  p e r o x i d a s e .  The r e s u l t i n g  i n i t i a l  c o n c e n t r a t i o n s  

o f  7 - m e t h y l u r i c  a c i d ,  H2 O2  and p e r o x i d a s e  w e r e  t h u s  "2 mM,

3 8 . 5  m]1,  3 . 1 2 5  u ^ ,  r e s p e c t i v e l y .  T he  h o m o g e n e o u s  r e a c t i o n  

m i x t u r e  was s t i r r e d  a t  r oom t e m p e r a t u r e  f o r  1 h.  The  s p e c 

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

s i m i l a r  t o  t h o s e  shown i n  F i g .  24.  A f t e r  one h o u r  t h e  o x i d a 

t i o n  was c o m p l e t e .  The p r o d u c t  s o l u t i o n  was f r e e z e - d r i e d .  

T h e  r e s u l t i n g  s o l i d  wa s  d i s s o l v e d  i n  c_a. 2  ml  o f  d i s t i l l e d  

w a t e r  a n d  i n j e c t e d  o n t o  a c o l u m n  o f  S e p h a d e x  G - 1 0  u s i n g  

w a t e r  as t h e  e l u e n t .  T y p i c a l  l i q u i d  c h r o m a t o g r a m s  of  p r o 

d u c t  m i x t u r e  f o r m e d  i n  pH 7 . 5  p h o s p h a t e  b u f f e r  s h o ws  f i v e  

l i q u i d  c h r o m a t o g r a p h i c  p e a k s  ( A,  B,  C,  D a n d  E,  F i g .  2 5 ) .  

L i q u i d  c h r o m a t o g r a p h i c  ( L C)  p e a k  A i s  p r i m a r i l y  due t o  

p e r o x i d a s e .  LC p e a k  B i s  d u e  t o  i n o r g a n i c  p h o s p h a t e .  L i 

q u i d  c h r o m a t o g r a m s  o f  t h e  e n z y m a t i c  p r o d u c t s  f o r m e d  i n  0 . 5  M 

N a Cl  p l u s  N a 2 HP 0  ̂ a t  pH 7 . 5  ( F i g .  2 6 )  w e r e  s i m i l a r  t o  t h o s e  

o b t a i n e d  when  t h e  o x i d a t i o n  was c a r r i e d  o u t  i n  p h o s p h a t e  

b u f f e r ,  e x c e p t  t h a t  one mor e  LC peak A' a p p e a r e d  b e t we e n  LC 

p e a k s  A a n d  B. A g a i n  LC p e a k  A i s  due  t o  t h e  p e r o x i d a s e .  

LC p e a k  A'  i s  due  t o  c h l o r i d e  i o n .  LC p e a k  B i s  due t o  

i n o r g a n i c  p h o s p h a t e .  The r e m a i n i n g  LC peaks  C- E a r e  e s s e n -
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F i g .  25 L i q u i d  c h r o ma t o g r a m o f  t h e  p r o d u c t s  f o r m e d  by o x i 
d a t i o n  o f  7 - m e t h y l u r i c  a c i d  (2 mM) by HgO? ( 38. 5mM)  
i n  t h e  p r e s e n c e  o f  t y p e  V I I I  p e r o x i d a s e  f 3 . 1 2 5  uM)  
i n  pH 7 , 5  p h o s p h a t e  b u f f e r  (u = 0 . 1  M ) .  C h r o m a t o 
g r a p h y  was d o ne  on a c o l u m n  o f  S e p h a d e x  G - 1 0  (90 x
2 . 5  cm) us i ng w a t e r  as t h e  e l u e n t  ( 34 m l h " ) .
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F i g .  26  L i q u i d  c h r o m a t o g r a m  o f  t h e  p r o d u c t s  f o r m e d  by o x i 

d a t i o n  o f  7 - m e t h y l u r i c  a c i d  (2 mM) by ( 38 . 5mM)
i n  t h e  p r e s e n c e  o f  t y p e  V I I I  p e r o x i d a s e  ( 3 . 1 2 5  uM)  
i n  0.5 M NaCl  p l u s  5 mM Na 2 HP0 /j a t  pH 7 . 5 .  Chr oma
t o g r a p h y  was done on a col umn o f  Sepha.dex G-10 (90  
X  2. 5 cm) u s i n g  w a t e r  as t h e  e l u e n t  ( 34  m l h ” ^) .
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t i a l l y  t h e  same f o r  t h e  p r o d u c t s  f o r m e d  i n  b o t h  p h o s p h a t e  

b u f f e r  and 0 . 5  ^  p l u s  5 N a 2 HP0  ̂ a t  pH 7 . 5 .  The  e l u e n t  

c o r r e s p o n d i n g  t o  LC p e a k s  C- E was c o l l e c t e d  and f r e e z e -  

d r i e d .

The component  e l u t e d  under  LC peak C was i s o l a t e d  a f t e r  

f r e e z e - d r y i n g  as a w h i t e  p o w d e r .  I n  w a t e r  i t  s h o w e d  a 

c h a r a c t e r i s t i c  U. V.  s p e c t r u m  w i t h   ̂ = 2 0 7  nm.  The  mass

s p e c t r u m  on s o l i d  s a m p l e  gave t h e  f o l l o w i n g  r e s u l t s  ( 70 eV,  

2 0 0 ° C ) ,  m / e  ( r e l a t i v e  a b u n d a n c e ) :  1 7 3  ( 1 . 6 % ) ,  172 ( M * ,

2 0 . 6 % ) ,  1 5 7  ( 0 . 4 % ) ,  1 5 6  ( 1 . 8 % ) ,  1 55 ( 2 6 . 1 % ) ,  1 4 6  ( 0 . 6 % ) ,  1 4 5  

( 6 . 5 % ) ,  1 4 4  ( 1 0 0 % ) ,  1 2 9  ( 8 0 . 5 % )  and 1 2 8  ( 4 1 . 1 % ) .  S i l y l a t i o n  

w i t h  BSTFA i n a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  2 h gave

GO p e a k s  a t  t[^ = 2 8 . 7 5  mi n h a v i n g  m o l a r  mass o f  460 g ( based

on E l  and Cl  mass  s p e c t r o m e t r y ) .  T h e s e  r e s u l t s  i n d i c a t e  

t h a t  t h i s  m a j o r  p r o d u c t  had  a m o l a r  ma s s  o f  172  g . F r a g m e n 

t a t i o n  d a t a  o b t a i n e d  f r o m  MS,  E l -  and C l - M S  i n d i c a t e  t h a t  

t h i s  p r o d u c t  i s  4 - m e t h y l a l l a n t o i n .  T h u s ,  LC c o m p o n e n t  C 

o b t a i n e d  f r o m  e l e c t r o c h e m i c a l  o x i d a t i o n  and LC c omponent  C 

o b t a i n e d  f r o m e n z y m a t i c  o x i d a t i o n  a r e  t h e  same compound.

The  p r o d u c t  e l u t i n g  under  LC peak D was i s o l a t e d  a f t e r  

f r e e z e  d r y i n g  as a w h i t e  s o l i d .  I n  w a t e r  t h i s  p r o d u c t  

e x h i b i t e d  an U. V.  a b s o r p t i o n  band  a t  2 1 0  nm.  S i l y l a t i o n  

w i t h  BSTFA i n a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  2 h gave

GC p e a k  a t  t[^ = 1 8 . 8 8  m i n  h a v i n g  a m o l a r  mass  o f  2 7 1  g

( b a s e d  on El  and Cl  ma s s  s p e c t r o m e t r y ) .  S i l y l a t i o n  w i t h  

MTBSTFA i n a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  2 h gave GC
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p e a k  a t  t p  = 1 9 . 5  mi n  h a v i n g  a m o l a r  ma ss  o f  3 5 5  g.  T h e s e  

r e s u l t s  i n d i c a t e  t h a t  t h e  c o mp o u n d  has  a m o l a r  ma s s  o f  127  g 

and p o s s e s s e s  2 s i l y l a t a b l e  s i t e s .  F r a g m e n t a t i o n  d a t a  ob

t a i n e d  f r o m  E l -  and C l - M S  i n d i c a t e  t h a t  t h i s  p r o d u c t  i s  1 -  

m e t h y 1 - 2 , 5 - d i k e t o - 4 - i m i  n o - i m i d a z o l e .  T h u s ,  LC component  D 

o b t a i n e d  f r o m  e l e c t r o c h e m i c a l  o x i d a t i o n  and LC component  D 

o b t a i n e d  f r o m  e n z y m a t i c  o x i d a t i o n  a r e  t h e  same compound.

A f t e r  r e m o v a l  o f  t h e  e l u e n t  by f r e e z e - d r y i n g ,  t h e  com

p o u n d  e l u t e d  u n d e r  LC p e a k  E was  f o u n d  t o  be a w h i t e  s o l i d .  

I n  w a t e r  i t  showed U.V.  a b s o r p t i o n  bands a t  = 198 and

268 nm.  Low r e s o l u t i o n  mass s p e c t r o m e t r y  ( 70 eV,  2 0 0 ° C )  gave  

t h e  f o l l o w i n g  m a j o r  p e a k s ,  m / e  ( r e l a t i v e  a b u n d a n c e ) :  161  

( 2 . 2 % ) ,  1 6 0  (M + , 2 6 . 1 % ) ,  1 4 5  ( 1 . 9 % ) ,  1 4 4  ( 9 . 3 % ) ,  1 4 3  (M + - OH ,  

7 7 . 1 % ) ,  1 3 2  ( 1 . 6 % ) ,  131  ( 6 . 7 % ) ,  130  ( M+ -  CH3 NH,  1 0 0 % ) ,  119  

( 1 . 8 % ) ,  1 1 8  ( 3 . 1 %)  and 1 1 7  (M + - NHCO,  5 8 . 2 % ) .  S i l y l a t i o n

w i t h  BSTFA i n  a c e t o n i t r i l e  a t  room t e m p e r a t u r e  f o r  2 h gave  

GC peak a t  t p  = 2 4 . 3  mi n h a v i n g  a m o l a r  mass o f  3 58  g ( based  

on E l  and Cl  mass s p e c t r o m e t r y ) .  S i l y l a t i o n  w i t h  MTBSTFA i n  

a c e t o n i t r i l e  a t  r o o m t e m p e r a t u r e  f o r  2  h g a v e  a p e a k  a t  t[^ = 

3 1 . 4  m i n  h a v i n g  a m o l a r  ma s s  o f  4 8 4  g.  T h e s e  r e s u l t s  i n d i 

c a t e  t h a t  t h e  c o mp o u nd  has  a m o l a r  mass  o f  1 4 2  g and p o s s e s 

ses  t h r e e  s i l y l a t a b l e  s i t e s .  T h e  m o l a r  ma s s  o f  t h i s  c o m 

p o un d  o b t a i n e d  f r o m  mass s p e c t r o m e t r y  and GC / MS i s  18 g 

d i f f e r e n t .  T h i s  can be e x p l a i n e d  t h a t  d u r i n g  s i l y l a t i o n  

w a t e r  m o l e c u l e  i s  e l i m i n a t e d  f r o m  t h i s  compound t o  g i v e  a 

s i x - m e m b e r e d  r i n g  compound.  T h u s ,  LC c o mp o n e n t  E o b t a i n e d
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f r o m  e l e c t r o c h e m i c a l  o x i d a t i o n  and LC co mpo n e nt  E o b t a i n e d  

f r o m e n z y m a t i c  o x i d a t i o n  a r e  t h e  same compound.

3 .  C . D i s c u s s i o n

The peak  I g e l e c t r o c h e m i c a l  o x i d a t i o n  o f  7 - m e t h y l u r i c  

a c i d  a p p e a r s  t o  f o l l o w  t h e  same b a s i c  r e a c t i o n  p a t h w a y  

p r e v i o u s l y  d e s c r i b e d  f o r  u r i c  a c i d  and v a r i o u s  o t h e r  N-  

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

t h a t  o x i d a t i o n  p e a k  I  g o f  7 - m e t h y l u r i c  a c i d  i s  a 2 e r e a c 

t i o n .  T h e  d E p / d ( p H )  s l o p e  f o r  p e a k  I  g o x i d a t i o n  o f  7 -  

m e t h y l u r i c  a c i d ,  c_a. 49 mV,  i s  c l o s e  t o  t h a t  e x p e c t e d  f o r  a 

2 e - H *  i r r e v e r s i b l e  e l e c t r o d e  p r o c e s s  ( s e e  e a r l i e r  d i s c u s 

s i o n ) .  T h u s ,  t h e  i n i t i a l  p e a k  I  g s t e p  i n v o l v e s  a t w o  e l e c 

t r o n ,  one p r o t o n  e l e c t r o o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  ( I ,  

F i g .  2 7 )  t o  g i v e  t h e  q u i n o n o i d  c a t i o n  I I  ( F i g .  2 7 ) .  H y d r a 

t i o n  o f  q u i n o n o i d  I I  t h e n  l e a d s  t o  t e r t i a r y  a l c o h o l  I I I  

( F i g .  2 7 ) .  Compound I I I  has  a m o l a r  mass  o f  1 9 8  g and  

p o s s e s s e s  t h r e e  s i l y l a t a b l e  s i t e s  and i s  b e l i e v e d  t o  be an 

U . V . - a b s o r b i n g  i n t e r m e d i a t e  w h i c h  may be d e t e c t e d  by t h i n -  

l a y e r  s p e c t r o e l e c t r o c h e m i c a l  e x p e r i m e n t s  ( F i g s .  5,  7,  8  and

1 1 ) .  F u r t h e r  e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  I I I  has been  

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

s t u d i e s .  F o r  e x a m p l e ,  f o r m a t i o n  o f  7 - m e t h y l u r i c  a c i d  i n a 

t h i n - l a y e r  c e l l  f o l l o w e d  by r e d u c t i o n  a t  a p o t e n t i a l  o f  peak 

I I ç  l e a d s  t o  p a r t i a l  r e g e n e r a t i o n  o f  7 - m e t h y l u r i c  a c i d  

( F i g s .  7 a n d  1 1 ) .  T h i s  o b s e r v a t i o n  may be r a t i o n a l i z e d  by 

r e d u c t i o n  o f  t h e  t e r t i a r y  a l c o h o l  I I I  t o  a d i h y d r o  compound
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u r i c  a c i d .
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( I V ,  F i g .  2 7 )  i n  t h e  pe a k  1 1 ^  p r o c e s s  f o l l o w e d  by a r a p i d  

d e h y d r a t i o n  o f  I V t o  7 - m e t h y l u r i c  a c i d  ( I ,  F i g .  2 7 ) .

I n  o r d e r  t o  a c c o u n t  f o r  t h e  peak I g  p r o d u c t ,  4 - m e t h y l 

a l l a n t o i n  ( V I I I ,  F i g .  2 7 ) ,  i t  i s  p r o p o s e d  t h a t  t h e  t e r t i a r y  

a l c o h o l  i n t e r m e d i a t e  ( I I I ,  F i g .  2 7 )  u n d e r g o e s  a r i n g  c o n 

t r a c t i o n  l e a d i n g  t o  t h e  c a r b o x y l  i c  a c i d  V ( F i g .  2 7 ) .  T h i s  

c o m p o u n d  h a s  t h e  same m o l a r  mass ( 1 9 8  g ) and n u mb e r  o f  

s i l y l a t a b l e  s i t e s  ( 3 )  as  t h e  p u t a t i v e  t e r t i a r y  a l c o h o l  I I I  

and may t h e r e f o r e ,  i n  p a r t ,  a c c o u n t  f o r  some o f  t h e  o b s e r v e d  

t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  and GC-MS b e h a v i o r  n o t e d .  

H y d r a t i o n ,  d e c a r b o x y l a t i o n  and r i n g  o p e n i n g  v i a  t h e  pa t h wa y  

V  > V I  > V 1 1 ------> V I I I  ( F i g .  2 7 )  l e a d s  t o  4 - m e t h y l 

a l l a n t o i n  ( V I I I ,  F i g .  2 7 ) .  A d d i t i o n a l  e v i d e n c e  f o r  t h e  

f o r m a t i o n  o f  i n t e r m e d i a t e  V ( F i g .  2 7 )  w i l l  be  p r e s e n t e d  i n  

t h e  d i s c u s s i o n  o f  t h e  peak I I g  o x i d a t i o n  r e a c t i o n .

A t  pH £  5 . 0  an a d d i t i o n  p e a k  I g  p r o d u c t  h a v i n g  m o l a r  

mass o f  1 7 3  g a p p e a r s .  T h i s  p r o d u c t  may a l s o  be a c c o u n t e d  

f o r  on t h e  b a s i c  o f  t h e  r e a c t i o n  s c h e me s  p r o p o s e d  f o r  pe a k  

I g  o f  u r i c  a c i d .  T h u s ,  w i t h  d e c r e a s i n g  pH t h e  t e r t i a r y  

a l c o h o l  I I I  ( F i g .  2 7 )  i s  a p p a r e n t l y  h y d r a t e d  t o  t h e  d i o l  I X  

( F i g .  2 7 )  w h i c h  u n d e r g o e s  r i n g  o p e n i n g ,  d e a m i n a t i o n  and  

d e c a r b o x y l a t i o n  t o  g i v e  4 - m e t h y l - 5 - h y d r o x y h y d a n t o i n - 5 - c a r b o -  

x a m i d e  ( X I ,  F i g .  2 7 ) .  T h e  l a t t e r  co mp o u nd  h a s  a m o l a r  mass  

o f  173 and p os s e s s e s  o n l y  t h r e e  o f  i t s  f o u r  a v a i l a b l e  s i t e s .

O x i d a t i o n  p e a k  I I ,  o f  7 - m e t h y l u r i c  a c i d  c o u l d  o n l y  be
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o b s e r v e d  c l e a r l y  a t  pH 2  5 . 7 .  C o u l o m e t r i c  ^ - v a l u e s  f o r  peak  

1 1  g a r e  d e p e n d e n t  on t h e  i o n i c  s t r e n g t h  o f  t h e  p h o s p h a t e  

b u f f e r  u s e d .  T hus ,  a t  a p h o s p h a t e  b u f f e r  i o n i c  s t r e n g t h  of  

0 . 1  M t h e  a p p a r e n t  v a l u e  ( n ^ p p )  was 2 . 3  _+ 0 . 1  w h i c h  i n 

c r e a s e d  t o  3 . 1  + 0 . 2  a t  an i o n i c  s t r e n g t h  o f  o . 5  M t h e n  

s l i g h t l y  d e c r e a s e d  t o  2 . 7  + 0 . 1  a t  an i o n i c  o f  1 . 0  M ( F i g .

1 2 ) .  I n d e e d ,  t h e  m a j o r  p r o d u c t  o f  t h e  peak I l g  e l e c t r o l y s i s  

was t h e  same as was o b t a i n e d  f r o m t h e  peak e l e c t r o l y s i s  

( 4 - m e t h y l a l l a n t o i n ,  V I I I ,  F i g .  2 7 ) .  H o w e v e r ,  t h r e e  m i n o r  

p r o d u c t s  w e r e  f o r m e d  i n  t h e  p e a k  11 g o x i d a t i o n .  T h e  f i r s t  

m i n o r  p r o d u c t  has a m o l a r  mass o f  1 2 7  g a n d  f o r m u l a  o f  

C 4 H 5 N3 O2 . T h e  s e c o n d  m i n o r  p r o d u c t  has  a m o l a r  mas s  o f  1 6 0  g 

a n d  f o r m u l a  o f  C^^ g N^ Og .  T he  l a s t  m i n o r  p r o d u c t  has n o t  

been i d e n t i f i e d .  The peak  I I g  p r o d u c t s  w h i c h  we r e  i s o l a t e d  

and c h a r a c t e r i z e d  f r o m 7 - m e t h y l u r i c  a c i d  may be r a t i o n a l i z e d  

by a s c h e m e  s h own  i n  F i g .  2 8 .  T h u s , i t  i s  p r o p o s e d  t h a t  t h e  

c a r b o x y l  i c  a c i d  V ( F i g .  2 8 )  a t  pH >^5. 7  d i s s o c i a t e s  t o  f o r m  

t h e  e l e c t r o a c t i v e  a n i o n  X I I  ( F i g .  2 8 ) .  T h e  p r i n c i p a l  p e a k  

I I g  e l e c t r o d e  p r o c e s s  i s  t h e n  a K o l b e - t y p e  r e a c t i o n  l e a d i n g  

t o  t e r t i a r y  a l c o h o l  X I I I  ( F i g .  2 8 ) ,  i . e . ,  l - h y d r o x y - 2 -

m e t h y l - 2 , 4 , 6 , 8 - t e t r a a z a - 3 , 7 - d i o x o - 5 - e n e - b i c y c l o [ 3 . 3 . 0 ]  o c 

t a n e .  I n  o r d e r  t o  r a t i o n a l i z e  t h e  p e a k  11 g p r o d u c t  o f  7 -  

m e t h y l u r i c  a c i d  wh i ch  has an e l e m e n t a l  f o r m u l a  o f  C^HgN^Og 

( m o l a r  ma s s  = 160  g) a c c o r d i n g  t o  mass  s p e c t r o m e t r y  and  

* ' 4 ^ 6 ^ 4 ^ 2  ( m o l a r  mass = 142  g ) a c c o r d i n g  t o  GC/ MS i t  i s  

p r o p o s e d  t h a t  a h y d r a t i o n  r e a c t i o n  o f  X I I I  ( F i g .  28)  o c c u r s  

g i v i n g  X V I  ( F i g .  2 8 ) .  R i n g  o p e n i n g  o f  t h e  l a t t e r  c o mp ou n d
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I I  e l e c t r o c h e m i c a l  o x i d a t i o n  r e a c t i o n s  o f  7 -  
m e t h y l u r i c  a c i d .
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w o u l d  l e a d  t o  t h e  c a r b o x y l  1c a c i d  X V I I  ( F i g .  2 8 )  and  h e n c e  

t h e  c a r b o x y l  a t e  a n i o n  X V I I I  ( a t  pH > 5 . 7 ) .  A s e c o n d  t w o -  

e l e c t r o n - o n e - p r o t o n  Kol be  o x i d a t i o n  woul d  l e a d  t o  t h e  ur ea  

d e r i v a t i v e  XI X wh i c h  w o u l d  r e a d i l y  g i v e  N ' ( l ) - a m i d o - N ( 3 ) - N -  

m e t h y l a m i d o - u r e a  ( XX,  F i g .  2 8 ) .  T h i s  c o mp o u n d  w o u l d  be 

d e h y d r a t e d  t o  g i v e  a s i x - m e m b e r e d  r i n g  compound XXI  d u r i n g  

s i l y l a t i o n  t o  a c c o u n t  f o r  t h e  m o l a r  mass o f  1 4 2  g o b t a i n e d  

f r om GC/ MS.  The  second peak 1 e l e c t r o o x i d a t i o n  p r o d u c t  of  

7 - m e t h y l u r i c  a c i d  has a m o l a r  mass  o f  12 7 g and  f o r m u l a  o f  

C 4 H 5 N3 O2 . R i n g  o p e n i n g  o f  t h e  p u t a t i v e  i n t e r m e d i a t e  X I V  

( F i g .  2 8 )  f o l l o w e d  by h y d r o l y s i s  c ou l d  l e a d  t o  1 - m e t h y l - 2 , 5 -  

d i k e t o - 4 - i m i n o - i m i d a z o l e  ( XV,  F i g .  28) .

The l a s t  peak 11^ e l e c t r o o x i d a t i o n  p r o d u c t  o f  7 - m e t h y l 

u r i c  a c i d  w h i c h  e l u t e d  u nde r  LC peak F a t  t h i s  t i m e  has not  

been i d e n t i f i e d  y e t .  T h e r e f o r e ,  t he  scheme p r o p o s e d  f o r  t he  

e l e c t r o o x i d a t i o n  f o r  peak 1 1^ o f  7 - m e t h y l u r i c  a c i d  must  a t  

t h i s  t i m e  be r e g a r d e d  as t e n t a t i v e .

The p e r o x i d a s e - c a t a l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  

app e a r s  t o  f o l l o w  t he  same c h e m i c a l  p a t h wa y  as t h e  peak Ig  

p l u s  p e a k  11 g e l e c t r o c h e m i c a l  o x i d a t i o n s .  T h u s ,  t h e  same  

U . V . - a b s o r b i n g  i n t e r m e d i a t e ( s )  a r e  f or med i n  b o t h  e l e c t r o 

c h e m i c a l  and e n z y m a t i c  o x i d a t i o n  r e a c t i o n s .  T h e  i n t e r m e 

d i a t e  s p e c i e s  b r e a k  down t o  g i v e  t he  same m a j o r  p r o d u c t ,  4 -  

m e t h y l a l l a n t o i n  ( F i g .  2 8 ) .  H o w e v e r ,  t h e  p e r o x i d a s e - c a t a 

l y z e d  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  on a l a r g e  s c a l e  ga v e  

t wo  a d d i t i o n  p r o d u c t s  w h i c h  a r e  t he  same as t h o s e  o b t a i n e d
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f r o m  e l e c t r o c h e m i c a l  o x i d a t i o n  a t  peak 11^ p o t e n t i a l s .  I t  

may be r e a s o n a b l y  c o n c l u d e d  t h a t  t h e  c h e m i c a l  p a t h w a y s  

f o l l o w e d  i n t he  e n z y m a t i c  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  a r e  

t h e  same as f o r  peak p l u s  peak 1 1  ̂ e l e c t r o c h e m i c a l  o x i d a 

t i o n  p r o c e s s .



CHAPTER 4 

CONCLUSION

7 - m e t h y l u r i c  a c i d  g i v e s  t w o  v o l t a m m e t r y  o x i d a t i o n  peaks  

(Ig a n d  Ilg) a t  a p y r o l y t i c  g r a p h i t e  e l e c t r o d e  i n  l o w  and  

h i g h  p h o s p h a t e  b u f f e r s .  T h e  p e a k  I g  o x i d a t i o n  i s  a t w o -  

e l e c t r o n  r e a c t i o n  f o r m i n g  a v e r y  u n s t a b l e  q u i n o n o i d  c a t i o n  

t h a t  g i v e s  4 - m e t h y l a l l a n t o i n  ( V I I I ,  F i g .  2 7 )  as t h e  p r o d u c t  

a t  pH 3 . 0  -  1 0 . 0 .  At  l ow pH v a l u e s  4 - m e t h y l - 5 - h y d r o x y h y d a n -  

t o i n - 5 - c a r b o x a m i d e  ( X I ,  F i g .  2 7 )  i s  a l s o  o b s e r v e d  as a 

p r o d u c t .  T h e  peak I l g  r e a c t i o n  i s  due t o  K o l b e - t y p e  o x i d a 

t i o n  o f  t h e  a n i o n  1 - c a r b o h y d r o x y - 2 - m e t h y l - 2 , 4 , 6 , 8 - t e t r a a z a -  

3 , 7  -  d i o x  0 - 5  -  e n e - b i c y c 1 0  [ 3 . 3 . 0 ]  o c t a n e  ( X I I ,  F i g .  2 8 ,  an 

u n s t a b l e  p e a k  I g  p r o d u c t ) .  T h e  e x p e c t e d  t e r t i a r y  a l c o h o l  

p r o d u c t  ( X I I I ,  F i g .  2 8 )  o f  t h i s  r e a c t i o n  i s  a p p a r e n t l y  

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

r e a c t i o n s  t o  g i v e  t h r e e  new m i n o r  p r o d u c t s ,  1 - m e t h y l - 2 , 5 -  

d i k e t o - 4 - N - i  mi  n o - i m i d a z o l e ,  N ' ( l ) - a m i d o - N ( 3 ) - N - m e t h y l a m i d o -  

u r ea  w h i c h  w o u l d  be d e h y d r a t e d  t o  a s i x - m e m b e r e d  r i n g  com

po u n d  X X I  ( F i g .  2 8 )  d u r i n g  s i l y l a t i o n  and one  u n i d e n t i f i e d  

c o mpound.

I t  a p p e a r s  t o  be q u i t e  e v i d e n t  f r om t h i s  i n v e s t i g a t i o n

t h a t  t h e  e n z y m a t i c  o x i d a t i o n  o f  7 - m e t h y l u r i c  a c i d  by H2 O2
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c a t a l y z e d  by t y p e  V I I I  p e r o x i d a s e  a n d  t h e  e l e c t r o c h e m i c a l  

o x i d a t i o n  y i e l d s  i n t e r m e d i a t e s  t h a t  a r e  s p e c t r a l l y ,  k i n e t i -  

c a l l y  and a n a l y t i c a l l y  i d e n t i c a l .  T h e s e  i n t e r m e d i a t e s  t h e n  

dec ompo s e  t o  i d e n t i c a l  e n d - p r o d u c t s .  H e n c e ,  i t  seems r e a 

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

t h e  t w o  r e a c t i o n  a r e  e s s e n t i a l l y  i d e n t i c a l .



PART I I I

SPECTROELECTROCHEMICAL SEARCH FOR A TERTI ARY ALCOHOL 

I NTERMEDI ATE I N THE ELECTROCHEMICAL OXI DATI ON  

OF URI C ACID

CHAPTER 1 

I NTRODUCTI ON

T h e  e l e c t r o c h e m i c a l 7 8 , 9 3 - 9  5 , 9 7  , 98 g ^ j  e n z y m a t i c 8 8 > 9 6  

o x i d a t i o n  o f  u r i c  a c i d  has been s t u d i e d  q u i t e  e x t e n s i v e l y  by 

D r y h u r s t  and c o w o r k e r s .  They  have o b s e r v e d  t h e  f o r m a t i o n  of  

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

q u a s i - r e v e r s i b l e  2 e - 2 H *  e l e c t r o o x i d a t i o n  r e a c t i o n .  A s i m 

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

t r o o x i d a t i o n  r e a c t i o n  i n  p h o s p h a t e  c o n t a i n i n g  s u p p o r t i n g  

e l e c t r o l y t e s  i s  p r e s e n t e d  i n  F i g u r e  1 .

F i g u r e  2 shows a s e r i e s  o f  c y c l i c  v o l t a m m o g r a m s  of  u r i c  

a c i d  a t  pH 4 . 5  and 9. 5 i n s u p p o r t i n g  e l e c t r o l y t e s  c o n t a i n i n g  

l o w and h i g h  c o n c e n t r a t i o n s  o f  p h o s p h a t e .  O x i d a t i o n  peak Ig  

i n  F i g .  2 c o r r e s p o n d s  t o  t h e  2 e - 2 H *  o x i d a t i o n  t o  g i v e  t h e  

q u i n o n o i d  i n t e r m e d i a t e  ( I  l a  and I l b ,  F i g .  1 ) .

I n  t h e  pH r a n g e  5 . 0  -  7 . 0 ,  a t  a p y r o l y t i c  g r a p h i t e

189



190

5.75
HN

+  H

( Ib )

Peak 1q 
- 2 H + -2 e ~

HN

( l a )

HjO H jPO ^-
[pH  3 .0  - 5 . 6 ]

( l b )

X

( m)

HNHN

(3Sra)
R =  O H  o r H.

Ring Contraction

C OOH

C OOH — 0O —

HN-

C O O H

OH
O H

H,N

(31)

F i g .  1 A s i m p l i f i e d  r e a c t i o n  scheme p r o po s e d  t o  a c c o u n t  f o r  
t h e  peak  I g e l e c t r o c h e m i c a l  o x i d a t i o n  r e a c t i o n s  o f  uric acid.



OH H
-N. +  2 H + +  2 e -  HN 

O

(a)

HgPOj

HN

( 3 )

+  2 \ r  4 -  2 e -  H N

H H
( 3 1 )

H2 PO4

0
k

^ N ^
H 4

HN

( l a )

O ( b )

(3111)

N - ^ ^ N  +  2 H ^  + 2 e -  /
o = /  / = o     o = \

COOH  
H 

-N

COOH
H 
N

N -" '^ ^ N
H

( H o )

> = °
(c)

-N
H

H

( 3 2 : )

(O



192

20jjA

la"c
Q)k .
u .

O

10pA

1.0 0.0 - 1.0 1.0 0.0 - 1.0

Potential /  Volt vs. SCE
F i g .  2 C y c l i c  v o l t a mm o g r a ms  a t  a p y r o l y t i c  g r a p h i t e  e l e c 

t r o d e  o f  1 m M u r i c  a c i d  a t  ( A)  pH 4 . 5  and (B)  pH 
9 . 5 .  U p p e r  t r a c e s  w e r e  o b t a i n e d  i n  p h o s p h a t e  
b u f f e r s  (u = 0 . 5  M ) ,  l o w  t r a c e s  w e r e  o b t a i n e d  i n  
0 . 5  M NaCl  p l u s  5 mM NaoHPO^ a d j u s t e d  t o  t h e  r e 
q u i r e d  pH w i t h  HCl  or  NaOH.  Sweep r a t e :  200  m V s " \
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e l e c t r o d e  ( P G E ) ,  a q u a s i -  r e v e r s i b l e  r e d u c t i o n  p e a k  1̂ . 

( F i g .  2 )  i s  o b s e r v e d  w h i c h  p r o b a b l y  c o r r e s p o n d s  t o  r e d u c t i o n  

o f  t h e  p u t a t i v e  q u i n o n o i d  b a c k  t o  u r i c  a c i d ^ ® .  A b r o a d  

s e c o n d  r e d u c t i o n  pe a k  11^  ( F i g .  2 )  i s  o b s e r v e d  a t  n e g a t i v e  

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

i s  due t o  e l e c t r o c h e m i c a l  r e d u c t i o n  o f  t h e  t e r t i a r y  a l c o h o l  

i n t e r m e d i a t e  ( I I I  o r  V I  I b ,  R = OH,  F i g .  1 ) ^ ®  o r  p o s s i b l y  t o  

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

i n t e r m e d i a t e  ( I V a  or  I V b ,  F i g .  1 ) ^^ .

H e n c e ,  d e t a i l e d  i n f o r m a t i o n  c o n c e r n i n g  b o t h  t h e  e l e c 

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

r e s p o n s i b l e  f o r  pe a k  I ^  and  1 1  ̂ a r e  r e q u i r e d  t o  j u s t i f y  

o x i d a t i o n  f o r m a t i o n  o f  p u t a t i v e  t e r t i a r y  a l c o h o l  ( I I I ,  V i l a ,  

V I I b ,  F i g .  1 )  o r  b i c y c l i c  c a r b o x y l i c  a c i d  i n t e r m e d i a t e s  

( V i a ,  V I b ,  F i g .  1 ) .

T h u s ,  a s t u d y  was c a r r i e d  o u t  t o  p r o v i d e  e v i d e n c e  t o  

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

i n g  t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  u r i c  a c i d  by u s i n g  

t h i n - l a y e r  s p e c t r o e l e c t r o c h e m i s t r y  t e c h n i q u e s .



CHAPTER 2 

EXPERIMENTAL

2 ^  ^  CHEMICALS

U r i c  a c i d  was o b t a i n e d  f r o m  C a l b i o c h e m - B e h r i n g  ( La  

J o l l a ,  CA) and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  P h o s p h a t e  

b u f f e r s  had an i o n i c  s t r e n g t h  o f  0 . 5  M^®.  O t h e r  s u p p o r t i n g  

e l e c t r o l y t e s  w e r e  p r e p a r e d  f r o m  0 . 5  M̂ N a C l  p l u s  5 mM p h o s 

p h a t e  and t h e  pH was  a d j u s t e d  by a d d i n g  d i l u t e  HCl  o r  NaOH.  

O t h e r  c h e m i c a l s  h a v e  b e e n  d e s c r i b e d  i n  CHAPTERS 2 ( PART I  

a n d  I I ) .

2 ^  ^  APPARATUS

E q u i p me n t  used f o r  e l e c t r o c h e m i c a l  and t h i n - l a y e r  s p e c 

t r o e l  e c t r o c h e m i c a l  s t u d i e s  have been d e s c r i b e d  i n CHAPTER 2 

( PART I ) .

2 ^  C_̂  PROCEDURES

A l l  o f  t h e  p r o c e d u r e s  have  been d e s c r i b e d  i n  CHAPTERS 2 

( PART I  and I I ) .
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CHAPTER 3 

RESULTS AND DISCUSSION

As n o t e d  i n  t h e  I n t r o d u c t i o n ,  p e a k  I I ^  o b s e r v e d  on 

c y c l i c  v o l t a m m e t r y  o f  u r i c  a c i d  c o u l d  be due t o  e l e c t r o c h e 

m i c a l  r e d u c t i o n  o f  t h e  p u t a t i v e  t e r t i a r y - a l c o h o l  ( X ,  Eqn.  

l a )  o r  i t s  p h o s p h o r y 1a t e d  a n a l o g  ( X I ,  Eqn.  l b )  o r  t h e  b 1-  

c y c l i c  c a r b o x y l i c  a c i d  ( I V ^ ,  Eqn.  I c ) .  H o w e v e r ,  i n  t h e  case  

o f  c o m p o u n d s  X and XI  ( E q n s .  l a  and l b )  an o v e r a l l  2 e - 2 H *  

r e d u c t i o n  o f  t h e  C = N-  d o u b l e  bond mus t  l e a d  t o  t h e  d i  h y d r o  

c o mp o u n d s  X I I  and X I I I  ( E q n s .  l a  and l b ) ,  r e s p e c t i v e l y .  

Compound X I I  ( E q n .  l a )  w o u l d  be e x p e c t e d  t o  d e h y d r a t e  v e r y  

r e a d i l y  a n d  c ompound X I I I  ( E q n .  l b )  t o  d e p h o s p h o r y l a t e  

g i v i n g  u r i c  a c i d  ( I g ,  Eqn.  1 ) ^®^ .  The r e d u c t i o n  o f  I Vg mi g h t  

r e a s o n a b l y  be e x p e c t e d  t o  y i e l d  compound XI V.  The c h e m i c a l  

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

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

a c i d  ( I g ,  E q n .  1 ) .  T h u s ,  i t  may be c o n c l u d e d  t h a t  i f  e l e c 

t r o c h e m i c a l  r e d u c t i o n  o f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e ,  

g e n e r a t e d  by e l e c t r o c h e m i c a l  o x i d a t i o n  o f  u r i c  a c i d ,  a t  peak 

1 1  p o t e n t i a l s  l e a d s  t o  t h e  r e a p p e a r a n c e  o f  u r i c  a c i d  t h e n  

t h e  t e r t i a r y - a l c o h o l  i n t e r m e d i a t e s  in t h e  o v e r a l l  e l e c t r o 

o x i d a t i o n  p r o c e s s  i s  p r o v e d .
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3.  A. SPECTROELECTROCHEMICAL STUDI ES IN LOW CONCENTRA

TI ONS OF PHOSPHATE BUFFER.

S p e c t r o e l e c t r o c h e m i c a l  s t u d i e s  o f  t h e  e l e c t r o o x i d a t i o n  

o f  u r i c  a c i d  a t  p e a k  I p o t e n t i a l s  f o l l o w e d  by i m m e d i a t e  

r e d u c t i o n  a t  peak 1 1  ̂ w e r e  c a r r i e d  o u t  i n  a t h i n - l a y e r  c e l l  

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

p o r t i n g  e l e c t r o l y t e s  c o n t a i n i n g  0. 5 ^  NaCl  p l u s  5 mM Na2 HP0 4  

a d j u s t e d  t o  pH v a l u e s  b e t w e e n  pH 3 . 0  and 9 . 5 .  T h e  b e h a v i o r  

n o t e d  i n  a s o l u t i o n  i n i t i a l l y  a t  pH 4 . 6  i n  F i g .  3 i s  t y p i c a l  

o f  t h a t  o b s e r v e d  f o r  s o l u t i o n s  i n i t i a l l y  b e t w e e n  pH 3 . 0  -

6 . 0 .  C u r v e  1 i n  F i g .  3A i s  t h e  i n i t i a l  s p e c t r u m  o f  u r i c  

a c i d  a t  pH 4. 6  ( ^  = 2 8 3 ,  229 and 200 nm) .  I n i t i a t i o n  o f

t h e  peak I ^  e l e c t r o o x i d a t i o n  a t  0 . 8  V c a u s e s  t h e  band a t  283  

nm t o  d e c r e a s e  and s l i g h t l y  s h i f t  t o  s h o r t e r  w a v e l e n g t h  

w h i l e  a new band g r o w s  i n  a t  222  nm ( c u r v e s  2 - 7 ,  F i g .  3 A ) .  

I f ,  a f t e r  s c a n n i n g  c u r v e  7 i n  F i g .  3A t h e  RVC e l e c t r o d e  was  

o p e n - c i r c u i t e d  and t h e  s p e c t r a  s h o wn  i n  F i g .  38  w e r e  r e 

c o r d e d .  C u r v e  25  i n  F i g .  38  i s  t h e  s p e c t r u m  due  t o  some  

r e s i d u a l  u r i c  a c i d  a n d  t o  t h e  f i n a l  p r o d u c t .  H o w e v e r ,  i f  

t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  was f i r s t  e l e c t r o g e n e r a t e d  

and t h e n  t h e  RVC e l e c t r o d e  was p o t e n t i o s t a t e d  a t  - 1 . 4  V t h e  

s p e c t r o c h e m i c a l  b e h a v i o r  n o t e d  i n  F i g .  3C was o b s e r v e d .  

T h u s ,  e l e c t r o r e d u c t i o n  o f  t h e  i n t e r m e d i a t e  ( c u r v e  8 , F i g .  

30 )  c a u s e s  t h e  l ong  w a v e l e n g t h  t o gr ow and t o  s h i f t  s l i g h t l y  

t o  l o n g e r  w a v e l e n g t h  w h i l e  t h e  s h o r t e r  w a v e l e n g t h  band d e 

c r e a s e s .  A f t e r  8  mi n t h e  s p e c t r u m o b s e r v e d  i s  i d e n t i c a l  t o
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F i g .  3 ( A)  S p e c t r a  o f  1 m M u r i c  a c i d  i n  0 . 5  M N a C l  p l u s  5 mM NagHPOg  
a d j u s t e d  t o  pH 4 . 6  w i t h  HCl  u n d e r g o i n g  e l e c t r o o x i d a t i o n  a t  
0 . 8  V i n  a t h i n - l a y e r  c e l l  c o n t a i n i n g  a RVC e l e c t r o d e .  Cur v e  
1 i s  t h e  i n i t i a l  s p e c t r u m ,  c u r v e s  2 - 7  a f t e r  i n i t i a t i o n  o f  t h e  
e l e c t r o l y s i s .  Each s p e c t r a l  sweep had a d u r a t i o n  o f  10s.  (B)  
A f t e r  s c a n n i n g  c u r v e  7 i n  ( A)  t h e  RVC e l e c t r o d e  was  o p e n -  
c i r c u i t e d  a n d  c u r v e s  8 - 2 5  r e c o r d e d .  Ea c h  s w e e p  had  a d u r a 
t i o n  o f  20  s.  ( C)  A f t e r  s w e e p i n g  c u r v e  7 i n  ( A)  t h e  RVC 
e l e c t r o d e  was  p o t e n t  i n s t a t e d  a t  - 1 . 4  V and  c u r v e s  8 - 1 8  r e 
c o r d e d .  S p e c t r a  w e r e  r e c o r d e d  a t  t h e  f o l l o w i n g  
t i m e s :  ( 9 )  5 ,  ( 1 0 )  1 0 ,  ( 1 1 )  1 5 ,  ( 1 2 )  2 0 ,  ( 1 3 )  2 5 ,  ( 1 4 )  7 5 ,
( 15 ) 12 5 ,  ( 1 6  ) 22 5 ,  ( 17 ) 4 2 5  and ( 1 8 )  4 9 5 s .
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t h a t  o f  u r i c  a c i d  { c u r v e  1 8 ,  F i g ,  3 C) .

T h e  s p e c t r o e l  e c t r o c h e m i  c a l  b e h a v i o r  a t  pH _> 7 . 0  i s  

i l l u s t r a t e d  i n F i g .  4 w i t h  e x p e r i m e n t s  c o n d u c t e d  a t  pH 7. 5.  

C u r v e  1 i n  F i g .  4 i s  t h e  i n i t i a l  s p e c t r u m  o f  u r i c  a c i d  

( X ^ a x  2 8 7 '  2 3 0  and 2 0 6  n m) .  A p p l i c a t i o n  o f  a p o t e n t i a l  t o  

t h e  RVC e l e c t r o d e  o f  0 . 8V c a u s e s  t h e  l o n g  w a v e l e n g t h  band t o  

d e c r e a s e  w h i l e  a new band gr ows  i n a t  s h o r t  w a v e l e n g t h s  ( c a . 

2 2 1  nm)  and t h e  a b s o r b a n c e  b e t w e e n  a b o u t  3 5 2 - 3 0 2  nm a l s o  

i n c r e a s e s .  A f t e r  a b o u t  8 0 s  e l e c t r o l y s i s  c u r v e  7 ( F i g .  4A)  

may be o b s e r v e d  wh i c h  i s  t h e  s p e c t r u m o f  i n t e r m e d i a t e  s p e 

c i e s  ( X = 2 9 7  and 2 2 1  n m) .  I f ,  a f t e r  s w e e p i n g  c u r v e  7 

i n  F i g .  4 A t h e  RVC e l e c t r o d e  wa s  o p e n - c i r c u i t e d ,  t h e  s p e c 

t r u m  o f  t h e  i n t e r m e d i a t e  s p e c i e s  d e c r e a s e d  ( c u r v e s  8 - 1 8 ,  

F i g .  4 8 ) .  C u r v e  18 i n  F i g .  4 8  i s  t h e  s p e c t r u m  due t o  some  

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

e v e r ,  i f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  was f i r s t  e l e c t r o 

g e n e r a t e d  and t h e n  t h e  RVC was p o t e n t  i n s t a t e d  a t  - 1 . 4 V  t h e  

s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  n o t e d  i n  F i g .  4C was o b 

s e r v e d .  Thu s ,  e l e c t r o r e d u c t i o n  of  t h e  i n t e r m e d i a t e  ( c u r v e  

8 , F i g .  4 C ,  X  = 2 9 7  and 2 2 1  nm) c a u s e s  t h e  l o n g  w a v e 

l e n g t h  band t o  g r o w  and t o  s h i f t  t o  s h o r t e r  w a v e l e n g t h s  

w h i l e  t h e  s h o r t  w a v e l e n g t h  b a n d  d e c r e a s e s .  A f t e r  a b o u t  6  

m i n  ( c u r v e  1 6 ,  F i g .  4 C ) t h e  s p e c t r u m  o b s e r v e d  i s  i d e n t i c a l  

t o  t h a t  o f  u r i c  a c i d .

The  s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  o f  u r i c  a c i d  a t  pH 

9. 5 i s  shown i n F i g .  5.  F i g u r e  5A shows t h a t  upon e l e c t r o l y -
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F i g .  4.  (A)  S p e c t r a  o f  1 nM u r i c  a c i d  u n d e r g o i n g  e l e c t r o o x i d a t i o n  a t
0 . 8  V a t  a RVC e l e c t r o d e  i n  a t h i n - l a y e r  c e l l  i n  0 . 5  M NaCl  
p l u s  5 mM N a 2 HP 0 a a d j u s t e d  t o  pH 7 . 5  w i t h  NaOH.  C u r v e  1 i s  
t h e  i n i t i a l  s p e c t r u m ,  c u r v e s  2 - 7  a f t e r  i n i t i a t i o n  o f  t h e  
e l e c t r o l y s i s .  Ea c h  s p e c t r a l  s w e e p  had  a d u r a t i o n  o f  10 s.  
(B)  A f t e r  s w e e p i n g  c u r v e  7 i n  (A)  t h e  RVC e l e c t r o d e  was o p e n -  
c i r c u i t e d  a nd  c u r v e s  8 - 1 8  r e c o r d e d ,  e a c h  s w e e p  h a v i n g  a 
d u r a t i o n  o f  40  s.  ( C)  A f t e r  s w e e p i n g  c u r v e  7 i n  ( A)  t h e  RVC 
e l e c t r o d e  was p o t e n t i o s t a  t e d  a t  - 1 . 4  V.  S p e c t r a  w e r e  r e c o r d e d  
a t  t h e  f o l l o w i n g  t i m e s :  ( 8 ) 5 ,  ( 9 )  1 0 ,  ( 1 0 )  1 5 ,  ( 1 1 )  2 0 ,  ( 1 2 )  
3 0 ,  ( 1 3 )  8 0 ,  ( 1 4  ) 1 8 0 ,  (1 5)  2 8 0  and ( 1 6 )  4 0 5  s.

(DiO
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F i g .  5. (A)  S p e c t r a  o f  1 nM u r i c  a c i d  u n d e r g o i n g  e l e c t r o o x i d a t i o n  a t  

0 . 8  V a t  a RVC e l e c t r o d e  i n  a t h i n - l a y e r  c e l l  i n  0 . 5  M Na Cl  
p l u s  5 mM NagHPO^^ a d j u s t e d  t o  pH 9 . 5  w i t h  NaOH.  C u r v e  1 i s  
t h e  i n i t i a l  s p e c t r u m ,  c u r v e s  2 - 8  a f t e r  i n i t i a t i o n  o f  t h e  
e l e c t r o l y s i s .  E a c h  s p e c t r a l  s w e e p  had  a d u r a t i o n  o f  10 s.  
(B) A f t e r  s w e e p i n g  c u r v e  8  i n (A)  t h e  RVC e l e c t r o d e  was o p e n -  
c i r c u i t e d  and  c u r v e s  9 - 2 1  r e c o r d e d ,  e a c h  s w e e p  h a v i n g  a 
d u r a t i o n  o f  60  s.  ( C)  A f t e r  s w e e p i n g  c u r v e  8  i n  ( A)  t h e  RVC 
e l e c t r o d e  was p o t e n t i o s t a t e d  a t  - 1 . 4  V. S p e c t r a  w e r e  r e c o r d e d  
a t  t h e  f o l l o w i n g  t i m e s :  ( 9 )  1 0 ,  ( 1 0 )  2 0 ,  ( 1 1 )  3 0 ,  ( 1 2 )  4 0 ,
( 1 3 )  1 6 0 ,  ( 1 4 )  2 9 0  s.
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s i s  t h e  l o n g  w a v e l e n g t h  b a n d  o f  u r i c  a c i d  d e c r e a s e s  and  

s h i f t s  t o  l o n g e r  w a v e l e n g t h s  wh e r e a s  t h e  s h o r t e r  w a v e l e n g t h  

bands me r g e  t o  g i v e  a new band a t  221 nm. The o p e n - c r i c j i t  

dec ay  o f  t h e  e l e c t r o g e n e r a t e d  i n t e r m e d i a t e  i s  shown b e t we e n  

c u r v e s  9 - 2 1  i n  F i g .  58.  I f  t h e  RVC e l e c t r o d e  was p o t e n t i o 

s t a t e d  a t  - 1 . 4  V ( F i g .  5 0 )  t h e n  a s m a l l  b u t  s i g n i f i c a n t

a m o u n t  o f  u r i c  a c i d  c o u l d  be  f o r m e d  as e v i d e n c e d  by c u r v e  14 

i n  F i g .  50.  Thus ,  i t  i n d i c a t e s  t h a t  a t  t h i s  pH t h e  t e r t i a r y

a l c o h o l  i n t e r m e d i a t e  i s  l e s s  s t a b l e  t h a n  a t  pH 7 . 0  ( F i g s .  40

and 5 0 ) .

3.  B. SPEOTROELECTROCHEMIOAL STUDI ES I N HI GH OONOENTRA-

TI ONS £ F  PHOSPHATE BUFFER

T h e  s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  o f  u r i c  a c i d  i n  

p h o s p h a t e  b u f f e r s  ( u = 0 . 5  ]4) b e t w e e n  pH 3 - 6  may be i l l u 

s t r a t e d  by t h e  r e s u l t s  s h o w n  i n  F i g .  6  o b t a i n e d  a t  pH 4 . 3 .

C u r v e  1 i n  F i g .  6 A i s  t h e  i n i t i a l  s p e c t r u m  o f  u r i c  a c i d

( X j j ^ a x  “ 2 8 2 ,  231  and 1 9 5  n m) .  E l e c t r o o x i d a t i o n  a t  0 . 8 V  

c a u s e s  t h e  l o n g  w a v e l e n g t h  b a n d  t o  d e c r e a s e  and  t h e  s h o r t  

w a v e l e n g t h  band t o  s h i f t  t o  s h o r t e r  w a v e l e n g t h s  and t o  gr ow.  

A f t e r  s c a n n i n g  c u r v e  6  i n  F i g .  6 A t h e  RVC e l e c t r o d e  was  

o p e n - c i r c u i t e d  and t h e  s p e c t r a l  b e h a v i o r  s h o w n  i n  F i g .  6 8  

was r e c o r d e d .  The a b s o r b a n c e  b e t we e n  3 4 0 - 1 9 0  nm s y s t e m a t i 

c a l l y  d e c r e a s e s  ( c u r v e s  7 - 2 0 ,  F i g .  6 8 ) .  E l e c t r o g e n e r a t i o n  

o f  t h e  U . V .  a b s o r b i n g  i n t e r m e d i a t e  s p e c i e s  f o l l o w e d  by r e 

d u c t i o n  a t  - 1 . 4  V g a v e  t h e  r e s u l t s  s h own  i n  F i g .  60 .  T h u s ,

e l e c t r o r e d u c t i o n  o f  t h e  i n t e r m e d i a t e  c a use s  t h e  s h o r t  w a v e -
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F i g .  6 . (A)  S p e c t r a  o f  1 mM u r i c  a c i d  u n d e r g o i n g  e l e c t r o o x i d a t i o n  a t  
0 . 8  V a t  a RVC e l e c t r o d e  i n  a t h i n - l a y e r  c e l l  i n  p h o s p h a t e  
b u f f e r  (u = 0 . 5  M) pH 4 . 3 .  C u r v e  1 i s  t h e  i n i t i a l  s p e c t r u m ,  
c u r v e s  2 - 6  a f t e r  i n i t i a t i o n  o f  t h e  e l e c t r o l y s i s .  Each s p e c 
t r a l  s w e e p  had  a d u r a t i o n  o f  5 s.  ( B)  A f t e r  s w e e p i n g  c u r v e  6  

i n  ( A)  t h e  RVC e l e c t r o d e  was  o p e n - c i r c u i t e d  a nd  c u r v e s  7 - 2 0  
r e c o r d e d ,  e a c h  s w e e p  h a v i n g  a d u r a t i o n  o f  2 0  s.  ( C)  A f t e r  
s w e e p i n g  c u r v e  6  i n (A)  t h e  RVC e l e c t r o d e  was p o t e n t i o s t a t e d  
a t  - 1 . 4  V and c u r v e s  7 - 1 2  r e c o r d e d .  Each sweep had a d u r a t i o n  
o f  20 s.  Cu r v e  15 was r e c o r d e d  a f t e r  6  mi n .

lOo
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l e n g t h  b a n d  t o  d e c r e a s e  and t o  s p l i t  i n t o  t w o  b a n d s  w h i l e  

t h e  l o n g e r  w a v e l e n g t h  d e c r e a s e s  f o r  a b o u t  80  s ( c u r v e  1 2 , 

F i g .  6 C) t h e n  i t  i n c r e a s e s .  A f t e r  5 mi n  ( c u r v e  1 5 ,  F i g .  6 C) 

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

The s p e c t r o e l e c t r o c h e m i c a l  b e h a v i o r  o f  u r i c  a c i d  a t  pH 

2  7 . 0  i s  i l l u s t r a t e d  i n  F i g .  7.  T h e  r e s u l t  i s  o b t a i n e d  a t  pH

9 . 0 .  C u r v e  1 i n  F i g .  7 A i s  t h e  i n i t i a l  s p e c t r u m  o f  u r i c  

a c i d  ( ^ 0 , a x  “ 2 8 9 , 2 3 1  and  2 0 6  n m) .  Upon e l e c t r o l y s i s  t h e  

l o n g  w a v e l e n g t h  band o f  u r i c  a c i d  ( ^ ^ ^ ^  = 2 8 9  nm)  d e c r e a s e s  

and s h i f t s  t o  l o n g e r  w a v e l e n g t h s  w h e r e a s  t h e  s h o r t  w a v e 

l e n g t h  b a n d s  ( ^ ^ l a x  “ 2  31 and 2 0 6  nm)  me r g e  t o  g i v e  a new 

band a t  2 2 3  nm ( c u r v e s  2 - 1 0 ,  F i g .  7 A) .  I f ,  a f t e r  s c a n n i n g  

cur ve  10 i n  F i g .  6 A t he  RCV e l e c t r o d e  was o p e n - c i r c u i t e d  and 

t h e  s p e c t r a  s h o wn  i n  F i g .  78  w e r e  r e c o r d e d .  C u r v e  26  i n  

F i g .  7 8  i s  t h e  s p e c t r u m  due  t o  some r e s i d u a l  u r i c  a c i d  and  

t o  t h e  f i n a l  p r o d u c t s .  H o w e v e r ,  i f  t h e  U . V . - a b s o r b i n g  i n 

t e r m e d i a t e  was f i r s t  e l e c t r o g e n e r a t e d  and t h e n  t h e  RVC e l e c 

t r o d e  was p o t e n t  i n s t a t e d  a t  - 1 . 4  V t he  s p e c t r o c h e m i c a l  b e h a 

v i o r  n o t e d  i n  F i g .  7 C was  o b s e r v e d .  T h u s ,  t h e  a b s o r b a n c e  

b e t w e e n  3 5 2 - 1 9 0  nm d e c a y e d  w i t h  t i m e  b u t  no u r i c  a c i d  was  

r e g e n e r a t e d .  I t  i n d i c a t e s  t h a t  a t  h i g h  pH t h e  t e r t i a r y  

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

_3^ ^  DI SCUSSI ON

T h e  s p e c t r o e l e c t r o c h e m i c a l  r e s u l t s  o b t a i n e d  i n  0 . 5 ^  

NaCl  p l u s  5 mM p h o s p h a t e  ( F i g s .  3 and 4)  r e v e a l ,  a t  pH
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F i g . 7.  ( A)  S p e c t r a  o f  1 nM u r i c  a c i d  u n d e r g o i n g  e l e c t r o o x i d a t i o n  a t  
0 . 8  V a t  a RVC e l e c t r o d e  i n  a t h i n - l a y e r  c e l l  i n  p h o s p h a t e  
b u f f e r  (u = 0 . 5  M) pH 9 . 0 .  C u r v e  1 i s  t h e  i n i t i a l  s p e c t r u m ,  
c u r v e s  2 - 1 0  a f t e r  i n i t i a t i o n  o f  t h e  e l e c t r o l y s i s .  Each s p e c 
t r a l  s w e e p  had  a d u r a t i o n  o f  10 s.  ( B)  A f t e r  s w e e p i n g  c u r v e  
11 i n  (A)  t h e  RVC e l e c t r o d e  was o p e n - c i r c u i t e d  and c u r v e s  1 1 -  
2 6  r e c o r d e d ,  e a c h  s w e e p  h a v i n g  a d u r a t i o n  o f  20  s.  ( C)  A f t e r  
s w e e p i n g  c u r v e  10 i n  (A)  t h e  RVC e l e c t r o d e  was p o t e n t i o s t a t e d  
a t  - 1 . 4  V and c u r v e s  1 1 - 2 8  r e c o r d e d .  E a c h  s w e e p  had a d u r a 
t i o n  o f  30  s.
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v a l u e s  b o t h  b e l o w  and a b o v e  t h e  pKg o f  u r i c  a c i d  ( 5 . 7 5 ) ^ ® ® ,  

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

c i e s  a t  t h e  RVC e l e c t r o d e  a t  p o t e n t i a l s  c l o s e  t o  o r  mo r e  

n e g a t i v e  t h a n  c y c l i c  v o l t a m m e t r i c  peak 1 ( F i g .  2 )  r e s u l t s  

i n  t h e  a p p e a r a n c e  o f  an U.V.  s p e c t r u m c h a r a c t e r i s t i c  o f  u r i c  

a c i d .  A t  l o w  pH mo r e  u r i c  a c i d  i s  r e g e n e r a t e d  by e l e c t r o 

c h e m i c a l  r e d u c t i o n  o f  t h e  e l e c t r o g e n e r a t e d  i n t e r m e d i a t e  

( F i g s .  4C and 5 0 )  i n d i c a t e s  t h a t  t h e  t e r t i a r y  a l c o h o l  i s

s t a b l e  a t  l o w  pH.  I t  s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  t h e

c y c l i c  v o l t a m m o g r a m s  shown i n  F i g .  2 w e r e  o b t a i n e d  a t  a PGE 

w h e r e a s  e l e c t r o l y s i s  i n  a t h i n - l a y e r  c e l l  w e r e  c a r r i e d  out  

a t  t h e  RVC e l e c t r o d e .  E l e c t r o l y s i s  i n  a t h i n - l a y e r  c e l l  i s

a l w a y s  s u b j e c t  t o some I R d r o p  hence t h e  a c t u a l  p o t e n t i a l  on

t h e  RVC e l e c t r o d e  i s  p r o b a b l y  l e s s  t h a n  t h e  a p p l i e d  p o t e n 

t i a l .  The  r e g e n e r a t i o n  o f  u r i c  a c i d  f o l l o w i n g  e l e c t r o c h e m i 

c a l  r e d u c t i o n  o f  t h e  U.V.  a b s o r b i n g  i n t e r m e d i a t e ( s )  a t  peak  

I I g  p o t e n t i a l  was d e m o n s t r a t e d  by c o mp a r i n g  t h e  GC-MS b e h a 

v i o r  o f  t h e  s i l y l a t e d  p r o d u c t  f o r m e d  upon o p e n - c i r c u i t e d  

d e c a y  o f  t h e  i n t e r m e d i a t e  w i t h  t h a t  f o r m e d  a f t e r  r e d u c t i o n  

a t  peak  11^ p o t e n t i a l s .  Open c i r c u i t e d  d e c a y  o f  t h e  i n t e r 

m e d i a t e  g e n e r a t e d  a t  pH 7 . 0  and 9 . 5  g a v e  GC- MS b e h a v i o r  

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

d i a t e  s o l u t i o n ,  h o w e v e r ,  g a v e  a s m a l l e r  a mo u n t  o f  a l l a n t o i n  

and  a v e r y  l a r g e  a m o u n t  o f  u r i c  a c i d .  T h u s ,  i t  i s  r e a s o n 

a b l e  t o  c o n c l u d e  t h a t  r e d u c t i o n  o f  t h e  U.V.  a b s o r b i n g  i n t e r 

m e d i a t e  s p e c i e s  g e n e r a t e d  upon e l e c t r o o x i d a t i o n  o f  u r i c  a c i d  

b e t w e e n  pH 3 . 0 - 9 . 0  a t  p o t e n t i a l s  c l o s e  t o  peak  11^ does l e a d
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t o  s i g n i f i c a n t  r e g e n e r a t i o n  o f  u r i c  a c i d .  T h i s  c l e a r l y  

s u p p o r t s  t h e  v i e w  t h a t  c y c l i c  v o l t a m m e t r i c  pe ak  1 i s  due 

t o  e l e c t r o c h e m i c a l  r e d u c t i o n  o f  t h e  t e r t i a r y - a l c o h o l  ( X,  

Eqn.  l a )  t o  g i v e  t h e  d i h y d r o  c o mp o u n d  ( X I I ,  E q n .  l a )  w h i c h  

d e h y d r a t e s  t o  g i v e  u r i c  a c i d  (Ig, Eqn.  l a) .

I n  p h o s p h a t e  b u f f e r s  a t  pH < pKg o f  u r i c  a c i d  e l e c t r o 

o x i d a t i o n  o f  t h e  l a t t e r  c o m p o u n d  y i e l d s  an U . V .  a b s o r b i n g  

i n t e r m e d i a t e  w h i c h  may r e d u c e d  a t  p e a k  1 1  ̂ p o t e n t i a l s  t o  

r e g e n e r a t e  a s i g n i f i c a n t  q u a n t i t y  o f  u r i c  a c i d  ( F i g .  6 C) .  

H o w e v e r ,  a t  pH > pKg,  no u r i c  a c i d  i s  f o r m e d  upon r e d u c t i o n  

o f  i n t e r m e d i a t e  s p e c i e s  ( F i g .  7C) .  T h i s  i n d i c a t e s  t h a t  t h e  

t e r t i a r y  a l c o h o l  i n t e r m e d i a t e  i s  t o o  r e a c t i v e  i n  h i gh  c o n 

c e n t r a t i o n  o f  p h o s p h a t e  t o  be d e t e c t e d .  H o w e v e r ,  i n  h i g h  

c o n c e n t r a t i o n  o f  p h o s p h a t e  , p a r t i c u l a r l y  a t  pH > pKg r e d u c 

t i o n  o f  t h e  e l e c t r o g e n e r a t e d  U . V . - a b s o r b i n g  i n t e r m e d i a t e  

s p e c i e s  a t  - 1 . 4  V s t i l l  c a u s e s  t h e  i n t e r m e d i a t e  s p e c i e s  t o  

decay  mor e  r a p i d l y  t h a n  a t  o p e n - c i r c u i t e d .  S i n c e  e l e c t r o c h e 

m i c a l  r e d u c t i o n  o f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e  s p e c i e s  

a t  -  1 . 4  V does not  r e s u l t  i n  f o r m a t i o n  o f  u r i c  a c i d  i t  must  

be c o n c l u d e d  t h a t  mor e t h a n  one U . V . - a b s o r b i n g  and r e d u c i b l e  

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

The mor e  r e a d i l y  r e d u c i b l e  s p e c i e s  a p p a r e n t l y  does not  g i v e  

r i s e  t o  u r i c  a c i d  w h e r e a s  t h e  s p e c i e s  r e d u c e d  a t  mor e  p o t e n 

t i a l s  does g i v e  u r i c  a c i d .  P r e v i o u s  k i n e t i c  s t u d i e s ^ ^  have  

i m p l i c a t e d  t e r t i a r y - a l c o h o l  ( X )  and BCA (IVg) as b e i n g  

i n t e r m e d i a t e .  H o we v e r ,  BCA and i t s  p r e c u s o r  t e r t i a r y - a l c o -
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h 0 1  h a v e  e x a c t l y  t h e  s a me  m o l e c u l a r  w e i g h t ,  m o l e c u l a r  

f o r m u l a  and posses s  f o u r  s l l y l a t a b l e  p o s i t i o n s .  T h u s ,  i t  i s  

p o s s i b l e  t h a t  a m i x t u r e  o f  t e r t i a r y - a l c o h o l  and  BCA a r e  i n  

f a c t  d e t e c t e d  and t r a p p e d .  T h e s e  w o u l d  be e x p e c t e d  t o  

e x h i b i t  v e r y  s i m i l a r  U . V - V i s i b l e  and mass s p e c t r a .  I t  may 

be c o n c l u d e d ,  t h e r e f o r e ,  t h a t  t h e  t e r t i a r y - a l c o h o l  (X,  Eqn.  

l a )  i s  t h e  i n t e r m e d i a t e  r e d u c e d  a t  more n e g a t i v e  p o t e n t i a l  

and  BCA ( I V g ,  Eqn.  1 c ) t h e  s p e c i e s  r e d u c e d  a t  m o r e  p o s i t i v e  

p o t e n t i a l .



CHAPTER 4 

CONCLUSION

T h i n - l a y e r  s p e c t r o e l e c t r o c h e m i c a l  s t u d i e s  o f  t he  e l e c 

t r o c h e m i c a l  o x i d a t i o n  o f  u r i c  a c i d  b e t w e e n  pH 3 . 0 - 9 . 0  

c l e a r l y  r e v e a l  t h a t  t h e  2 e - 2 H *  o x i d a t i o n  r e a c t i o n  r e s u l t s  i n  

f o r m a t i o n  o f  U . V . - a b s o r b i n g  i n t e r m e d i a t e  s p e c i e s .  I n  l o w  

p h o s p h a t e  b u f f e r  a t  a l l  pH' s  s t u d i e d  t h e  U . V . - a b s o r b i n g  

i n t e r m e d i a t e  s p e c i e s  may be p a r t i a l l y  e l e c t r o c h e m i c a l l y  

r e d u c e d  t o  r e g e n e r a t e  u r i c  a c i d .  The a mo u n t  o f  r e g e n e r a t e d  

u r i c  a c i d  i s  mo r e  a t  l o w  pH ( F i g s .  4 and 5 ) .  H o w e v e r ,  i n

h i g h  p h o s p h a t e  b u f f e r  o n l y  a t  pH < pKg o f  u r i c  a c i d  t h e

r e g e n e r a t i o n  o f  u r i c  a c i d  by e l e c t r o c h e m i c a l  r e d u c t i o n  o f  

U . V . - a b s o r b i n g  i n t e r m e d i a t e s  i s  o b s e r v e d .  T h i s  b e h a v i o r  

p r o v i d e s  some c o m p e l l i n g  e v i d e n c e  t h a t  a t e r t i a r y  a l c o h o l  

( X ,  E q n .  l a )  i s  one  o f  t h e  U . V . - a b s o r b i n g  i n t e r m e d i a t e s .  I t  

a l s o  i n d i c a t e s  t h a t  t h e  t e r t i a r y  a l c o h o l  ( X ,  Eqn.  l a )  i s

mo r e  s t a b l e  i n  l o w  p h o s p h a t e  b u f f e r  and  a t  l o w  pH.  I t  i s

n e c e s s a r y  t o  r e d u c e  t h e  U . V . - a b s o r b i n g  i n t e r m e  a : e a t  peak  

I I j .  p o t e n t i a l  t o  o b s e r v e  t h e  r e g e n e r a t i o n  o f  u r i c  a c i d .  

T h u s ,  i t  i n d i c a t e s  t h a t  r e d u c t i o n  p e a k  1 1 ^  i s  due t o  t h e  

t e r t i a r y  a l c o h o l  i n t e r m e d i a t e  ( X ,  Eqn .  l a ) .  I t  may be 

t e n t a t i v e l y  c o n c l u d e d  t h a t  t h e  b i c y c l i c  c a r b o x y l i c  a c i d  I Vg

208
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( E q n .  l a )  i s  one  o f  t h e  o t h e r  e l e c t r o c h e m i c a l l y  r e d u c i b l e  

U . V . - a b s o r b i n g  i n t e r m e d i a t e s .



CHAPTER 5 

REFERENCES

1.  W. A.  R e m e r s ,  i n  I n d o l e s , W. J .  H o u l i l i a n  ( e d . ) .  P a r t
I ,  W i l e y - I n t e r s c i e n c e ,  New Y o r k ,  1 9 7 2 ,  pp.  1 - 2 2 6 .

2 .  W. C.  R o s e ,  P h y s i o l .  R e v . ,  1 8 ,  1 0 9  ( 1 9 3 8 ) .

3 .  F.  K o g l ,  A. J .  H a a g e n - S m i t  and H. E r x l e b e n ,  Z.  P h y 
s i o l .  C h e m. ,  2 1 4 ,  2 4 1  ( 1 9 3 3 ) .

4 .  H. G. B a u m g a r t e n ,  A.  B j o r k l u n d ,  L.  L a c h e n m e y e r ,  A.
N o b i n  and U.  S t e n e v i ,  A c t a .  P h y s i o l .  S c a n d .  S u p p l . ,  
3 7 3 , 1 ( 1 9 7 1 ) .

5 .  H. G. B a u m g a r t e n ,  K.  D. E v e t t s ,  R. B. H o l m a n ,  L.  L.
I v e r s e n ,  M. V o g t  a nd  G. W i l s o n ,  J .  N e u r o c h e m . ,  1 9 , 
1 587  ( 1 9 7 2  ) .

6 . H.  G. B a u m g a r t e n ,  M. G o e t h e r t ,  A.  F.  H o l s t e i n  a nd  H.
G. S c h l o s s  b e r g e r ,  Z . Z e l l f o r s c h . ,  12 8 , 1 15 ( 1 9 7 2  ) .

7 .  A.  B j o r k l u n d ,  A. N o b i n  and U.  S t e n e v i ,  B r a i n  R e s . ,  5 3 ,  
117  ( 1 9 7 3 ) .

8 . A. B j o r k l u n d ,  A. No b i n  and U. S t e n e v i ,  Z.  Z e l l f o r s c h ,  
1 4 5 , 4 7 9  ( 1 9 7 3 ) .

9 .  A.  S a n e r ,  L.  P i e r i . ,  J .  M o r a n ,  M.  D a P r a d a  and A.
P l e t s c h e r ,  B r a i n  R e s . ,  7_6, 1 0 9  ( 1 9 7 5 ) .

10.  H. G. B a u mg a r t e n  and L.  L a c h e n m e y e r ,  Z.  Z e l l f o r s c h . ,
1 3 5 , 3 9 9  ( 1 9 7 2 ) .

1 1 .  A.  B. L e r n e r ,  J .  D. Case  and R. V.  H e i n z e l m a n ,  J.
A m e r .  Chem.  S o c . ,  6 0 8 4  ( 1 9 5 9 ) .

12.  R. H. He a c o c k ,  i n  Advance s  i n H e t e r o c y c l i c  C h e m i s t r y , 
V o l .  9 (A.  R. K a t r i t z k y ,  e d . ) .  A c a d e m i c  P r e s s ,  New 
Y o r k ,  1 9 6 5 ,  p . l .

210



211

1 3 .  W. C. S u m p t e r  and F.  M. M i l l e r ,  i n  T h e  C h e m i s t  r y  o f  
H e t e r o c y c l i c  C o m p o u n d s . A.  W e i s s b e r g e r  ( e d . T.  V o l .  T T  
I n t e r s c i e n c e  P u b l i s h e r s ,  New Y o r k ,  1954.

14 .  C e r i g h e l l i ,  C o m p t .  R e n d . ,  1 7 9 , 1 1 9 3  ( 1 9 2 4 ) .

15 .  S a c k ,  P h a r m .  W e e k b l a d , £ 8 , 3 0 7  ( 1 9 1 1 ) .

1 6 .  H e s s e  a nd  Z e i t s c h e l ,  J .  P r a k t .  C h e m . ,  [ 2 ]  481  
( 1 9 0 2  ) .

17 .  H e r t e r ,  J.  B i o l .  Ch e m. ,  5̂ , 4 8 9  ( 1 9 0 9 ) .

18 .  W e i s s g e r b e r ,  B e r . ,  3 5 2 0  ( 1 9 1 0 ) .

19 .  B o e s ,  P h a r m .  Z t g . ,  £7^, 1 3 1  ( 1 9 0 2  ) .

2 0 .  G. D r y h u r s t ,  i n  E l e c t r o c h e m i s t r y  o f  B i o l o g i c a l  M o l e 
c u l e s , Ac a d e mi c  P r e s s ,  New Y o r k ,  197 7 ,  pp.  1 - 5 .

2 1 .  R. S.  N i c h o l s o n  and I .  S h a i n ,  A n a l .  C h e m . ,  2Ê»  7 0 6  

( 1 9 6 4 ) .

2 2 .  N e u m e i s t e r ,  Z.  B i o l . ,  ^29 ( 1 8 9 0 ) .

2 3 .  H o p k i n s  and C o l e ,  J.  P h y s i o l . ,  I J . , 4 1 8  ( 1 9 0 1 ) ;  J .  Chem.  
S o c . ,  I , 193  ( 1 9 0 2  ).

24.  W i l l o c k  and H o p k i n s ,  J.  P h y s i o l . ,  21»  8 8  ( 1 9 0 6 - 1 9 0 7 ) .

2 5 .  V.  du V i g n e a u d ,  R. R. S e a l o c k  and C. V.  E t t e n ,  J .  B i o l .  
C h e m . ,  9 8 ,  5 6 5  ( 1 9 3 2  ).

2 6 .  0.  W. W o o l l e y ,  i n  T h e  B i o c h e m i c a l  B a s e s  o f  P s y c h o s e s , 
W i l e y - I n t e r s c i e n c e ,  New Y o r k ,  1962.

2 7 .  A.  M e i s t e r ,  i n  Bi  ochem i s t r y  o f  A m i n o  A c i d s , A c a d e m i c  
P r e s s ,  New Y o r k l  1965.

2 8 .  R. R.  B r o w n  and J.  M. P r i c e ,  J .  B i o l .  C h e m . ,  2 1 9 , 985  
( 1 9 5 6 ) .

2 9 .  R. K i d o ,  T.  N o g u c h i  and Y . M a t s u m a r a ,  B i o c h i m .  B i o -
p h y s .  A c t a ,  141  , 2 7 0  ( 1 9 6 7  ) .

3 0 .  J .  E.  L e k l e m ,  J.  W o o d f o r d  and R. R. B r o w n ,  Comp.
Bi  o c h e m .  P h y s i o l . ,  3_1, 9 5 ( 1 9 6 9 ) .

3 1 .  H. S.  M a s o n ,  Adv .  E n z y m o l . ,  1_9, 79 ( 1 9 5 7  ) .

32.  Y. K o t a k e  and T. Ma s a y a ma ,  H o p p e - S e y 1 e r ' s  Z.  P h y s i o l .
C h e m . ,  2 4 3 ,  2 3 7  ( 1 9 3 6 ) .



212

3 3 .  W. E.  Knox  and A.  H. M e h l e r ,  J.  B i o l .  C h e m . ,  1 8 7 . 419  
( 1 9 5 0 ) .

3 4 .  0.  H a y a i s h i ,  S.  R o t h b e r g ,  A.  H. M e h l e r ,  a n d  Y.  S a i t o ,
J .  B i o l .  C h e m. ,  8 8 9  ( 1 9 5 7 ) .

3 5 .  T .  T a n a k a  and W. E.  K n o x ,  J .  B i o l .  C h e m . ,  2 3 4 , 1 162  
( 1 9 5 9 ) .

3 6 .  C.  A.  E l v e h j e m ,  R. J.  M a d d e n ,  F.  M. S t r o n g  and D. W. 
W o o l e y ,  J,  Am.  Chem.  S o c . ,  1 767  ( 1 9 3 7  ) .

3 7 .  C.  H e i d e l b e r g e r ,  M. E.  G u l l b e r g ,  A. F.  M o r g a n  and S.  
L e p k o v s k y ,  J.  B i o l .  C h e m . ,  17 5 , 4 7 1  ( 1 9 4 8 ) .

3 8 .  C.  H e i d e l b e r g ,  E.  P.  A b r a h a m  and S.  L e p k o v s k y ,  J.  B i o l .  
C h e m . .1 7 9 .  151 ( 1 9 4 9 ) .

3 9 .  P.  F e i g e l s o n ,  J.  N. W i l l i a m s  and C. A.  E l v e h j e m ,  J.  
B i o l .  C h e m. ,  m ,  7 3 7  (1 951 ) .

4 0 .  C. E.  D a l g l i e s h ,  Q u a r t .  R e v s . ,  2 2 7  ( 1 9 5 1 ) .

4 1 .  P.  L.  J u l i a n ,  E.  W. M e y e r  a n d  H.  C.  P r i n t y ,  i n  
H e t e r o c y c l i c  Compounds,  R. C. E l d e r  f i  e l d  ( é d . ) .  Vo l .  3,  
pp .  6 3 ,  1 82 (1 952 ) .

4 2 .  M.  K o t a k e ,  T.  S a k a n  and  T.  M i w a ,  J.  Am.  Ch e m.  S o c . ,  7 2 . 
5 0 8 5  ( 1 9 5 0 ) .

4 3 .  T.  S a k a n  and 0.  H a y a i s h i ,  J.  B i o l .  C h e m . ,  1 8 6 , 177
( 1 9 5 0 ) .

4 4 .  M. M a s o n ,  and C.  P.  Ber  g ,  J.  B i o l .  C h e m . ,  1 8 8 ,  78 3
( 1 9 5 1 ) .

4 5 .  C. E.  D a l g l i e s h ,  W. E.  Knox  and A.  N e u b e r g e r ,  N a t u r e ,  
1 6 8 . 20  ( 1 9 5 1  ) .

4 6 .  A.  H.  M e h l e r  and W. E.  K n o x ,  J .  B i o l .  C h e m . ,  187 , 431  
( 1 9 5 0  ) .

4 7 .  B.  W i t k o p ,  A n n . ,  5 5 8 . 98 ( 1 9 4 7 ) .

4 8 .  B. w i t k o p ,  A n n . ,  5 ^ ,  1 0 3  ( 1 9 4 4 ) .

4 9 .  B. W i t k o p  and J.  F i e d l e r ,  A n n . ,  5 5 8 , 91 ( 19 4 7 ) .

5 0 .  B. W i t k o p ,  J.  Am. Chem.  S o c . ,  7_2, 1 4 2 8  ( 1 9 5 0 ) ;  7_2, 2 3 3 1
( 1 9 5 0 ) .



213

5 1 .  B . W i t k o p  and J.  B. P a t r i c k ,  J.  Am.  C h e m.  S o c . ,  7 3 ,  
7 1 3  ( 1 9 5 1 ) ;  7 3 ,  2 1 9 6  ( 1 9 5 1 ) .

5 2 .  M.  N a k a g a w a ,  T.  K a n e d o ,  Y.  H o s h i k a w a  a n d  T.  Hi  no ,  J .  
Am.  Chem.  S o c . ,  9 6 ,  6 2 4  ( 1 9 7 4 ) .

5 3 .  M. N a k a g a w a ,  K.  Y o s h i k a w a  and T.  Hi  n o ,  J .  Am.  Chem.  
S o c . ,  9 7 ,  6 4 9 6  ( 1 9 7 5 ) .

5 4 .  M. N a k a g a w a ,  H. O k a j i m a  and T.  Hi  n o ,  J .  Am.  Chem.  S o c . ,
9 8 ,  6 3 5  ( 1 9 7 6 ) .

5 5 .  M. N a k a g a w a ,  H.  O k j i m a  a nd  T.  Hi  n o ,  J .  Am.  Chem.  S o c . ,
9 9 ,  4 4 2 4  ( 1 9 7 7 ) .

5 6 .  M. N a k a g a w a ,  H. W a t a n a b e ,  S. K o d a l a ,  H.  O k a j i m a ,  T.  
H i  n o ,  J.  L.  F l i p p e n ,  and B. W i t k o p ,  P r o c .  N a t .  A c a d .  
S c i .  U . S . A . ,  7 4 ,  4 7 3 0  ( 1 9 7 7 ) .

5 7 .  I .  S a i t o ,  T.  M a t s u r a ,  M. N a k a g a w a  a n d  T.  H i  no ,  A c c .  
C h e m .  R e s . ,  3 4 6  ( 1 9 7 7  ) .

5 8 .  S.  Y a m a m o t o  and 0.  H a y a i s h i ,  J.  B i o l .  C h e m . ,  24 2  , 5 2 6 0
( 1 9 6 7 ) .

59 .  N. C.  C h e n ,  R. K. G h o l s o n  and N. R a i c a ,  B i o c h i m .  B i o -  
p h y s .  A c t a ,  3 4 3 ,  167  (1 9 7 4 ) .

6 0 .  R. B. F r y d m a n ,  M. L.  T o m a r o  and B. F r y d m a n ,  Bi  o c he m.  
B i o p h y s .  A c t a ,  2_8j^, 63  ( 1 9 7 2  ) .

6 1 .  K.  T a k a i ,  H. U s h i r o ,  Y.  N o d a ,  S. N a r u m i y a ,  T.  T o k u y a m a  
a n d  0.  H a y a i s h i ,  J.  B i o l .  Che m. ,  2 5 2 , 2 6 4 8  ( 1 9 7 7 ) .

6 2 .  H. U s h i r o ,  K. T a k a i ,  Y.  N o d a ,  S. N a r u m i y a ,  T.  T o k u y a m a  
a n d  0.  H a y a i s h i ,  J.  B i o l .  Ch e m. ,  2 5 3 , 9 0 0 2  ( 1 9 7 8 ) .

6 3 .  Y.  N o d a ,  K. T a k a i ,  T.  T o k u y a m a ,  S.  N a r u m i y a ,  H. U s h i r o  
a n d  0.  H a y a i s h i ,  J.  B i o l .  Ch e m. ,  2 5 2 , 4 4 1 3  ( 1 9 7 7 ) .

6 4 .  R. J .  S u n d b e r g ,  i n  T h e  C h e m i s t r y  o f  I d o l e s , A c a d e m i c  
P r e s s ,  New Y o r k ,  19 7 0 .

6 5 .  Y.  T a k a y a m a ,  B u l l .  S o c .  Chem.  J a p a n ,  8 ,  2 1 3  ( 1 9 3 3 ) .

6 6 . V.  B r a b e c  and V.  M o r n s t e i n ,  B i o p h y s .  C h e m . ,  1_2, 15 9  
( 1 9 8 0 ) .

6 7 .  B. M a l f o y  and J.  A. R e y n a u d ,  J.  E l e c t r o a n a l .  Chem. ,  
1 1 4 , 2 13 ( 1 9 8 0 ) .

6 8 . G.  D.  C h r i s t i a n  a nd  W. C. P u r d y ,  J .  E l e c t r o a n a l .



2 1 4

6 9 .  W. E.  S a v i g e ,  A u s t r .  J .  C h e m . ,  2 2 7 5  ( 1 9 7 5 ) .

7 0 .  T.  W. F i n d l e y ,  D. S w e r n ,  and J.  T.  S c a n !  a n ,  J.  Ame r .  
C h e m.  S o c . ,  4 1 2  ( 1 9 4 5 ) .

7 1 .  W. E.  S a v i g e  and A. F o n t a n a ,  I n t .  J.  P e p t i d e  P r o t e i n  
R e s . ,  2 8 5  ( 1 9 8 0 ) .

7 2 .  G . D r y h u r s t , M .  R o s e n ,  a n d  P.  J.  E l v i n g ,  A n a l .  C h i m.  
A c t a ,  4 2 ,  143  ( 1 9 6 8 ) .

7 3 .  D. L .  M c A l l i s t e r  and G. D r y h u r s t ,  A n a l .  C h i m .  A c t a ,  6 4 ,  
1 2 1  ( 1 9 7 3 ) .

74.  L. M e i t e s ,  i n P o l a r o q r a p h i  c T e c h n i q u e s . 2nd é d . ,  W i l e y ,  
New Y o r k ,  p.  4 4 1 ,  1 9 6  5.

7 5 .  G. D r y h u r s t ,  T a l a n t a ,  1_9, 7 6 9  ( 1 9 7 2  ) .

7 6 .  G. D r y h u r s t ,  A n a l .  C h i m .  A c t a ,  1 3 7  ( 1 9 7 1 ) .

7 7 .  G . D r y h u r s t  and P.  J .  E l v i n g ,  J .  E l e c t r o c h e m .  S o c . ,  
11 5 , 1 0 1 4  ( 1 9 6 8 ) .

7 8 .  J.  L.  O w e n s ,  H .  A. M a r s h ,  a n d  G. D r y h u r s t ,  J .  E l e c t r o 
a n a l .  C h e m . ,  2 1 ,  2 31 ( 1 9 7 8 ) .

7 9 .  V.  E.  N o r v e l l  and G. M a m a n t o v ,  A n a l .  C h e m . ,  £ 2 ,  1 4 7 0  
( 1 9 7 7 ) .

8 0 .  R. N.  G o y a l ,  A. B. T o t h ,  G.  D r y h u r s t  and N. T .  N g u y e n ,  
B i o e l e c t r o c h e m .  B i o e n e r g . ,  £ ,  39 ( 1 9 8 2 ) .

81.  J.  P.  G r e e n s t e i n  and W i n i t z ,  i n C h e m i s t r y  o f  t h e  Ami no  
A c i d s , V o l .  I ,  John W i l e y ,  New Y o r k ,  1 9 6 1 .

8 2 .  R. C.  A m s t r o n g ,  B i o c h i m .  B i o p h y s .  A c t a ,  1 5 8 ,  1 7 4
( 1 9 6 8 ) .

8 3 .  G. D r y h u r s t ,  i n  E l e c t r o c h e m i s t r y  o f  B i o l o g i c a l  M o l e 
c u l e s , Ac a demi c  P r e s s ,  New Yo r k ,  p.  15 , 19 7 7 .

8 4 .  A.  J .  B a r d  and L.  R. F a u l k n e r ,  i n  E l e c t r o c h e m i c a l  
M e t h o d s , John W i l e y  and Sons ,  New Y o r k ,  p.  2 2 3 ,  1980.

8 5 .  R. H.  W o p s c h a l l  and I .  S h a i n ,  A n a l .  C h e m . ,  22.» 1 5 1 4  
( 1 9 6 7 ) .

8 6 . R. N. Adams,  i n E l e c t r o c h e m i s t r y  a t  S o l i d  E l e c t r o d e s , 
M a r c e l  D e k k e r ,  New Y o r k ,  p.  136 ,  196 9 .



215

8 7 .  R. W. M u r r a y ,  W. R. H e i n e m a n ,  and  G.  W. O' Dom,  A n a l .  
C h e m . ,  3 9 ,  1 6 6 6  ( 1 9 6 7  ) .

8 8 . W. R. H e i n e m a n ,  A n a l .  C h e m . ,  3 9 0 A  ( 1 9 7 8 ) .

8 9 .  R. L. H i n m a n  and C.  B a u ma n ,  J.  O r g .  C h e m . ,  2 9 ,  2 4 3 1  
( 1 9 6 4 ) .

9 0 .  R. L.  H i n m a n  and J.  L a n g ,  B i o c h e m . ,  £ ,  1 4 4  ( 1 9 6 5 ) .

9 1 .  A.  E k ,  H. K i s s m a n ,  J .  B. P a t r i c k  a nd  B. W i t k o p ,  E x p e -  
r i e n t i a ,  36  ( 1 9 5 2 ) .

9 2 .  A.  I .  S c o t t ,  i n  I n t e r p r e t a t i o n  o f  t h e  U l t r a v i o l e t  
S p e c t r a  o f  N a t u r e  P r o d u c t s ,  Pe r qamon,  New Y o r k ,  p. 172 ,  
1 9 6 4 .

9 3 .  R.  N. G o y a l ,  A. B. T o t h  and G. D r y h u r s t ,  J .  E l e c t r o -  
a n a l .  C h e m. ,  1 3 1 , 1 8 1  ( 1 9 8 2  ) .

9 4 .  A.  B. T o t h ,  R. N.  G o y a l ,  M. Z.  W r o n a ,  T.  L a c a v a ,  N. T.  
N g u y e n  and G. D r y h u r s t ,  B i o e l e c t r o c h e m .  B i o e n e r g . ,
4 1 3  ( 1 9 8 1 ) .

9 5 .  A.  B. T o t h  and G. D r y h u r s t ,  J .  E l e c t r o a n a l .  Ch e m. ,  
12 2 , 2 05 ( 1 981 ) .

9 6 .  H.  A. M a r s h  and G. D r y h u r s t ,  J .  E l e c t r o a n a l .  C h e m. ,  
9 5 ,  81  ( 1 9 7 9 ) .

9 7 .  G . D r y h u r s t ,  J .  E l e c t r o c h e m .  S o c . ,  11 9 , 1 5 5 9  ( 1 9 7 2  ) .

9 8 .  R. N. G o y a l ,  N. T .  N g u y e n  and G. D r y h u r s t ,  B i o e l e c t r o 
c h e m .  B i o e n e r g . ,  2 7 3  ( 1 9 8 2  ).

9 9 .  M.  Z.  W r o n a  and G. D r y h u r s t ,  B i o c h i m .  B i o p h y s .  A c t a ,  
5 7 0 , 371  ( 1 9 7 9 ) .

1 0 0 .  M.  Z.  W r o n a ,  J .  L.  Owe n s  and G. D r u h u r s t ,  J .  E l e c t r o -  
a n a l .  C h e m . ,  10 5 , 2 9 5  ( 1 9 7 9 ) .

1 0 1 .  R. N. G o y a l ,  M. Z . W r o n a  and G. D r y h u r s t ,  B i o e l e c t r o 
c h e m .  B i o e n e r g . ,  _7» 4 3 3  ( 1 9 8 0 ) .

1 0 2 .  T .  R. Chen and G. D r y h u r s t ,  J .  E l e c t r o a n a l .  C h e m. ,  
1 4 4 , 1 91 ( 1 9 8 3 ) .

1 0 3 .  T .  R. Chen and G. D r y h u r s t ,  J .  E l e c t r o a n a l .  Ch e m. ,  
1 5 4 , 107  ( 1 9 8 3 ) .

1 04 .  T.  R. Chen and G. D r y h u r s t ,  B i o e l e c t r o c h e m .  B i o e n e r g . ,  
1 1 , 7 5 ( 1 983  ) .



216

1 0 5 .  T.  R.  Chen and G. D r y h u r s t ,  J.  E l e c t r o a n a l .  Ch e m. ,  17 7 , 
149 ( 1 9 8 4 ) .

1 0 6 .  R . N . G o y a l ,  A. B. T o t h  and G. D r y h u r s t ,  J .  E l e c t r o 
a n a l .  C h e m. ,  n_ 3 , 2 8 7  ( 1 9 8 2  ) .

1 0 7 .  A . T .  N i e l s e n  and W. J .  H o u l i h a n  i n  O r g a n i c  R e a c t i o n s . 
V o l .  1 6 ,  R. A d a ms ,  A. H. B l a t t ,  V. B o e k e l h e i d e ,  T.  L.  
C a i r n s ,  D. J .  Cr am and H. 0 .  Hous e  ( E d s . ) ,  John W i l e y  
and Sons,  New Y o r k ,  1 9 6 8 ,  pp .  1 - 4 3 9 .

1 0 8 .  F.  B e r g m a n  and S.  D i k s t e i n ,  J .  A m e r .  Ch e m.  S o c . ,  7 7 ,  
6 9 1  ( 1 9 5 5 ) .  ~


