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FACTORS INFLUENCING ON-COLUMN 
HYDROLYSIS OF THIACETARSAMIDE 

LIQUID CHROMATOGRAPHY 
DU RING REVERSED-PHASE 

Mary G .  Leadbetter and Edward H. Allen 
Division of Veterinaly Medical Research 

Food and Drug Administration 
Beltsville, Maryland 20 705 

ABSTRACT 

The h y d r o l y t i c  r e a c t i o n  of t h i a c e t a r s a m i d e  w i t h  
r e v e r s e d - p h a s e  p a c k i n g  material p r o d u c e d  e - a r s e n o s o b e n z a m i d e  
d u r i n g  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) . The 
on-column h y d r o l y s i s  was i n h i b i t e d  by i n c l u d i n g  compounds i n  t h e  
m o b i l e  p h a s e  t h a t  complex  w i t h  trace metal c o n t a m i n a n t s .  With 
ethylenediaminetetraacetic a c i d  (EDTA) and  s o d i u m  p h o s p h a t e  i n  
t h e  mobile p h a s e  a t  n e u t r a l  pH, a u n i q u e  c h r o m a t o g r a p h i c  p r o f i l e  
r e s u l t e d ,  w i t h  t h i a c e t a r s a m i d e  n o t  b e i n g  r e t a i n e d ,  f o l l o w e d  by a 
b r i d g e  t o  t h e  p - a r s e n o s o b e n z a m i d e  peak .  EDTA, bound t o  t h e  
r e v e r s e d - p h a s e  p a c k i n g  mater ia l ,  i n h i b i t e d  on-column h y d r o l y s i s  
of t h i a c e t a r s a m i d e  when EDTA was n o t  p r e s e n t  i n  t h e  m o b i l e  
p h a s e .  After t h e  HPLC s y s t e m  was c l e a n e d  w i t h  water t o  remove 
t h e  r e s i d u a l  EDTA, t h e  b r i d g e  d i s a p p e a r e d  and  t h e  
- p - a r s e n o s o b e n z a m i d e  p e a k  i n c r e a s e d ,  i l l u s t r a t i n g  i n c r e a s e d  
h y d r o l y s i s .  T h i s  o c c u r r e d  w h e t h e r  o r  noc  t h e  s i l i c a  h a d  b e e n  
t r e a t e d  t o  remove trace metals. EDTA p r o b a b l y  i n t e r a c t e d  a t  
s e c o n d a r y  r e t e n t i o n  s i tes  c o n t a i n i n g  trace metal c o n t a m i n a n t s ,  
t h u s  i n h i b i t i n g  t h e  h y d r o l y t i c  r e a c t i o n  of t h i a c e t a r s a m i d e  a t  
t h e  s i l i c a  s u r f a c e .  
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14 LEADBETTER AND ALLEN 

INTRODUCTION 

T h i a c e t a r s a m i d e  is  a m e r c a p t o a c e t i c  a c i d  d e r i v a t i v e  of 

- p-a r senosobenzamide  fo rmed  i n  t h e  r e v e r s i b l e  r e a c t i o n  shown 

be low (1). 

AsrO AS- (SCH2COOHJ2 

c=o 
I 

NH2 

p Arrenosabenramlde 

c = o  
I 

NH2 
lhlocetarromide 

T h i a c e t a r s a m i d e ,  as a 1% n e u t r a l  a a u e o u s  s o l u t i o n  ( 2 )  i s  t h e  

o n l y  d r u g  a p p r o v e d  t o  t reat  a d u l t  c a n i n e  h e a r t w o r m  (Dirof i la r ia  

i m m i t i s )  d i s e a s e ,  and is  s o l d  u n d e r  t h e  t r a d e n a m e s  C a p a r s o l a t e  

and F i l a r a m i d e .  T h i a c e t a r s a m i d e  i n  a q u e o u s  s o l u t i o n  p r o d u c e d  

m i x t u r e s  of t h i a c e t a r s a m i d e  and p a r s e n o s o b e n z a m i d e  w i t h  

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

t e m p e r a t u r e - s t o r e d  s a m p l e s  ( 3 ) .  The two 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 i c  (HPLC) m e t h o d s  d e v e l o p e d  t o  m e a s u r e  t h e  

- p-a r senosobenzamide  c o n t e n t  of t h i a c e t a r s a m i d e  s o l u t i o n s  

i n h i b i t e d  on-column h y d r o l y s i s .  The m o b i l e  p h a s e s  c o n t a i n e d  

componen t s  p r e v i o u s l y  shown t o  s u p p r e s s  trace metal a c t i v i t y  

( 4 ) .  The a d v e r s e  e f f ec t s  of trace metals p r e s e n t  i n  HPLC 

p a c k i n g  material  o n  t h e  c h r o m a t o g r a p h y  of c h e l a t i n g ,  b a s i c ,  o r  
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HYDROLYSIS OF THIACETARSAMIDE 1s 

a c i d i c  compounds i s  o f t e n  o b s e r v e d  as b r o a d  o r  b a d l y  t a i l i n g  

p e a k s  and r e d u c e d  r e c o v e r y  ( 5 ) .  T e t r a c y c l i n e  a n a l y s i s  r e q u i r e d  

t h e  p r e s e n c e  of ethylenediaminetetraacetic a c i d  (EDTA) i n  t h e  

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

material ( 6 ) .  Improvement  i n  p e a k  s h a p e ,  r e s o l u t i o n ,  and  

r e c o v e r y  of hop b i t t e r  a c i d s  on r e v e r s e d - p h a s e  p a c k i n g  material 

r e q u i r e d  t h e  s u p p r e s s i o n  of trace metal a c t i v i t y  o r  treatment Of 

t h e  p a c k i n g  material t o  remove trace metals ( 2 , 4 ) .  

p r e s e n t s  a n  a n a l y s i s  of t h e  f ac to r s  i n f l u e n c i n g  on-column 

h y d r o l y s i s  o f  t h i a c e t a r s a m i d e .  

T h i s  p a p e r  

EXPERIMENTAL 

Reagents and Materials 

HPLC g r a d e  m e t h a n o l ,  a c e t o n i t r i l e ,  i s o p r o p a n o l ,  and 

t e t r a h y d r o f u r a n  ( B u r d i c k  & J a c k s o n  L a b o r a t o r i e s ,  Muskegon, M I )  

were u s e d .  A l l  o t h e r  c h e m i c a l s  were r e a g e n t  g r a d e .  Water was 

g l a s s - d i s t i l l e d .  Aqueous c o m p o n e n t s  of t h e  mobile p h a s e  were 

f i l t e r e d  t h r o u g h  a P l i l l i p o r e  0.45-um HA f i l t e r ,  u s i n g  an  

a l l -g lass  a p p a r a t u s .  The m o b i l e  p h a s e s  were d e g a s s e d  i n  a n  

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

C a p a r s o l a t e  a c i d  t h i a c e t a r s a m i d e )  , c a p a r s o l a t e  r e f e r e n c e  

s t a n d a r d ,  and p - a r s e n o s o b e n z a m i d e  were s u p p l i e d  by A b b o t t  

L a b o r a t o r i e s ,  N o r t h  C h i c a g o ,  I L ,  and s t o r e d  i n  t h e  d a r k  a t  BOC 

u n t i l  u s e d .  
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16 LEADBETTER AND ALLEN 

P r e p a r a t i o n  of Test S o l u t i o n s  

Thiacetarsamide and p-arsenosobenzamide were d i s s o l v e d  by 

h e a t i n g  t o  60OC on a Temp-Blok module h e a t e r  and f r e q u e n t l y  

mixing w i t h  a Vortex-Genie mixer .  The s o l u t i o n s  were cooled t o  

room t e m p e r a t u r e ,  and t h e n  f i l t e r ed  t h r o u g h  a 0.45-um M i l l i p o r e  

f i l t e r  before HPLC a n a l y s i s .  The u s u a l  s o l v e n t  was t h e  mobile 

phase.  The s o l u t i o n s  were s tored at 8 0 ~  i n  t h e  d a r k .  

p-Arsenosobenzamide s t a n d a r d s  were p r e p a r e d  i n  methanol -water  

w i t h  0.25 mM sodium p h o s p h a t e  and 0.0125 mM sodium EDTA pH 7 

(15:85) a t  a c o n c e n t r a t i o n  of a p p r o x i m a t e l y  0.06 m g / m l .  

S o l u t i o n s  of 0.06 t o  0.005 m g / m l  o r  0.3 t o  0.02 mM were p r e p a r e d  

by d i l u t i o n .  These s t a n d a r d s  were s t a b l e  when stored a t  8 O C  

i n  t h e  d a r k ;  10-ul a l i q u o t s  of t h e  s t a n d a r d s  were a n a l y z e d  a l o n g  

w i t h  t h e  t h i a c e t a r s a m i d e  s o l u t i o n s .  The c o e f f i c i e n t  of 

v a r i a t i o n  for t h e  s t a n d a r d  c u r v e s  u s u a l l y  exceeded 0.99. 

Appara tus  

The chromatographic  eauipment  c o n s i s t e d  of a Waters M-6000A 

d e l i v e r y  sys tem,  Waters 440 a b s o r b a n c e  (254 nm) f ixed-wavelength  

detector ,  Omni-Scribe 1 0 - m V  r e c o r d e r ,  Hewle t t -Packard  Model 

3390-A r e c o r d i n g  i n t e g r a t o r ,  and e i t h e r  a Valco CV-6-UHPa-N60 

200-ul or Rheodyne 7125 20-ul l o o p  i n j e c t i o n  v a l v e .  Samples  

were i n t r o d u c e d  w i t h  t h e  a p p r o p r i a t e  Hamil ton s y r i n g e .  The 

a n a l y t i c a l  columns were 10-um Zorbax C-8 25 cm x 4.6 mm I . D .  and 

R.E. Gour ley  10-um Cleer S i l  ODS 25  cm x 4.0 mm I.D. The 
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HYDROLYSIS OF THIACETARSAMIDE 17 

columns were c l e a n e d  each d a y  w i t h  water t o  p r e v e n t  sa l t  

d e p o s i t i o n .  

RESULTS 

The maximum i n h i b i t i o n  of on-column h y d r o l y s i s  of 

t h i a c e t a r s a m i d e  was o b t a i n e d  w i t h  a m o b i l e  phase  c o n t a i n i n g  EDTA 

and sodium phosphate .  The c h r o m a t o g r a p h i c  p r o f i l e  fo r  

t h i a c e t a r s a m i d e  showed a large n o n - r e t a i n e d  peak c o n t a i n i n g  

t h i a c e t a r s a m i d e ,  which t a i l e d  i n t o  t h e  p-arsenosobenzamide  peak ,  

forming  a b r i d g e  between t h e  two p e a k s  ( F i g u r e  1). H i g h e r  

c o n c e n t r a t i o n s  of t h e  i o n i c  m o d i f i e r s  produced  d e c r e a s e d  

i n h i b i t i o n  o f  t h e  h y d r o l y t i c  r e a c t i o n .  No improvement i n  

chromatography was o b s e r v e d  by i n c l u d i n g  t h e  f o l l o w i n g  

a n t i o x i d a n t s  i n  t h e  mobi le  phase:  

2-mercaptoe thanol ,  sodium b i s u l f i t e ,  and a s c o r b i c  a c i d .  The 

2 , 6 - d i - ~ - b u t y l - p - c r e s o l ,  

r e t e n t i o n  time of p-arsenosobenzamide was n o t  affected by t h e  

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

phase  of water and o r g a n i c  m o d i f i e r s ,  t h i a c e t a r s a m i d e  was 

c o m p l e t e l y  h y d r o l y z e d  and e l u t e d  as p-arsenosobenzamide  ( F i g u r e  

1). 

To c o n f i r m  on-column h y d r o l y s i s  of t h i a c e t a r s a m i d e ,  

f r a c t i o n s  were c o l l e c t e d  from a 10-ug i n j e c t i o n  o f  

thiacetarsamide. F r a c t i o n  1, t h e  n o n - r e t a i n e d  p e a k ,  c o n t a i n e d  

t h i a c e t a r s a m i d e ;  f r a c t i o n s  2 and 3 were from t h e  b r i d g e ;  and 

f r a c t i o n  4 c o n t a i n e d  t h e  p-arsenosobenzamide peak.  The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



18 LEADBETTER AND ALLEN 

d 4 b 5 10 d 6 10 15 

Minutes 

FIGURE 1. Chromatograms o f  (1) 1 ug o f  thiacetarsamide, m o b i l e  
phase  methanol-water  w i th  0.25 mM sodium phosphate  and 0.0125 
mM sodium EDTA pH 6.8 (15:85); ( 2 )  2 .5  u g  o f  thiacetarsamide; 
mobile phase  methanol -water  (15:85). Column Zorbax C-8, 2 5  cm 
x 4.6 mm I . D . ;  flow ra te ,  2.0 ml/min; detector wavelength  254 
nm at 0.1 a b s o r b a n c e  u n i t  f u l l  scale ( a . u . f . s ) .  

f r a c t i o n s  were immedia te ly  rechromatographed  ( T a b l e  1). The 

chromatographic  p r o f i l e  f o r  f r a c t i o n s  1 and 2 showed a 

s i g n i f i c a n t  Q u a n t i t y  o f  n o n - r e t a i n e d  material and 

- p-arsenosobenzamide peaks .  T h i s  proved t h a t  t h e  i s o l a t e d  

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

h y d r o l y z e  on t h e  column t o  produce t h e  l a t e r - e l u t i n g  

2-arsenosobenzamide.  
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HYDROLYSIS OF THIACETARSAMIDE 19 

TABLE 1 
Peak H e i g h t s  of Isolated Thiacetarsanide F r a c t i o n s 1  

Non-re ta ined  - p-Arsenosobenzamide 
F r a c t i o n  peak (cm) peak  (cm) 

1 Non-re ta ined  peak 5.7 1.3 
2 F i r s t  h a l f  o f  b r idge  3.6 1.1 
3 Second h a l f  of b r i d g e  1 . 4  0.2 
4 p-Arsenosobenzamide peak 0.6 1.1 

I F r a c t i o n s  col lected from 10 u g  of t h i a c e t a r s a m i d e .  
Chromatographic  c o n d i t i o n s ;  Zorbax C-8 column, f l o w  rate 2.0 
ml/min,  a b s o r b a n c e  0.005 a t  254 nm, and m o b i l e  p h a s e  
methanol -water  w i t h  0.25 mM sodium p h o s p h a t e  and 0.0125 mM EDTA 
pH 6.8 ( 1 5 ; 8 5 ) .  The n o n - r e t a i n e d  peak i s  corrected fo r  t h e  
m o b i l e  phase  i n j e c t i o n  d e f l e c t i o n .  

The h y d r o l y t i c  r e a c t i o n  of t h i a c e t a r s a m i d e  w i t h  t h e  

r e v e r s e d - p h a s e  p a c k i n g  material c a n  f u r t h e r  be d e m o n s t r a t e d  by 

r e d u c i n g  t h e  f l o w  ra te ,  t h u s  i n c r e a s i n g  t h e  c o n t a c t  t i m e  of 

t h i a c e t a r s a m i d e  w i t h  t h e  Zorbax C-8 column. Using t h e  recorded 

absorbance  measurements ,  t h e  r a t i o  o f  t h e  n o n - r e t a i n e d  peak 

h e i g h t  t o  t h e  p-arsenosobenzamide  peak h e i g h t  was c a l c u l a t e d .  

A t  a 2.0-ml/min flow ra te ,  t h e  c a l c u l a t e d  r a t i o  was 18. When 

t h e  flow rate was reduced  t o  1.0 ml /min  and a l l  o t h e r  c o n d i t i o n s  

were h e l d  c o n s t a n t ,  t h e  c a l c u l a t e d  r a t i o  d e c l i n e d  t o  8. 

I n c r e a s e d  e x p o s u r e  t o  t h e  r e v e r s e d - p h a s e  p a c k i n g  material 

i n c r e a s e d  t h e  amount of p-arsenosobenzamide  detected.  

The r o l e  o f  EDTA and sodium p h o s p h a t e  i n  t h e  i n h i b i t i o n  of 

on-column h y d r o l y s i s  was e l u c i d a t e d .  The c h r o m a t o g r a p h i c  

p r o f i l e  for  t h i a c e t a r s a m i d e  w i t h  sodium EDTA as t h e  o n l y  i o n i c  

m o d i f i e r  was s i m i l a r  t o  t h a t  o b s e r v e d  when b o t h  EDTA and sodium 
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20 LEADBETTER AND ALLEN 

phosphate  were p r e s e n t  i n  t h e  mobile phase  ( F i g u r e  2 ) .  When t h e  

mobi le  phase  was changed ,  t h e  column was c l e a n e d  w i t h  

methanol-water  (50:50) and t h e n  100% methanol .  The column was 

e q u i l i b r a t e d  for  1 h before t h i a c e t a r s a m i d e  was a n a l y z e d  w i t h  

t h e  n e x t  mobile p h a s e ,  methanol -water  w i t h  0 .25 mM sodium 

phosphate  pH 6.8 (15:85). P r e v i o u s  e x p e r i m e n t s  had shown t h a t  

t h e  magnitude o f  i n h i b i t i o n  of t h e  h y d r o l y t i c  r e a c t i o n  was 

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

phosphate  a l o n e  ( F i g u r e  2 ) .  I n  a n  a t t e m p t  t o  remove r e s i d u a l  

EDTA t h a t  may have remained bound t o  t h e  C-8 p a c k i c g ,  t h e  column 

was c l e a n e d  w i t h  water. After r e - e q u i l i b r a t i o n  w i t h  t h e  Same 

sodium p h o s p h a t e - c o n t a i n i n g  mobile p h a s e ,  thiaCetarsami.de was 

a g a i n  a n a l y z e d  ( F i g u r e  2 ) .  The c h r o m a t o g r a p h i c  p r o f i l e  had 

changed s i g n i f i c a n t l y ,  w i t h  t h e  br idge d i s a p p e a r i n g  and t h e  

2-arsenosobenzamide peak i n c r e a s i n g  ( F i g u r e  2 ) .  

EDTA bound t o  t h e  r e v e r s e d - p h a s e  p a c k i n g  material had i n h i b i t e d  

t h e  h y d r o l y s i s  of thiacetarsamide t o  2-arsenosobenzamide;  water 

was r e q u i r e d  t o  remove t h e  bound EDTA. 

The r e s i d u a l  

I n  an a t t e m p t  t o  f u r t h e r  r e d u c e  o r  e l i m i n a t e  on-column 

h y d r o l y s i s  of t h i a c e t a r s a m i d e ,  a Cleer S i l  ODS column was 

e v a l u a t e d .  The s i l i c a  u s e d  t o  m a n u f a c t u r e  t h e  Cleer S i l  ODS 

column had been treated t o  remove d i v a l e n t  c a t i o n s ,  t h u s  

r e d u c i n g  t h e  i n f l u e n c e  of trace metal c o n t a m i n a n t s .  The 

r e s p o n s e  of th iace t  arsamide and e-arsenosobenzamide  s o l u t i o n s  

w i t h  mobile p h a s e s  c o n t a i n i n g  15% methanol  and 85% aqueous 
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HYDROLYSIS OF THIACETARSAMIDE 21 

(3) 

111 - 
0 5 10 0 5 10 

Minutes 

FIGURE 2. Chromatograms o f  2.5 ug of t h i a  e t  
Zorbax C-8, 25 cm x 4.6 mm I . D . ;  mobile p h a s e  

R - 
0 5 10 

r samide .  Ca Lumn 
(1 ) me thanol -wat  er  

w i t h  0.0125 mM sodium EDTA pH 7 (15:85) ,  ( 2 )  and ( 3 )  
methanol-water  w i t h  0.25 mM sodium p h o s p h a t e  pH 6.8 (15:85), (2)  
b e f o r e  and ( 3 )  af ter  c l e a n i n g  column w i t h  water; f l o w  ra te  2.0 
ml/min; d e t e c t o r  wavelength  254 nm a t  0.1 a.U.f.S. 
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22 LEADBETTER AND ALLEN 

component ( v / v )  was d e t e r m i n e d  ( F i g u r e  3 ) .  p-Arsenosobenzamide 

s t a n d a r d  c u r v e s  were p r e p a r e d  w i t h  each m o b i l e  phase  tested. 

The  peaks  were more uni form f o r  t h e  parSenosobenzami .de  

component of t h i a c e t a r s a m i d e  and p a r s e n o s o b e n z a m i d e  s t a n d a r d s  

t h a n  t h o s e  produced w i t h  t h e  Zorbax C-8 column. 

- 

The q u a n t i t y  of 

- p-arsenosobenzamide detected i n  t h e  t h i a c e t a r s a m i d e  s o l u t i o n  was 

c a l c u l a t e d  from these s t a n d a r d  c u r v e s .  The p e r c e n t  c o n v e r s i o n  

of thiacetarsamide t o  p-arsenosobenzamide was t h e n  c a l c u l a t e d  

u s i n g  both peak h e i g h t  and peak area da ta  (Table 2 ) .  

TABLE 2 
Thiacetarsamide S o l u t i o n s  Analyzed fo r  p-hrsenosobenzamide 
Recovered on a Cleer S i l  ODS Column1 

Mobile C a p a r s o l a t e  a c i d 2  C a p a r s o l a t e  r e f e r e n c e  s t a n d a r d 3  . 
p h a s e  mM % Convers ion  mM % Convers ion  

A4 1 .4  1 0 2  (315  1 . 3  98 (315  
B 0.5 37 ( 3 )  0.5 37 ( 3 )  
C 0.2 1 6  ( 4 )  0.2 15 ( 4 )  
D 0.3 1 9  ( 3 )  0 .3  20 ( 3 )  
E 0.8 57 ( 4 )  0.7 51 ( 3 )  
A6 1 . 3  100 ( 3 )  1 . 2  94 ( 3 )  
B 1 .2  8 9  ( 3 )  0.9 68 ( 3 )  
C 0.4 31 ( 4 )  0.3 2 1  ( 4 )  
D 0.6 47 (3)  0.6 46 ( 3 )  
E 1.3 100 ( 4 )  1 .2  90 ( 3 )  

11 .326  mM s o l u t i o n s  o f  thiacetarsamide were a n a l y z e d  w i t h  a 
E-arsenosobenzamide s t a n d a r d  c u r v e  u s i n g  peak h e i g h t  and area 
data and d i f f e r e n t  aqueous components 85% v/v  w i t h  methanol .  
The aqueous components were ( A )  water, ( B )  0.25 mM sodium 
phosphate  pH 6.5 before t h e  column was exposed  t o  EDTA, ( C )  0.25 
mM sodium phosphate  and 0.0125 mM sodium EDTA pH 6.7, ( D )  same 
mobi le  phase as ( B )  after the  column was exposed  t o  EDTA w i t h o u t  
c l e a n i n g  w i t h  water, and ( E )  w i t h  c l e a n i n g  w i t h  water. 
2Act ive  i n g r e d i e n t  for t h e  m a n u f a c t u r e  of t h e  f o r m u l a t e d  d r u g  
p r o d u c t .  
3Abbott Laboratories house  r e f e r e n c e  s t a n d a r d .  
4Peak he igh t .  
5Number of rep l ica te  a n a l y s e s  i n  p a r e n t h e s e s .  
6Peak area. 
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(31 

4 il 
0-0- 0 7  0- 0 7  

Minutes 

c, 

0 7  

FIGURE 3. Chromatograms o f  1 ug of t h i a c e t a r s a m i d e  (1) t o  ( 5 )  
and 0.57 ug o f  2-arsenosobenzamide  ( 6 ) .  
cm x 4.0 mm I . D . ;  m o b i l e  p h a s e  (1) methanol -water  (15:85), ( 2 )  
methanol-water  w i t h  0.25 mM sodium p h o s p h a t e  pH 6.5 (15:85)  
before column was exposed  t o  EDTA, (3)  and ( 6 )  methanol -water  
w i t h  0.25 mM sodium p h o s p h a t e  and 0.0125 mM sodium EDTA pH 6.7 
(15:85) ,  ( 4 )  and ( 5 )  same mobile phase  as ( 2 )  after column was 
exposed t o  EDTA, ( 4 )  w i t h o u t  c l e a n i n g  w i t h  water and ( 5 )  w i t h  
c l e a n i n g  w i t h  water; f l o w  rate 2.0 ml/min; d e t e c t o r  w a v e l e n g t h  
254 nm a t  0.1 a .u . f . s .  

Column Cleer S i l  ODS 25 
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24 LEADBETTER AND ALLEN 

The r e s p o n s e  of t h i a c e t a r s a m i d e  t o  water and sodium p h o s p h a t e  

was d e t e r m i n e d  before t h e  Cleer S i l  ODS column was exposed  t o  

EDTA ( F i g u r e  3 ) .  

t h i a c e t a r s a m i d e  was q u a n t i t a t i v e l y  h y d r o l y z e d  t o  

p a r s e n o s o b e n z a m i d e .  

however, t h e  pronounced p e c u l i a r  skewing  on t h e  f r o n t  o f  t h e  

p a r s e n o s o b e n z a m i d e  peak d i s t o r t e d  t h i s  measurement. 

m a x i m u m  i n h i b i t i o n  of on-column h y d r o l y s i s  was o b s e r v e d  w i t h  

both EDTA and sodium phosphate  i n  t h e  mobile p h a s e ;  t h i s  

produced t h e  smallest q u a n t i t y  of p a r s e n o s o b e n z a m i d e  detected. 

The r e s u l t i n g  c h r o m a t o g r a p h i c  p r o f i l e  showed t h e  largest 

n o n - r e t a i n e d  peak c o n t a i n i n g  t h i a c e t a r s a m i d e  and t h e  smallest 

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

Without  c l e a n i n g  t h e  column w i t h  water, t h e  mobile phase  was 

changed t o  c o n t a i n  sodium phosphate  a l o n e .  The 

p-arsenosobenzamide d e t e c t i o n  was similar t o  t h a t  o b t a i n e d  w i t h  

EDTA and sodium phosphate  i n  t h e  mobile p h a s e ;  however ,  t h e  

non-re ta ined  peak was smaller and t h e  br idge larger. The column 

was t h e n  c l e a n e d  w i t h  water and r e - e a u i l i b r a t e d  w i t h  t h e  sodium 

p h o s p h a t e - c o n t a i n i n g  m o b i l e  phase .  The detected 

- p-arsenosobenzamide i n c r e a s e d  a p p r o x i m a t e l y  two-fold; c l e a n i n g  

t h e  column w i t h  water was n e c e s s a r y  t o  remove r e s i d u a l  EDTA. 

Again, t h e  EDTA bound t o  t h e  r e v e r s e d - p h a s e  p a c k i n g  material w a s  

able t o  i n h i b i t  on-column h y d r o l y s i s  of' t h i a c e t a r s a m i d e .  

Without  i o n i c  modifiers i n  t h e  mobile p h a s e ,  

Sodium phosphate  decreased t h e  h y d r o l y s i s ;  

The 
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HYDROLYSIS OF THIACETARSAMIDE 25 

DISCUSSION 

The i n h i b i t i o n  of on-column h y d r o l y s i s  of t h i a c e t a r s a m i d e  is 

v e r y  s e n s i t i v e  t o  mobi le  p h a s e  c o m p o s i t i o n  and r e v e r s e d - p h a s e  

p a c k i n g  material. The p r o c e d u r e  d e v e l o p e d  t o  a n a l y z e  

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

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

and p h o s p h o r i c  a c i d ,  be c a r e f u l l y  a d j u s t e d  t o  a v o i d  f u s e d  p e a k s  

and a c h i e v e  p a r t i a l  r e s o l u t i o n  of t h i a c e t a r s a m i d e  and 

- p-arsenosobenzamide ( 3 ) .  The b e s t  r e s u l t s  were o b t a i n e d  w i t h  

t h e  Zorbax C-8 column. 

produced b e t t e r  peak s h a p e s ;  however ,  t h e  h y d r o l y t i c  r e a c t i o n  

was n o t  e l i m i n a t e d  ( F i g u r e  3 ) .  T h i s  c o n t r a s t s  w i t h  t h e  b e h a v i o r  

of hop b i t t e r  a c i d s ,  where b o t h  peak s h a p e  and r e c o v e r y  were 

improved by u s i n g  a c i d - t r e a t e d  r e v e r s e d - p h a s e  p a c k i n g  material, 

The e s p e c i a l l y  p r e p a r e d  Cleer S i l  column 

w i t h o u t  t h e  need f o r  trace metal a c t i v i t y  s u p p r e s s o r s  i n  t h e  

m o b i l e  phase  (4 ,7) .  T e t r a c y c l i n e  a n a l y s i s  at r e s i d u e  l e v e l s ,  

however, r e q u i r e d  t h e  p r e s e n c e  of EDTA i n  t h e  m o b i l e  phase  as 

well as a c i d - t r e a t e d  r e v e r s e d - p h a s e  p a c k i n g  material t o  a c h i e v e  

good r e c o v e r y  and peak s h a p e s  (6,s). Trace metal c o n t a m i n a n t s  
* 

p r o b a b l y  are i n v o l v e d  i n  t h e  h y d r o l y t i c  r e a c t i o n  of 

t h i a c e t a r s a m i d e  t o  produce  p-arsenosobenzamide.  

I n  r e v e r s e d - p h a s e  HPLC, t h e  p r i m a r y  r e t e n t i o n  mechanism i s  

b i n d i n g  t o  t h e  bonded g r o u p s ;  however, t h e  s i l i c a  s u r f a c e  is 

c a p a b l e  of a b s o r b i n g  or  r e a c t i n g  w i t h  t h e  s o l u t e  m o l e c u l e s ,  

g i v i n g  rise t o  s e c o n d a r y  r e t e n t i o n  mechanisms (9,lO). S i n c e  t h e  
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26 LEADBETTER AND ALLEN 

hydrophobic  bonded g r o u p s  are p o o r l y  wet ted  by t h e  v e r y  i o n i c  

mobile p h a s e s  u s e d ,  t h e y  p r e f e r e n t i a l l y  i n t e r a c t  w i t h  each 

o t h e r ,  p r o v i d i n g  e x p o s u r e  t o  t h e  s i l i c a  s u r f a c e .  Very p o l a r  o r  

i o n i c  m o l e c u l e s  l i k e  thiacetarsamide e a s i l y  p e n e t r a t e  between 

t h e  bonded g r o u p s  and i n t e r a c t  w i t h  s e c o n d a r y  b i n d i n g  s i tes  a t  

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

r e t e n t i o n  s i tes  c a t a l y z e d  t h e  h y d r o l y s i s  o f  thiacetarsamide t o  

- p-arsenosobenzamide. 

- p-arsenosobenzamide , i t  was r e t a i n e d  and e l u t e d  w i t h  a r e t e n t i o n  

time between t h e  r e t e n t i o n  times of t h i a c e t a r s a m i d e  and 

E-arsenosobenzamide,  p r o d u c i n g  a b r i d g e  between t h e  two 

compounds. U n p r o t e c t e d ,  t h i a c e t a r s a m i d e  h y d r o l y z e d  i n s t a n t l y  a t  

t h e  b e g i n n i n g  of t h e  column and e l u t e d  w i t h  a r e t e n t i o n  time 

i d e n t i c a l  t o  t h a t  of p a r s e n o s o b e n z r n i . d e .  

Once t h i a c e t a r s a m i d e  was h y d r o l y z e d  t o  

The measurement of t h e  parsenoSobenzami .de  c o n t e n t  of 

t h i a c e t a r s a m i d e  s o l u t i o n s  was i n f l u e n c e d  by t h e  b r idge  r e g i o n  

produced d u r i n g  a n a l y s i s .  S i n c e  t h e  br idge r e g i o n  was more 

pronounced w i t h  t h e  Zorbax C-8 t h a n  t h e  Cleer S i l  O D S  column, 

larger d i s t o r t i o n s  were o b s e r v e d  i n  t h e  area measurements  w i t h  

t h e  Zorbax C-8 column. The peak w i d t h  fo r  p-arsenosobenzamide  

detected i n  thiacetarsamide s o l u t i o n s  was wider t h a n  fo r  

- p-arsenosobenzamide s o l u t i o n s ,  t h u s  i n f l u e n c i n g  t h e  area and 

h e i g h t  measurements .  

c a l c u l a t e d  from t h e  h e i g h t  and area measurements  d i f f e r s  as a 

r e s u l t  of t h e s e  d i s t o r t i o n s ,  t h e  t r e n d s  are i d e n t i c a l  ( T a b l e  

2 ) .  As p r e v i o u s l y  r e p o r t e d ,  w i t h  b o t h  i o n i c  modifiers i n  t h e  

Although t h e  e -arsenosobenzamide  c o n t e n t  
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HYDROLYSIS OF THIACETARSAMIDE 27 

mobile p h a s e ,  p - a r s e n o s o b e n z a m i d e  c o n t e n t  c a l c u l a t e d  from h e i g h t  

data  was more c o n s i s t e n t  t h a n  t h a t  o b t a i n e d  w i t h  area data  ( 3 ) .  

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

was o b s e r v e d  w i t h  t h e  h e i g h t  d a t a  b u t  n o t  w i t h  t h e  area d a t a .  

The i n h i b i t i o n  of  h y d r o l y s i s  by EDTA, e i t he r  i n  t h e  m o b i l e  p h a s e  

o r  bound t o  t h e  column p a c k i n g  material, was c l e a r l y  r e f l e c t e d  

i n  b o t h  m e a s u r e m e n t s  of p - a r s e n o s o b e n z a m i d e  c o n v e r s i o n .  

The s i l i c a  u s e d  i n  r e v e r s e d - p h a s e  p a c k i n g  material i s  

v a r i a b l e  ( l o ) ,  i n c l u d i n g  t h e  q u a n t i t y  and  v a r i e t y  of metals 

(11). The s i l i c a  p r o d u c e d  pH d i f f e r e n c e s  i n  a q u e o u s  s o l u t i o n s  

( 1 2 ) ,  and t h i s  v a r i a b i l i t y  h a s  a n  i n f l u e n c e  on s o l u t e  r e t e n t i o n  

and c a t a l y t i c  r e a c t i v i t y .  

c o n d i t i o n s  t h a t  s h o u l d  r e d u c e  r e a c t i o n  w i t h  t h i a c e t a r s a m i d e .  

Cleer S i l  s i l i c a  was e x t e n s i v e l y  washed w i t h  acid t o  remove 

d i v a l e n t  c a t i o n s .  EDTA was t i g h t l y  bound t o  b o t h  r e v e r s e d - p h a s e  

p a c k i n g  materials, b e i n g  e l u t e d  o n l y  w i t h  1 0 0 %  water. An EDTA 

d e r i v a t i v e ,  bound t o  a s i l i c a  i o n - e x c h a n g e  s u r f a c e ,  also 

r e q u i r e d  100% water t o  remove it ( 1 3 ) .  

c h r o m a t o g r a p h i c  e q u i p m e n t ,  and  t h e  d e r i v a t i z a t i o n  r e a g e n t  u s e d  

t o  p r e p a r e  t h e  r e v e r s e d - p h a s e  p a c k i n g  material c o u l d  a l l  

i n t r o d u c e  r e a c t i v e  trace metal c o n t a m i n a n t s  t o  t h e  s i l i c a  

s u r f a c e  ( 5 ) .  R e v e r s e d - p h a s e  p a c k i n g  material c a n  b e h a v e  as a 

c a t i o n - e x c h a n g e  r e s i n ;  t h e  r e s i d u a l  s i l a n o l s  bond s t r o n g l y  t o  

trace metal c a t i o n s ,  e s p e c i a l l y  i r o n  and magnesium ( 1 4 ) .  The 

on-column h y d r o l y t i c  r e a c t i o n  of t h i a c e t a r s a m i d e  was i n h i b i t e d  

by the p r e s e n c e  of t race metal a c t i v i t y  s u p p r e s s o r s ,  w h i c h  

Z o r b a x  s i l i c a  p r o d u c e d  acid 

The m o b i l e  p h a s e ,  t h e  
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28 LEADBETTER AND ALLEN 

probably in t e rac t  w i t h  secondary retent ion s i t e s  containing 

t race  metal contaminants. 
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