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ELECTROCHEMICAL ANALYSIS OF 3 '  -AZIDOTHYMIDINE (AZT) 

Barbara Czochralska, Bozena Sapok and David Shugar 

Warsaw, Zw i rk i  i Wigury 93, 02-089 Warsaw, POLAND 
Department o f  Biophysics, I n s t i t u t e  o f  Experimental Physics, U n i v e r s i t y  o f  

Abst ract  : 3 - A z i  do-3' -deoxythymi d i  ne (AZT) exhi b i  t s  a two-el e c t r o n  d i f f u s i o n -  
? G G T l e d  polarographic  reduc t i on  wave, w i t h  conversion t o  3 '  -amino-3'-deoxy- 
thymidine. The mechanism of reduct ion,  a n a l y t i c a l  and c l i n i c a l  app l i ca t i ons ,  and 
i t s  use f o r  one-step synthes is  o f  amino from az ido nucleosides, are described. 

The thymidine analogue 3'-azido-3'-deoxythymidine (AZT); a potent  i n h i b i t o r  
O f  r e t r o v i r u s e s  and human immunodeficiency v i r u s  ( H I V ) ,  i s  c u r r e n t l y  c l i n i c a l l y  

approved f o r  treatment o f  se lected p a t i e n t s  w i t h  A I D S  and AIDS-related complex 
( 1 ) .  However, the source(s) o f  i t s  t o x i c  s i d e - e f f e c t s  remains t o  be c l a r i f i e d ,  
and lends i n t e r e s t  t o  s tud ies of i t s  chemical and biochemical r e a c t i v i t i e s .  
Th io l  reduc t i on  of a l k y l  and a r y l  azides, long known, has been shown, i n  t h e  
case o f  AZT, t o  lead t o  conversion t o  the 3'-amino-3'-deoxy congener (2 ) .  

I n  a con t inua t ion  o f  s tud ies on e lect rochemical  reduc t i on  o f  pu r ine  and 

py r im id ine  analogues (3) ,  we have found t h a t  AZT i s  r e a d i l y  reduced a t  t he  drop- 
p ing  mercury e lect rode.  With bo th  d.c. polarography and d.p.p. ( d i f f e r e n t i a l  

pu lse polarography), AZT e x h i b i t s  a d i f f u s i o n - c o n t r o l l e d  two-e lect ron r e d u c t i o n  

wave over the pH range 2 - 12. Dependence o f  the half-wave p o t e n t i a l  (E,/2) and 
l i m i t i n g  c u r r e n t  ( I  ) o f  the reduc t i on  wave o f  AZT i s  shown i n  Fig.1. The h e i g h t  

o f  the wave i s  l i n e a r l y  dependent on the AZT concentrat ion,  p e r m i t t i n g  o f  i t s  
a n a l y t i c a l  determinat ion i n  aqueous medium by d.p.p. i n  t h e  range 1 x t o  

9 

2 x M. 
E l e c t r o l y s i s  o f  AZT (as we l l  as AZdU) conducted on M s o l u t i o n s  b u f f e -  

red a t  pH 7 a t  a p o t e n t i a l  of -1.1 V, was accompanied by disappearance of t h e  
cathodic  wave a t  
a t  = -0.15 V ,  i d e n t i c a l  t o  t h a t  e x h i b i t e d  by 3'-deoxy-3'-aminothymidine. 

The i n i t i a l  UV absorpt ion maximum o f  t he  s o l u t i o n  a t  266.5 nm s h i f t e d  f rom 266.5 
nm t o  265 nm, the  minimum from 234.5 nm t o  233 nm, and t h e  r a t i o  o f  maximum t o  
minimum f rom 4.5 t o  4.0,  t he  f i n a l  spectrum corresponding t o  3'-deoxy-3'-amino- 
thymidine, f u r t h e r  confirmed by appearance chromatographica l ly  ' o f  a s i n g l e  pro-  

duct w i  t h  the mobi 1 i t y  of au then t i c  3 '  -deoxy-3 ' -ami nothymi d i  ne. 

= -1.05 V ,  w i th  simultaneous appearance o f  an anodic wave 
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From the  he igh t  o f  the anodic wave 
ElI2 = -0.15 V f o r  3'-deoxy-3'-ami- 
nothymidine, and the spect ra l  chan- 

ges accompanying format ion o f  t h i s  
product  f rom AZT, the r e a c t i o n  was 

u -  v i r t u a l l y  q u a n t i t a t i v e  (96-98%). 

Furthermore, e l e c t r o l y s i s  o f  AZT 
LO i n  a c i d  medium (pH 2 )  t u rns  ou t  t o  

be a convenient procedure f o r  t he  
0.9 1 arge-sca 1 e preparat ion o f  3 '  -deo- 
D d ' " ' ' ' ~ ' ' ~ .  0 xy-3'-aminothymidine, probably ap- 

p l i c a b l e  more genera l l y  t o  one- 
-s tep conversion o f  various azido 

nucleosides t o  t h e i r  amino der.ivat- 
i v e s  , as i n  the case o f  reduc t i on  
of az ido d e r i v a t i v e s  o f  cinnamic 
ac ids (4 ) .  

- €4  tv) I g ( P A )  

- 3  

- 

- 

I 2  I 6 I I0 I? 

PH 

F ig .  1 : pH-dependence of  half-wave po- 

t e n t i a l  (El,*, -0-e-)  and l i m i t i n g  c u r -  
r e n t  ( I  -0-0-1 o f  ( 2  x I O - ~  M) AZT. 

9 '  

A n a l y t i c a l  determination. Levels o f  AZT were determined by d.p.p. i n  0.1 M 
phosphorate b u f f e r  pH 7. I n  aqueous medium the he igh t  o f  the reduc t i on  peak was 

l i n e a r l y  dependent on AZT concentrat ion over the  range 

serum samples, f o l l o w i n g  depro te ina t i on  w i t h  t r i c h l o r a c e t i c  ac id ,  n e u t r a l i z a t i o n  
w i t h  1 M NaOH, and 10 - fo ld  d i l u t i o n  w i t h  0.1 M phosphate b u f f e r ,  the lower d e t -  
e c t i o n  l i m i t  was 5 x 

KC1 p r i o r  t o  polarography, the lower l i m i t  o f  d e t e c t i o n  being then a l s o  
5 x 

M - M. With 

M. Samples o f  u r i n e  were d i l u t e d  10 - fo ld  w i t h  0.1 M 

M. Attempts t o  improve s e n s i t i v i t y  a re  under way. 
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