
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Synthesis, Anti-Hiv Activity, and Biological Properties of 2',3'-Didehydro-
2',3'-Dideoxythwidine (d4T)
John C. Martina; Muzammia M. Mansuria; John E. Starrett Jr.a; Jean-Pierre Sommadossib; Vera
Brankovana; Ismail Ghazzoulia; H-T. Hoa; Michael J. M. Hitchcocka

a Bristol-Myers pharmaceutical Research and Development Division, Wallingford, Connecticut b

Department of Pharmacology, University of Alabama at Birmingham, Birmingham, Alabama

To cite this Article Martin, John C. , Mansuri, Muzammia M. , Starrett Jr., John E. , Sommadossi, Jean-Pierre , Brankovan,
Vera , Ghazzouli, Ismail , Ho, H-T. and Hitchcock, Michael J. M.(1989) 'Synthesis, Anti-Hiv Activity, and Biological
Properties of 2',3'-Didehydro-2',3'-Dideoxythwidine (d4T)', Nucleosides, Nucleotides and Nucleic Acids, 8: 5, 841 — 844
To link to this Article: DOI: 10.1080/07328318908054226
URL: http://dx.doi.org/10.1080/07328318908054226

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318908054226
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 8 ( 5 & 6 ) ,  841-844 (1989) 

SYNTHESIS, ANTI-HIV ACTIVITY, AND BIOLOGICAL PROPERTIES OF 
2' ,3'-DIDEHYDRO-2' ,3'-DIDEOXYTHWIDINE (D4T) 

John C.  Mar t i n ,  Muzammia M. Mansuri,  John E. S t a r r e t t  Jr., 
Jean-P ier re  Sommadossi, Vera Brankovan, I s m a i l  Ghazzoul i ,  

H-T. Ho, and Michael  J. M. H i t chcock  

B r i s to l -Myers  pharmaceut ical  Research and Development D i v i s i o n ,  
5 Research Parkway, Wa l l i ng fo rd ,  Connect icu t  06492 and 

Department o f  Pharmacology, U n i v e r s l t y  o f  Alabama a t  Birmingham, a 

Birmingham, Alabama 35294 

Abstract, 
a g a i n s t  HIV comparable t o  t h a t  o f  AZT b u t  i s  l e s s  t o x i c  t o  a v a r i e t y  o f  
c e l l  l i n e s  i n c l u d l n g  human hemopoiet ic p r o g e n i t o r  c e l l s .  

D4T i s  a thymid ine  analogue wi,th an i n  v i t r o  potency 

The m a j o r i t y  o f  commercial and exper imental  drugs f o r  t h e  t rea tment  

o f  v i r a l  i n f e c t i o n s  have been nuc leos ide  analogues. For  AIDS, t h e  d rug  

AZT (z idovud ine)  i s  t h e  o n l y  agent approved t o  da te . '  
seen i n  AIDS p a t i e n t s  t r e a t e d  w i t h  AZT i n c l u d e  anemia which can r e q u i r e  
t r a n s f u s i o n s  and neut ropen ia  t h a t  o f t e n  fo rces  d i s c o n t i n u a t i o n  o f  

t rea tment .2  
t rea tmen t  o f  A IDS i s  t o  i d e n t i f y  those substances which c o u l d  have a 

s u p e r i o r  t h e r a p e u t i c  index compared t o  AZT. 

3-6 and has been r e p o r t e d  t o  have a comparable potency a g a i n s t  HIV. 
Large sca le  syn thes i s  o f  D4T has been c a r r i e d  o u t  t o  a l l o w  f o r  t h e  
d e t a i l e d  b i o l o g i c a l  e v a l u a t i o n  o f  t h i s  p romis ing  an t i -H IV  substance. 

The t o x i c i t i e s  

The goal  f o r  t h e  development o f  new compounds f o r  t h e  

D4T i s  a thymid ine  d e r i v a t i v e  which i s  s i m i l a r  i n  s t r u c t u r e  t o  AZT 
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D4 T azT 

RESULTS AND DISCUSSION 

A syn the t i c  procedure f o r  t h e  p repara t i on  o f  D4T t h a t  was descr ibed 
7 by Horwitz e t  a l .  

prepared. 

c a r r i e d  o u t  as descr ibed t o  g i v e  t h e  product i n  98 % y i e l d  by a 

s t ra igh t fo rward  i s o l a t i o n  procedure. 

t reatment o f  1 w i t h  aqueous NaOH. 

pure product which was obta ined i n  74 % y i e l d  a f t e r  r e c r y s t a l l i z a t i o n  

from ethanol .  

The f i n a l  r e a c t i o n  (2  t o  D4T) was the  scale l i m i t i n g  step o f  t he  

Horwitz procedure because o f  t h e  i n s t a b i l i t y  o f  D4T under the cond i t i ons  

o f  evaporat ion o f  DMSO a t  e levated temperatures. D4T i s  heat and base 

s e n s i t i v e  and decomposes by a mechanism presumably i n v o l v i n g  
deprotonat ion o f  the 4'-H t o  g i ve  a fu ran  d e r i v a t i v e  and thymine. 

f i n a l  step o f  t h e  base cata lyzed e l i m i n a t i o n  o f  t he  oxetane must be 

c a r r i e d  o u t  q u i c k l y  t o  avoid decomposition o f  the product .  

i d e a l  so lvent  because the  r e a c t i o n  remained homogeneous a l l o w i n g  f o r  

r a p i d  conversion. To avoid the  evaporat ion procedure, t h e  potassium 

s a l t  o f  D4T was simply p r e c i p i t a t e d  from the  r e a c t i o n  m ix tu re  by 
a d d i t i o n  o f  toluene, c o l l e c t e d  by f i l t r a t i o n ,  and red i sso l ved  i n  w a t e r .  

D4T was c r y s t a l l i z e d  by n e u t r a l t z a t i o n  t o  pH 7 w i t h  HC1. 

r e d i s s o l u t i o n  o f  t he  s o l i d  i n  h o t  acetone, f i l t r a t i o n ,  and evaporat ion,  

D4T was i s o l a t e d  i n  57 % y i e l d .  

was mod i f i ed  so t h a t  l a r g e r  q u a n t i t i e s  could be 

S t a r t i n g  from thymidine t h e  format ion o f  d imesylate 1 was 

Oxetane 2 was produced by the 

A c i d i f i c a t i o n  w i t h  HC1 a f fo rded  t h e  

The 

DMSO was an 

A f t e r  
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The ant i -HIV and c y t o t o x i c  a c t i v i t i e s  o f  D4T were compared t o  AZT. 

The two substances showed comparable potency a g a i n s t  HIV 1 (LAV s t r a i n )  

as i n d i c a t e d  by t h e  r e d u c t i o n  o f  p24 a n t i g e n  i n  H I V  i n f e c t e d  CEM c e l l s .  

D4T was o n l y  s l i g h t l y  l e s s  t o x i c  than AZT t o  t h e  CEM c e l l s .  

a ma jor  d i f f e r e n c e  was seen when t h e  t o x i c i t i e s  o f  D4T and AZT were 

assayed i n  human hemopoiet ic p r o g e n i t o r  c e l l s .  Th i s  assay i s  thought  t o  

p r o v i d e  some p r e d i c t a b i l i t y  o f  t h e  p o t e n t i a l  o f  a nuc leos ide  analogue t o  

induce neut ropen ia  and anemia i n  t h e  c l i n i c  . D4T was 100 f o l d  l e s s  

t o x i c  t o  granulocyte-monocyte p recu rso rs  (CFU-GM) and s l i g h t l y  l e s s  

t o x i c  t o  e r y t h r o i d  p recu rso rs  (BFU-E) (Tab le  1). 

Because o f  t h e  l a c k  of a p r e d i c t i v e  animal model f o r  AIDS, 

b iochemica l  s tud ies  can p r o v i d e  impor tan t  i n d i c a t i o n s  f o r  p o s s i b l e  

c l i n i c a l  e f f i c a c y .  The mechanism o f  a c t i o n  o f  nuc leos ide  analogues 

a g a i n s t  H I V  i n v o l v e s  enzymatic phosphory la t i on  o f  t h e  analogue t o  a 

t r i p h o s p h a t e  spec ies  which then i n h i b i t s  t h e  v i r u s  enzyme reve rse  

However, 

a 

TABLE 1. ANTI-HIV ACTIVITY AND CELLULAR TOXICITIES OF D4TAND AZT 

D4T 

AZT 

H I V  C EM 

0.15 90 

0.10 29 

100 

1 

BFU-E 

10 

6.7 
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844 MARTIN ET AL. 

transcriptase (RT) and thus virus replication. 
triphosphates of D4T and AZT was assayed using poly(rA):oligo(dT) as 
the RNA template/primer pair. The results demonstrated that the 
triphosphates of D4T and AZT are potent inhibitors o f  the enzyme with 
K i ' s  of 0.032 and 0.007 uM, respectively. 
relative to the Km o f  5 uM for thymidine triphosphate. 

unlike AZT,' the monophosphate of D4T does not accumulate. 
monophosphate is efficiently metabolized to D4T triphosphate. After 

removal of D4T from the medium, the concentration of the triphosphate 
form of D4T diminished with a long half-life of 190 minutes. The 

persistence of the triphosphate may justify dosing only twice a day in 

Inhibition of RT by the 

These affinities are high 

A study of the phosphorylation of 3H-D4T in CEM cells showed that, 
Instead, the 

the 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

8. 

9. 

clinic. 
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