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NUCLEOSIDES & NUCLEOTIDES, 8(5&6), 923-926 (1989) 

SY"EESIS AND ANTIHERPESVIRUS ACTIVITY OF (S)-1-((3-HYDROXY-Z-PHOSPHON- 
ntiETHoXY)PROPYI.)CrrOSINE (WHPC) AND RELBTED NUCLEOTIDE ANALOGUES 

John C. Martin, Joanne J. Bronson, Robert R. Webb 11, 
Michael M. J. Hitchcock, and Ismail Ghazzouli 

5 Research Parkway, Wallingford, Connecticut 06492 
Bristol-Myers Pharmaceutical Research and Development Division, 

Abstract. Of a series of phosphonate nucleotide analogues, HPMPC 
(2) showed the greatest in vivo therapeutic index against herpes simplex 
viruses. 

The discovery by De Clercq and Holy of (S)-9-((3-hydroxy-2- 

phosphony1methoxy)propyl)adenine (1, HPMPA) as a potent and broad 

spectrum antiviral agent provided a lead to a new class of nucleotide 

analogues which are structurally characterized as phosphonylmethyl 
1 ethers. HPMPA was found to be active in vitro against B variety of DNA 

viruses including herpes simplex virus types 1 and 2 (HSV 1 and Z), 
cytomegalovirus (CMV), varicella-zoster virus (VZV), and adenovirus. 

In addition, the activity of HPMPA against HSV 1 in mice indicated that 
this polar substance has sufficient penetration into cells to exert a 

beneficial effect in vivo. Additional studies have further detailed 

the in vitro activity of HPMPA against herpes viruses, Epstein-Barr 

virus, edeno~irus,~ African swlne fever virus,5 and seal herpesvirus 

and the in vivo efficacy in a rabbit model against a thymidine' kinase 

deficient strain of HSV 1.7 

of 2'-deoxyadenylic acid, and it's mechanism of action to involve two 

phosphorylations to a triphosphate analogue which then inhibits the 

virus DNA polymerase. 

1 

6 

HPMPA has been proposed to be an analogue 

8 

The in vitro antiviral activities of the other 2'-deoxynucleotide 
n 

analogues, HPMPC (2), HPMPG (3), and HPMPT (4), have been reported.L 
Like HPMPA, HPMPC and HPMPG show activity against HSV I, HSV 2, CMV, and 
VZV, but HPMPT is inactive. HI'MPG has also been reported to be ten fold 

more potent than acyclovir n extending survival time in a mouse HSV 1 

model. 9 

923 

Copyright 0 1989 by Marcel Dekker, Inc. 
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9 24 MARTIN ET AL. 

2, HPMPC 3, HPMPG 4, HPMPT 

We have c a r r i e d  o u t  mu l t i g ram syntheses and compara t ive  b i o l o g i c a l  

e v a l u a t i o n  o f  t h e  t h r e e  a c t i v e  members o f  t h i s  s e r i e s ,  HPMPA, HPMPC, and 

HPMPG. 

RESULTS AND DISCUSSION 

Ho ly  and Rosenberg" and we'' have p u b l i s h e d  syntheses o f  HPMPA. 

The syn thes i s  o f  HPMPC proceeded f rom (S) -1-Q-benzy lg lycero l  l2 which 

was p r o t e c t e d  t o  g i v e  a l c o h o l  5 (90 %). 
tosyloxymethylphosphonate/THF f o l l o w e d  by aqueous a c e t i c  a c i d  and then  

rnesyl chloride/triethylamine/CH2C12 f u r n i s h e d  mesy la te  6 (50 %). 

A l k y l a t i o n  o f  c y t o s i n e  cesium s a l t  i n  DMF w i t h  6 a f f o r d e d  7 i n  67 % 

y i e l d .  

cyclohexene, e thano l ,  r e f l u x )  and e s t e r  c leavage (TMS-bromide, DMF) 

gave a 52 % y i e l d  o f  HPMPC. 

t h e  key r e a c t i o n  be ing  t h e  a l k y l a t i o n  o f  6-g-benzylguanine w i th  6. 

React ion  o f  5 w i t h  NaH/d ie thy l  

D e p r o t e c t i o n  o f  7 by t r a n s f e r  hyd rogena t ion  (20 % Pd(OH)2, 

HPMPG was prepared i n  an analogous manner, 

5 6 7 2 

HPMPC was t h e  l e a s t  t o x i c  o f  t h i s  s e r i e s  o f  compounds showing no 
e f f e c t  i n  mice dosed i . p .  o r  p . 0 .  w i t h  200 mg/kg/day f o r  f i v e  days. I n  
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SYNTHESIS AND ANTIHERPES ACTIVITY OF HPMPC AND ANALOGUES 925 

TABLE 1. X Survival of Treated Mice Iffected 
with Herpes Simplex Virus Type 2 

Dose, mg/kg/day HPMPC, i . p .  

200 loo*  

100 loo*  

10 l o o *  

1 60* 

0 . 1  40* 

Placebo Con t ro l  0 

ACV, i . p .  HPMPC, p.0. ACV, p .0 .  

l o o *  90" 50* 

20 70* 10 

10 30 0 

5 

aMice were i n o c u l a t e d  i . p .  w i t h  HSV 2 (G). Treatment was 
i n i t i a t e d  3 h p o s t - i n f e c t i o n  and g i ven  t w i c e  a day f o r  5 days. 
* i n d i c a t e s  a conf idence o f  <.05 by t h e  F i s c h e r , e x a c t  t e s t .  
The i . p .  da ta  i s  a combina t ion  of  two exper iments.  

c o n t r a s t ,  HPMPA e x h i b i t e d  t o x i c i t y  a t  a dose by t h e  i . p .  r o u t e  of 100 

mg/kg/day, and t h e  t o x i c  dose f o r  HPMPG was 10 mg/kg/day. 

found t o  show excep t iona l  i n  v i v o  potency a g a i n s t  HSV 2, Tab le  1. When 

g i ven  i . p . ,  t h i s  compound r e s u l t e d  i n  a s i g n i f i c a n t  r e d u c t i o n  i n  

m o r t a l i t y  a t  a dose of 0 . 1  mg/kg/day and p rov ided  complete p r o t e c t i o n  a t  

10 mg/kg/day. Complete p r o t e c t i o n  w i t h  a c y c l o v i r  was ach ieved a t  a much 

h i g h e r  dose o f  200 mg/kg/day. T h i s  h i g h  potency o f  HPMPC r e l a t i v e  t o  

a c y c l o v i r  was s u r p r i s i n g  s ince  HPMPC i s  5-10 t imes l e s s  a c t i v e  than 

a c y c l o v i r  a g a i n s t  HSV 2 i n  v i t r o .  

HPMPC was l e s s  e f f i c a c i o u s  by t h e  o r a l  r o u t e  but s t i l l  showed a po tency  

s u p e r i o r  t o  t h a t  o f  a c y c l o v i r .  

has been thought  t o  be 1 i m i t e d . l 3  

phosphonate mo ie ty  c o u l d  r e t a r d  up take  by c e l l s .  The s u r p r i s i n g l y  h i g h  

HPMPC was 

Probab ly  because o f  l ow  absorp t i on ,  

The u t i l i t y  o f  phosphonate n u c l e o t i d e  analogues as a n t i v i r a l  agents  

The a n i o n i c  cha rac te r  o f  t h e  
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926 MARTIN ET AL. 

potency o f  HPMPC i n  v i v o  r e l a t i v e  t o  i t s  i n  v i t r o  a c t i v i t y  demonstrate 

t h a t  these t y p e s  o f  compounds have s u f f i c i e n t  c e l l u l a r  p e n e t r a t i o n  i n  

v i v o  t o  m e r i t  e v a l u a t i o n  f o r  c l i n i c a l  u t i l i t y .  

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8.  

9 .  

10 
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