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NUCLEOSIDES & NUCLEOTIDES, 4 (1&2) ,  221-223 (1985) 

D - X Y L O  A N D  LYXOFURANONUCLEOSIDES R E V I E W E D  : SOME S U G G E S T I O N S  - 
O N  T H E  M E C H A N I S M  OF A C T I V I T Y  OF A N T I V I R A L  NUCLEOSIDES 

J.  D e  Rudderx, J.  Lec le rc ,  M .  Merc ie r  ( I n s t i t u t  RonchPse, BP 126, 
Zone I n d u s t r i e l l e ,  33501 Libourne,  France) and G .  Gosse l in ,  J . L .  
Imbach (Labora to i r e  de  Chimie Bio-Organique, USTL, 34060 Montpe l l i e r  
France) 

INTRODUCTION : D-Xylo and Lyxofuranonucleosides have no t  been ex tens ive-  

l y  s t u d i e d .  Therefore  i n  o rde r  t o  perform a sys t ema t i c  S t ruc tu re -Ant iv i -  

ra l  A c t i v i t y  Re la t ionsh ip  of t he  nuc leos ide  ana logs  w e  have f i r s t  synthe- 

s i z e d  t h e i r  a and P anomers, some of them be ing  unknown o r  t h e i r  s t r u c -  

t u r e  doubt fu l  i n  t h e  l i t e r a t u r e .  

D-Lyxofuranonucleosides 
HO 

D-Xylofuranonucleosides - 
R = H ,  R 2  = base  --C 

aAenine o r  guanine and I - cy tos ine ,  thymine o r  u r a c i l )  
= base ,  R2 = H-+ B anomer ; R I anomer (base = 9- 

Here we p r e s e n t  r e s u l t s  concerning t h e  a n t i v i r a l  e f f e c t  of t h e s e  

ana logs  i n  c e l l  c u l t u r e  a s  w e l l  as a s says  of r e v e r s i o n  of t h i s  e f f e c t  by 

n a t u r a l  nuc leos ides .  With d a t a  c u r r e n t l y  a v a i l a b l e  i n  the  l i t e r a t u r e  f o r  

o t h e r  compounds, it seems p o s s i b l e  t o  formula te  some remarks on t h e  r e l a -  

t i o n s h i p  between the  chemical s t r u c t u r e  and t h e  a n t i v i r a l  a c t i v i t y  of  

nuc leos ide  ana logs  

RESULTS : ANTIVIRAL ACTIVITY and ASSAYS OF REVERSION OF THE ANTIHERPETIC 

ACTIVITY OF 2-XYLO and LYXOFURANONUCLEOSIDES ( v i r u s  c u l t i v a t e d  on Hela 

c e l l s  a t  a h igh  m u l t i p l i c i t y  of i n f e c t i o n  ; analogs  always used a t  t he  

uniform concen t r a t ion  of  0.1 mg/ml. Na tu ra l  a n t a g o n i s t  nuc leos ides ,  when 

used, a r e  a t  a 10-fold h i g h e r  concen t r a t ion ,  i . e .  I .O mg/ml). 
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1 )  ANTIVIRAL ACTIVITY : 

- All tested analogs were inactive on a positive-stranded RNA-virus 
(Pol io-2)  and on a negative-stranded RNA-virus (Vesicular Stomatitis 

Virus). 

- Four analogs showed good activity on a DNA-virus (Herpes Simplex 
Virus type I )  : 9-6-Q-xylofuranosyladenine and guanine (B-2-XyloA and G ) ,  

1-8-1-xylofuranosylcytosine (@-&-xyloC) and 9-cl-~-lyxofuranosyladenine 

(a-g-lyxoA) . 
2 )  REVERSION OF THE ANTIHERPETIC ACTIVITY of the four active 

analogs : 
- 6-g-XyloA was reversed by Adenosine (not by Z'-deoxyadenosine) and 

a-D-LyxoA was reversed by Thymidine, Uridine or Z'-deoxycytidine ; this 
denotes a competitive mechanism. 

- B-D-XyloG and 8-Il-XyloC were not reversed by any of  the natural 

nucleosides tested. 

DISCUSSION : The results so far shown and other data from the literature 

seem to suggest some remarks concerning the relationship between the 

chemical structure and the antiviral activity of nucleoside analogs. 

I )  PURINE NUCLEOSIDE KINASES (Virus induced Purine Nucleoside 
Kinases are not known-Involved purine kinases must be cellular) : 

- To be a Substrate for Adenosine or Deoxyadenosine Kinases &The base 

must be Adenine and the sugar anomeric form must be 6.  
. For Adenosine Kinase the sugar must bear on C-2' an OH-trans relati- 

vely to the base (Ex : B-2-XyloA and 3'-deoxyA). 

. For Deoxyadenosine Kinase the sugar must fulfil two negative condi- 
tions : no OH-Trans on C-2' and no OH-Cis on C-3' (Ex : 6-2-AraA, 2 ' , 3 ' -  

dideoxyA) . 
- The situation is different for Guanosine and Deoxyguanosine Kinases 
since : 1 )  6-g-AraG has practically no biological activity, and 2) 6-2- 
XyloG has a potent antiviral and cytostatic effect which is irreversible. 

2) PYRIMIDINE NUCLEOSIDE KINASES : The scheme i s  more compli- 

cated due to the occurrence of virus induced enzymes which are interve- 
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- D-XYLO AND LYXOFURANONUCLEOSIDES 223  

n ing  concur ren t ly  t o  c e l l u l a r  enzymes. For i n s t a n c e  : a )  Herpes,  Pox and 

Adenovirus have virus-coded Thymidine Kinase.  b )  Not only  Thymidine b u t  

a l s o  P-:-2'-deoxyC, A r a C  and T ,  a-g-LyxoA and Acyclovir could be subs- 

t r a t e  f o r  t he  Herpe t i c  Thymidine Kinase.  So t h e  base  i s  no t  necessa ry  a 

pyrimidine b u t  i s  na tu re  i s  depending from the  s t r u c t u r e  of t h e  suga r  : 

Guanine i n  Acyclovi r ,  Adenine i n  a-g-LyxoA. 

3) POLYMERASES : When phosphoryla t ion  can  p rocess  up t o  the  

5 ' - t r i phospha te s ,  t hese  l a s t  compounds can behave as i n h i b i t o r  o r  subs- 

t ra te  f o r  RNA and /o r  DNA Polymerases. To d a t e ,  most of subs t ances  having 

shown an  a n t i v i r a l  e f f e c t  s o l e l y  a c t s  o n  the  m u l t i p l i c a t i o n  of DNA v i r u -  

s e s .  Only few nuc leos ide  ana logs ,  always wi th  t h e  B-D-Rib0 - conf igu ra t ion ,  

a r e  s u b s t r a t e  f o r  v i r a l  RNA Polymerases. 

CONCLUSION : The r epor t ed  d a t a  l e t  us  b e l i e v e  t h a t  nuc leos ide  ana logs  

a c t i v e  on RNA v i r u s e s  could  ve ry  probably  be found only  observ ing  one o r  

bo th  of t h e  fo l lowing  c o n d i t i o n s  : 

. Modified base  w i t h  B-D-Ribose. - 

. Modified o r  n a t u r a l  base  wi th  a sugar  having a s p a t i a l  c o n f i g u r a t i o n  

similar t o  P-2-Ribose ( 2 '  and 3'-groups i n  Trans w i t h  regard  to aglyco- 

n e ) .  Ex : 2 '  as  3'-amino a s  2',3'-diaminoRibose ; perhaps dihydroxypro- 

pylNucleosides . 
be cons idered  a s sugges t ions  t o  be f u r t h e r  confo r t ed  by exper iments .  

-- 

We are wanting t o  stress t h a t  ou r  conc lus ion  must D
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