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NUCLEOSIDES & NUCLEOTIDES, 6(1&2), 65-72 (1987) 

SYSTEMATIC SYNTHESIS AND BIOLOGICAL EVALUATION OF 
a- AND 

F I V E  NATURALLY OCCURRING NUCLEIC ACID BASES 
6-D-XYLO- AND LYXOFURANONUCLEOSIDES OF THE 

G. G o s s e l i n  1 , M.-C. Bergogne 1 , J . - L .  Imbach I* , 
J. De Rudder 2 and E. De C l e r c q  3 . 

’ Laboaato&e de Chimie Biooaganique, UA CNRS 4 8 8 ,  

2SynthU.ubo,  92350 Le P l e b b A - R o b i i M o v t  (FtanceJ ; 
3Reg(z 7uzd.titLLte d o t  Medical Re.de(Mch, Kathof ieke  
U n i v m L t e L t  leuwen, 8-3000 Leuwen (Bdgique)  . 

U.S.T.L., 34060 MonttxLLcm Cedex (Fhance) ; 

A b b L t a o t .  The a- and 6-0-Xylofuranosy l  and -1yxo fu ranosy l  analogues o f  
t he  f i v e  n a t u r a l l y  o c c u r r i n g  n u c l e i c  a c i d  bases have been t h e  s u b j e c t  o f  
a sys temat i c  s y n t h e s i s  and examinat ion o f  some o f  t h e i r  b i o l o g i c a l  p r o -  
p e r t i e s ,  i . e .  a n t i v i r a l ,  a n t i m e t a b o l i c  and c y t o s t a t i c  a c t i v i t i e s .  

I n t r o d u c t i o n .  D u r i n g  t h e  l a s t  decades t h e r e  has been c o n s i d e r a b l e  i n t e r e s t  

i n  nuc leos ides m o d i f i e d  on t h e  sugar  mo ie ty  as p o t e n t i a l  a n t i v i r a l  and 

a n t i t u m o r  agents.’ I n  o r d e r  t o  d e f i n e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  we 

i n i t i a t e d  a comprehensive program t o  s y s t e m a t i c a l l y  s tudy  anomeric !-pen- 

t o f u r a n o s y l  nuc leos ides .  2’3Here we presen t  r e c e n t  r e s u l t s  conce rn ing  the 

s y n t h e s i s  and some b i o l o g i c a l  p r o p e r t i e s  o f  anomeric g - ~ y l o - . ~  and -1yxo- 

furanonucleos ides.  
5 

Chemistry. 

I n  accord w i t h  Baker ’ s  r u l e , 6  condensat ions o f  s u i t a b l y  p r o t e c t e d  

Z’-O-acyl-E-pentofuranoses - and p u r i n e  o r  p y r i d i m i n e  bases were employed 

t o  p repare  these trans-1’,2’ nucleos ides.  As s t a r t i n g  sugars we used 

in te rchangeab ly  1-~-acetyl-2,3,5-tri-~-benzoyl-a-~-xylofuranose [Ll 
o r  1,2-di-0-acetyl-3,5-di-~-benzoy~-a-~-xylofuran~se - (2) - ” i n  t h e  x y l o s e  

s e r i e s  and tetra-0-acetyl-a-0-lyxofuranose [31 ” i n  t h e  l y x o s e  s e r i e s .  

7-9 
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N 1 : R = B t ;  ~ : R = A c  
Condensation 

GOSSELIN ET AL. 

with aglycon 

A c o l $ A c 2 p  OAc 

3 
N 

t 

or  Base 
12 - 1,9 I 

N 4 - z  i)R or 
C b O N a / C H 3 0 H  NH3/ChOH I 

t 
“ l @ O H i  Base “ O w B a s e  or 

2-E dH 22 - 

-SCHEME -1- 

G l y c o s y l a t i o n s  were e f f e c t e d  by t h e  b e s t  p r o c e d u r e s  f o u n d  i n  t h e  

l i t e r a t u r e  f o r  e a c h  a g l y c o n .  A l l  p r o t e c t e d  B-D-xylo- 4-9 a n d  a- l ) - lyxofu-  

r a n o n u c l e o s i d e s  15-19 were i s o l a t e d  i n  m o d e r a t e  t o  s a t i s f a c t o r y  y i e l d s  

a f t e r  p u r i f i c a t i o n  by s i l i c a  g e l  co lumn c h r o m a t o g r a p h y  (Tab& I ) .  Removal 

of  t h e  a c y l  b l o c k i n g  g r o u p s  w i t h  m e t h a n o l i c  ammonia o r  m e t h a n o l i c  s o d i u m  

m e t h o x i d e  t h e n  a f f o r d e d  t h e  d e s i r e d  u n p r o t e c t e d  d e r i v a t i v e s  10-14, 20-24. 

A priori, t h r e e  m e t h o d s  c a n  b e  e n v i s a g e d  i n  t h e  two ser ies  f o r  t h e  

p r e p a r a t i o n  o f  t h e s e  cis-1’,2’ n u c l e o s i d e s  : a1 g l y c o s y l a t i o n  w i t h  a s u i -  

t a b l y  p r o t e c t e d  D - x y l o -  o r  l y x o f u r a n o s e  h a v i n g  i n  i ts  2-0- p o s i t i o n  a 

n o n - p a r t i c i p a t i n g  g r o u p  I b )  c o n s t r u c t i n g ,  a s  i n  o t h e r  s e r i e s . l 7  t h e  

h e t e r o x y c l i c  m o i e t y  f r o m  a - 0 - x y l o s e  o r  l y x o s e  d e r i v a t i v e  p o s s e s s i n g  a 

2 - o x a z o l i n e  r i n g  f u s e d  i n  t h e  cis-1’,2’ c o n f i g u r a t i o n  I c l  e p i m e r i s a t i o n  

of t h e  2 ’  o r  3 ’ - p o s i t i o n ,  r e s p e c t i v e l y  of a a - 2 - l y x o -  o r  a - ) - r i b o f u r a n o -  

n u c l e o s i d e  d e r i v a t i v e  i n  t h e  x y l o s e  series a n d  o f  a B-0-xylo-  o r  $-0-ara- 

b i n o f u r a n o n u c l e o s i d e  d e r i v a t i v e  i n  t h e  l y x o s e  series. We d i s c a r d e d  t h e  

f i rs t  p o s s i b i l i t y  owing t o  i t s  l a c k  o r  r e g i o s e l e c t i v i t y  a n d  s t e r e o s p e c i -  

f i c i  t y .  

c o n s i d e r e d  .4  A s  s t a r t i n g  m a t e r i a l s ,  t h e  xylofuranothioxooxazolidine 1s) 

- - 

I n  t h e  x y l o s e  series (Scheme 2 ) ,  t o t a l  s y n t h e s i s  a p p r o a c h e s  were 
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13- AND &D-XYLO- AND LYXOFURANONUCLEOSIDES 67  

THBLE 1. P r e p a r a t i o n  o f  B-D-Xylo- a n d  a-g-Lyxofuranonucleosides. 

N-9 +ne oh N-1  pyhi-  
midi n e pko  tec.tFd nucleo Stahting 

pocedwrea 

4 72 % 1 1 Thymine 1 A - 

15 6 0  % - I A  2 1 Thymine 

33 % 

[ +  N-7 i s o m e r ,  

Un,ototected nucleonicfed 

E 1 2  7 7  % - 

E 1 4  7 0  % - 

E 24 6 1  % - 

a A - =  HMDS, TMSC1, SnCI4  / CH3CN :" B = SnC14/CH3CN : ''I3 C = TNSTF/ 
C1CH,CH2C1 :I4 

A f t e ;  s i l i c a  g e l  column c h r o m a t o g r a p h y  o u r i f i c a  i o n  w i t h  a p p r o p r i a t e  
e l u e n t s .  
11-7 i s o m e r  c o u l d  b e  a c h i e v e d  o n l y  a f t e r  s e l ec t ive  Z'-!-deacetylation 
6y h y d r a z i n e  h $ t d r a t e .  

0 = BSA, TMSTF/CH3CN.15.1fi 

E = CH Ol\la/CH30H : F = NH3/CH O H .  2 S e p a r a t i o n  f r o m  i t s  3 3 
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68 GOSSELIN ET AL. 

0 - D -Xylose 

NH2 CN \ 
0 NH2 

L! 

HO 
+ 

a n d  t h e  2 - a m i n o o x a z o l i n e  Cg) were p r e p a r e d  f r o m  g - x y l o s e .  F o r  t h e  s y n -  

t h e s i s  o f  a - l ) - x y l o f u r a n o s y l  p u r i n e  n u c l e o s i d e s ,  2 was f i r s t  t r a n s f o r m e d  

t o  t h e  a -Xylo  A I C A  d e r i v a t i v e  Z - a n d  t h e n  c y c l i z e d  t o  a - x y l o A  ('8) a n d  

a-XyloG w i t h  m i n o r  m o d i f i c a t i o n  of p u b l i s h e d  p r o c e d u r e s  i n  o t h e r  

se r ies .  F o r  t h e  s y n t h e s i s  o f  a - D - x y l o f u r a n o s y l  p y r i m i d i n e  n u c l e o s i d e s .  

- 26 was t r a n s f o r m e d  t o  a-XyloU (301 v i a  t h e  P_ ,g -anhydro-?-a-F-xylofurano- 
s y l u r a c i l .  a-XyloU was t h e n  c o n v e r t e d  i n  a -XyloT [311 b y  Mannich  

r e a c t i o n  w i t h  f o r m a l d e h y d e  a n d  p i p e r i d i n e ,  a n d  i n  a -XyloC (32) by arnina-  

t i o n  o f  i t s  4 - t h i o  d e r i v a t i v e .  

2 2  

I n  t h e  l y x o s e  series, b u i l d i n g  t h e  h e t e r o c y c l i c  m o i e t y  was e x c l u d e d  
Ib- 

owing t o  t h e  f a i l u r e  o f  Q - l y x o s e  t o  c y c l i s e  t o  a p e n t o f u r a n o o x a z o l i n e .  

2 1  Thus  we t u r n e d  t o  a n o t h e r  a p p r o a c h ,  c o n s i s t i n g  o f  a 2 ' - s e l e c t i v e  o x i -  

d a t i o n  o f  a s u i t a b l y  p r o t e c t e d  8-0-xylofuranonucleoside, f o l l o w e d  by 

r e d u c t i o n  o f  t h e  i n t e r m e d i a t e  2 ' - k e t o  d e r i v a t i v e  w i t h  s o d i u m  b o r o h y d r i d e  

(Scheme 3 )  . 5  As 3 ' , 5 ' - g - p r o t e c t i n g  g r o u p s ,  t h e  TPOS group o f  M a r k i e w i c z  

was c o n s i d e r e d  t h e  b e s t  c h o i c e  i n  v i e w  o f  i t s  h i g h  3 l . 5 '  s e l e c t i v i t y .  Oxi-  

d a t i o n  of t h e  3 ' , 5 ' - ~ - ( T P D S )  d e r i v a t i v e s  33 was e f f e c t e d  u s i n g  t h e  

P f i t z n e r - M o f f a t t  r e a g e n t  lDMSO/DCCl w i t h  d i c h l o r o a c e t i c  a c i d  a s  t h e  p r o t o n  

22 
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cd AND &D-XYLO- AND LYXOFURANONUCLEOSIDES 69 

l,o- 12 

source.23 P u r i f i c a t i o n  o f  t h e  f u r a n - Z ' - u l o s i d e s  34 was n o t  atternptnd and 

t h e  crude r e a c t i o n  m i x t u r e s  were d i r e c t l y  t r e a t e d  w i t h  sodium bo rohydr ide  

a t  O°C. The expected p r o t e c t e d  B-g-lyxofuranonucleosides S were i s o l a t e d  

i n  moderate y i e l d s  a f t e r  s i l i c a  g e l  column chromatography. O e s i l y l a t i o n  

o f  35 was achieved w i t h  TBAF i n  THF and gave t h e  d e s i r e d  B-0- lyxofurano-  

nuc leos ides  z6- a f t e r  chromatographic p u r i f i c a t i o n .  

- 

S t r u c t u r a l  assignments f o r  a l l  anomeric g - x y l o -  and l yxo fu ranonu-  

c l e o s i d e s  were based on e lemen ta l  a n a l y s i s  and t h e i r  p h y s i c a l  p r o p e r t i e s .  

F o r  p r e v i o u s l y  desc r ibed  compounds, o u r  d a t a  were i n  accord w i t h  l i t e r a -  

t u r e  va lues,  except  f o r  a - X y l o A ( S 1 .  
24 

B i o l o g i c a l  e v d l u a t i o n .  4 , s  

A l l  t h e  prepared c1- and 8-0-xy lo-  and l yxo fu ranonuc leos ides  26-32, 

10-14. 20-24 36a-e were eva lua ted  i n  vitro a g a i n s t  v a r i o u s  v i r u s e s  [DNA 

v i r u s e s  : herpes s i m p l e x - I  and 2 ,  v a c c i n i a  ; (?)RNA v i r u s e s  = r e o v i r u s - l i  

(+)RNA v i r u s  = rh ino -1A  and 9, s i n d b i s .  semliki f o r e s t ,  coxsackie-84, 

p o l i o - 1  ; (- )RNA v i r u s e s  : v e s i c u l a r  s t o m a t i t i s ,  p a r a i n f l u e n z a - 3 )  i n  

- 

--- 
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GOSSELIW ET AL. 70 

f o u r  c e l l  systems [ p r i m a r y  r a b b i t  k idney,  Hela, A f r i c a n  green monkey 

k idney  (Vero 8) and human d i p l o i d  (WI-38) c e l l s ) .  From these  s t u d i e s  i t  

i s  apparent t h a t  f o u r  compounds, namely 6-XyloA ( 1 3 1 ,  B-XyloG (141 ,  
B-XyloC (2-1 and a-LyxoA ( 2 1  e x h i b i t e d  s i g n i f i c a n t  a n t i v i r a l  a c t i v i t y  

a g a i n s t  DNA v i r u s e s .  The a n t i h e r p e t i c  a c t i v i t y  o f  6-XyloA (131 
B-XyloG [?I2' has been p r e v i o u s l y  noted as have been t h e  a n t i t u m o r  p r o -  

p e r t i e s  o f  13. 2 9 - 3 1  We have a l s o  a s c e r t a i n e d  t h a t  13 and fi brough t  

about  a marked suppress ion o f  t h e  p r o l i f e r a t i o n  o f  mouse myeloma c e l l s  

SP2 ;4 however i n  v i v o  LO 

found r a t h e r  l o w .  

2 5 , 2 7  and 

( 5 0  % l e t h a l  dose1 o f  t hese  compound was 
50 

Most p romis ing  were 0-XyloC ( 1 1 1  and a-LyxoA [GI. In v i t r o ,  none 

of t hese  two compounds caused a m i c r o s c o p i c a l l y  d e t e c t a b l e  a l t e r a t i o n  o f  

h o s t - c e l l  morphology a t  a c o n c e n t r a t i o n  o f  200 or 400 pg/ml. fl-XyloC (11) 
e x h i b i t e d  a d i s t i n c t  a n t i v i r a l  a c t i v i t y  a g a i n s t  DNA v i r u s e s  (HSV-1 and 2, 

v a c c i n i a )  and a-LyxoA [GI a g a i n s t  t h e  same DNA v i r u s e s  and a l s o  a g a i n s t  

one (+)RNA v i r u s  [ c o x s a c k i e l  and one (-)RNA v i r u s  [pa ra in f l uenza-31 .  In 
v i v o  11 and 23 were remarkably  n o n t o x i c  : LOs0 > 2 g/kg, and t h e y  p r o -  

t e c t e d  h a i r l e s s  ( h r / h r l  mice a g a i n s t  s e v e r a l  parameters [ l e s i o n s ,  para-  

l y s i s  and dea th ]  o f  a cutaneous HSV-1 or HSV-2 i n f e c t i o n .  Furthermore, 

f i n d i n g s  w i t h  a r a t h e r  sma l l  number ( s i x )  o f  an imals  p e r  group i n d i c a t e  

t h a t  these two compounds m i g h t  be e f f e c t i v e  a g a i n s t  h e r p e t i c  e n c e p h a l i t i s  

i n  mice a t  s u b t o x i c  doses. 

A l though p r e l i m i n a r y ,  o u r  r e s u l t s  p o i n t  t o  t h e  e f f e c t i v e n e s s  o f  

6-XyloC ( 2 1  and a-LyxoA (231 i n  v a r i o u s  i n f e c t i o n  models. A d d i t i o n a l  

s t u d i e s  have been planned now t o  e s t a b l i s h  b o t h  t h e  b a s i s  o f  t h e  a n t i v i -  

r a l  a c t i v i t y  and t h e  chemotherapeutic potency o f  t hese  two compounds. 

A b b r e v i a t i o n s  : Bz. benzoyl  ; Ac. a c e t y l  ; HMDS, hexamethy ld i s i l azane  ; 

TMSC1, t r i m ~ t h y l c h l o r o s i l a n e  I TMSTF, t r i m e t h y l s i l y l  t r i f l u o r o m e t h a n e -  

s u l f o n a t e  ; BSA, b i s ( t r i r n e t h y l s i l y 1 )  acetamide ; TBDMS, t e r t - b u t y l d i m e -  

t h y l s i l y l  ; TPOS, 1,1,3,3-tetraisopropyldisiloxane-l,3-diyl ; OMSO, d i -  

m e t h y l s u l f o x i d e  ; OCC, _ -  N.N'-dicyclohexylcarbodiimide ; TBAF, t e t r a - n - b u  

tylamrnonium f l u o r i d e  ; THF. t e t r a h y d r o f u r a n .  
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