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CHEMICAL SYNTHESIS OF FULLY AND PARTIALLY XYLOADENOSINE- 
SUBSTITUTED 2',5'-OLIGOADENYLATES DESIGNED AS NEW POTENTIAL 

ANTIVIRAL AND ANTITUMOR AGENTS 

* 
Sophie HUSS, Gilles Gosselin, Alain Pompon and Jean-Louis Imbach 

L a b o r a t o i r e  d e  C h i m i e  B io -Orqan ique ,  U.A. n o  488 d u  

C.N.R.S., Universit4 d e s  S c i e n c e s  e t  T e c h n i q u e s  d u  

Languedoc ,  P l a c e  Eugene B a t a i l l o n ,  34060 M o n t p e l l i e x  

Cedex ,  France .  

ABSTRACT. 
Seven 2',5'-oligoadenylate analogues containing 9-B-g-xylofuranosyl- 

adenine (xyloaadenosine, XyloA) at the 2'-end or at other positions were 
synthesized by the phosphotriester method. These new analogues, from 
dimer to tetramers, exhibit antiproliferative activity which is probably 

due to their degradation to xyloadenosine units. 

INTRODUCTION. 
The 5'-c-triphosphorylated oligoriboadenylates containing the unu- 

sual 2',5'-phosphodiester linkage (abbreviated as 2-5A) are biologically 

important substances involved in the antiviral and antiproliferative 

action of interferon. Synthesized in cells from ATP by a synthetase 

which is induced by interferon and activated by double-stranded RNA, 

2-5A activates a latent endoribonuclease which cleaves viral and cellular 

single-stranded RNA, resulting in inhibition of protein synthesis (for 
recent reviews, see Ref. I ) .  

The involvement of 2-5A as a mediator o f  interferon, as well as its 
possible role in the control of cell proliferation and differentiation, 

raised the hope that these oligonucleotides or their derivatives might 

be useful chemotherapeutic agents in the treatment of viral and neoplas- 
tic diseases.' Despite their demonstrated in u-&O activity, the in U ~ U O  
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276 HUSS ET AL.  

u t i l i z a t i o n  of 2-5A i s  seve re ly  l imi t ed  by two f a c t o r s  : ( I )  c e l l u l a r  

impermeability and, (2) enzymatic degrada t ion .  Due t o  t h e i r  h igh ly  ion ic  

charac te r  these  5 ' -g- t r iphosphorylated molecules  a r e  unable  t o  pene t r a t e  

i n t a c t  c e l l s  e f f e c t i v e l y .  A r t i f i c i a l  in v.ith0 methods of i n t roduc t ion ,  

such a s  calcium phosphate coprec ip i t a t ion ,  permeabi l iza t ion  i n  hyper- 

t on ic  media, l y s o l e c i t h i n  t rea tment  and mic ro in j ec t ion ,  ' have been 

success fu l ly  employed, bu t  these  r o u t e s  a r e  inadequate  f o r  r e a l i s t i c  

assessment in V i V O  chemotherapeutic p o t e n t i a l .  Rapid degrada t ion  of 

i n t r a c e l l u l a r  2-5A t o  5 I - W  and ATP by 2 ' -phosphodiesterase and 2',3'- 
exoribonuclease accounts  f o r  t h e i r  observed t r a n s i e n t  b i o l o g i c a l  e f f e c t s .  

To circumvent these  d i f f i c u l t i e s  a t tempts  have been made t o  improve 

both c e l l u l a r  permeabi l i ty  and metabol ic  s t a b i l i t y .  Since t h r e e  AMP resi- 

dues i n  2-5A a r e  requi red  f o r  maximal a c t i v i t y ,  

d e a l t  wi th  t r imer i c  e n t i t i e s .  

most a t tempts  have 

Removal of the 5 '<- t r iphosphate  group may enhance c e l l u l a r  permea- 

b i l i t y .  Accordingly, va r ious  syntheses  of t he  5'-nonphosphorylated mole- 

cu le s ,  r e f e r r e d  t o  a s  2-5A cores ,  have been publ ished.  They have invol-  

ved e i t h e r  unambiguous d i r e c t  s y n t h e s i s  8-22 o r  a l k a l i n e  phosphatase 

t reatment  of chemical ly  23-29 o r  enzymat ica l ly  29 synthes ized  2-5A. The 

cores ,  which occur n a t u r a l l y  i n  mammalian t i s s u e s ,  a s  w e l l  hs i n  y e a s t  

and b a c t e r i a ,  can be  s i g n i f i c a n t l y  increased  by i n t e r f e r o n  t rea tment  of 

v i r a l l y  in fec t ed  c e l l s .  30-33 Added exogenously t o  i n t a c t  c e l l s ,  t he  

2-5A co res  exh ib i t  a v a r i e t y  of e f f e c t s ,  34-55 among which the  most i n -  

t e r e s t i n g  a r e  an t imi togenic  34-40 and a n t i v i r a l  43-47 a c t i v i t i e s .  Since 

these  cores  a r e  i n a c t i v e  a s  i n h i b i t o r s  of p r o t e i n  s y n t h e s i s  i n  c e l l - f r e e  

e x t r a c t s ,  and ne i the r  a c t i v a t e  nor bind t o  the  2-5A-dependent endoribo- 

nuclease,  56'57  i t  was o r i g i n a l l y  be l ieved  t h a t  they e x e r t  t h e i r  a c t i o n  
only  a f t e r  i n t r a c e l l u l a r  5'-phosphorylation t o  2-5A and subsequent a c t i -  

v a t i o n  of the  endoribonuclease.  36'59 However more r e c e n t  i n v e s t i g a t i o n s  

have shown t h a t  t he  b i o l o g i c a l  e f f e c t s  of t h e  co res  a r e  not  the  conse- 
quence of a c t i v a t i o n  of t h i s  enzyme. 39,40,49,50,59,60 Rather, the  ob- 

served a c t i v i t i e s  might o f t e n  r e s u l t  from degrada t ion  of t h e  co res  t o  

monomeric u n i t s .  T3is suppos i t ion  was f u r t h e r  supported by the  demons- 

t r a t i o n  t h a t  t h e  a n t i p r o l i f e r a t i v e  a c t i o n  of t he  n a t u r a l  trimeric core  

is r e l a t e d  t o  i t s  degrada t ion  by serum phosphodiesterases .  61 

The problem of enzymatic degrada t ion  has  been approached by introdu-  

c ing modi f ica t ions  on the  cores  o r  t he  2-5A, e i t h e r  i n  the  r ibose  o r  

adenine moie t i e s ,  o r  a t  the  terminal o r  i n t e r n u c l e o t i d i c  phosphates .  

These modi f ica t ion  have been c a r r i e d  out  a t  the  2'-end o r  i n  a l l  u n i t s .  
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be more potent than t h e i r  paren t  2-5A o r  co res .  

Some of these  analogues have been found to  

I n  a preliminary communication we have repor ted  the  syn thes i s  of the  

2 ' ,5 '- l inked t r imer i c  core  of 9-B-g-xylofuranosyladenine (Fig.  1 ,  2). 
96 This  compound, f o r  which t h e  conformational a n a l y s i s  has  been d e s c r i -  

bed, 97 has proven r e s i s t a n t  t o  hydro lys is  by c e l l - f r e e  e x t r a c t  39 and 

by homogeneous poly(A)-specific 2' ,3 '-exoribonuclease,  98 Furthermore i t  

i s  a potent i n h i b i t o r  of DNA syn thes i s  39 and herpes v i r u s  growth. 

Addi t iona l ly  i t  has been shown t h a t  t he  a c t i v i t y  of t h i s  compound does 

not involve  a c t i v a t i o n  of t he  2-5A-dependent endoribonuclease,  and t h a t  

i t s  mechanism of a c t i o n  involves i t s  degrada t ion  to monomeric u n i t s .  
101 

99 

100, 

The present  paper desc r ibes  the d e t a i l e d  chemical syn thes i s  and 

cha rac t e r i za t ion  of 5 , a s  w e l l  a s  s i x  new 2-5A core  d e r i v a t i v e s  conta i -  

ning xyloadenosine e i t h e r  a t  the 2'-end or  a t  o the r  p o s i t i o n s  (F ig .  I ) .  

RESULTS AND DISCUSSION.  

The s t r a t e g y  followed f o r  the  chemical synthes is  of t h e  des i r ed  

o l igonucleo t ides  la-lg was based on the  modified solution-phase phospho- 

t r i e s t e r  method. I o 2  F i r s t  the proper ly  pro tec ted  monomeric bu i ld ing  

blocks i n  the  xylose s e r i e s  (4 and 2, Scheme 1 )  and the  r ibose  s e r i e s  

(E, 5, Scheme 2) were prepared and then condensed to g ive  the  f u l l y  

pro tec ted  2'-5'-linked dimers (6, Scheme 1 

s e l e c t i v e  removal of t he  5'-OH o r  2'-phosphate p ro tec t ing  groups allowed 

f u r t h e r  condensations to  the  f u l l y  pro tec ted  oligomers (8, lo, 21-24, 

Scheme 1-3 ) .  These l a t t e r  were then deblocked t o  a f fo rd  the  unprotected 

dimer 5, t r imers  &, g, 
cha rac t e r i zed .  

; 16, Scheme 2 ) .  Sequent ia l  

and te t ramers  &, 2, & which were f u l l y  

Pro tec t ing  groups and prepara t ion  of monomers. 

A successfu l  scheme f o r  t h e  synthes is  of 2 ' ,5 ' -o l igonucleo t ides  re- 

qu i r e s  a j ud ic ious  choice of s e l e c t i v e  p ro tec t ing  groups. Of p a r t i c u l a r  

importance i s  t h e  need t o  d i f f e r e n t i a t e  between the  two v i c i n a l  hydroxyl 

func t ions  (2 ' , 3 ' )  of the r i b o s e  and xylose moie t i e s .  

I n  our s t r a t e g y ,  the 5'-hydroxyl func t ions  of the  nuc leos ides  were 

temporarily pro tec ted  wi th  monomethoxytrityl groups (mMTr) and the  o the r  

pos i t i ons  (3'-OH and exocyclic MI ) were blocked by benzoylation (Bz). 

Phosphorus p ro tec t ion  was accomplished wi th  t h e  2-chlorophenyl group i n  
2 
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0 f2*-;-o I 

L 
A 

1, 
VHO y* - 0 - P - 0  

b 
HO 

la, R1 = OH, R 
[XyloAL'p XyloAl ; )I , R I  = OH, R 
(2'+5')-xyloadenylyl-~2'~5')-xyloadenos~ne~(XyloA2'p)2XyloA~ ; , R 1  = 

OH, R2 = H, x = 0, y = 2 : xyloadenylyl-~2'~5')-xyloa~~n~~Iyl-~Z'~5')- 

xyloadenylyl-(2'-+5')-xyloadenosine ((Xyl0A'2'p)~Xyl0Al ; 3, R I  = H, R2 = 

OH, x = 0, y = I : adenylyl-(2'+5')-xyloadenylyl-(2'+5')-xyloadenosine 

[AZ'p XyloA2'p XyloAl ; 2, R I = H, R2 = OH, x = 1 ,  y = 0 : adenylyl- 

(2'15')-adenylyl-(2'+5')-xyloadenosine [(A2'pA)2XyloAl ; If. R = H. R = 

OH, x = I ,  y = 1 : adenylyl-(2'+5')-adenylyl-(2'+5')-xyloadenylyl-(2'+5')- 

xyloadenosine (A2'pA)2XyloA2'pXyloAl ; &, R, = H, R2 = OH, x = 2, y = 0 : 

adenylyl-(2'+5')-adenylyl-(2'~5')-adenylyl-(2'+5')-xyloadeno~ine((A2'pA)~ 

XyloAl 

= H, x = y = 0 : xyloaden~lyl-(2'+5')-xyloadenosine 2 - 
= H, x = 0, y = 1 : xyloadenylyl- 2 

I 2 

i n t e r n u c l e o t i d i c  l i n k a g e s  as w e l l  a s  t h e  2-cyanoethyl group i n  r i b o n u c l e e  

t i d e  u n i t s  conta in ing  2' -phospho t r ies te r  s u b s t i t u t i o n .  

I n  the  x y l o s e  series, t h e  te rmina l  u n i t  4 and t h e  monomer 5 (Scheme 

1 )  were prepared as previous ly  d e s c r i b e d .  lo3-For t h e  r i b o s e  series, t h e  

key in te rmedia te  829104  (Scheme 2) w a s  synthes ized  from adenosine by 

the  method of Engels. l o4  Phosphorylat ion of 

phoryl d i t r i a z o l i d e  i n  p y r i d i n e  I o 5  occurred r e a d i l y  wi thout  any d e t e c t a -  

b l e  migra t ion .  Subsequent a d d i t i o n  of 2-cyanoethanol gave t h e  f u l l y  pro- 

t e c t e d  ribomononucleotide 13, i s o l a t e d  by s h o r t  s i l i c a  g e l  column chroma- 

w i t h  2-chlorophenyl phos- 
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I 

OBz 

tography i n  73 % y i e l d .  Compound 2 was s e l e c t i v e l y  decyanoethyla ted  by 

t r e a t m e n t  w i t h  t r i e t h y l a m i n e - p y r i d i n e  

i t  was a l s o  d e t r i t y l a t e d  wi th  p- to luenesul fonic  a c i d  (PTS) i n  chloroform/ 

m e  thano 1 '07 t o  produce t h e  free 5'4H 3 ' - p h o s p h o t r i e s t e r  Is. Both of  

these  monomers (2 and 2) were e a s i l y  i s o l a t e d  a f t e r  column chromato- 

graphy i n  91 and 81 % y i e l d s  r e s p e c t i v e l y  (Table  1 ) .  

t o  g i v e  t h e  phosphodies te r  14; 

P r e p a r a t i o n  of t h e  f u l l y  p r o t e c t e d  o l i g o n u c l e o t i d e s .  

Our g e n e r a l  s t r a t e g y  f o r  t h e  s y n t h e s i s  of 2 ' ,5 ' -ol igomers  r e q u i r e d  

b u i l d i n g  of o l i g o n u c l e o t i d e  cha ins  from t h e  2'- t o  t h e  5'- p o s i t i o n .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



280 HUSS ET A L .  

NHPZ 

HO OH 

- 11 mMTrO 

-. -. rnMTrO *.+ 
B Z O  0 

12 - 

- S c h e m e  2 - 

Thus the  method involved r e a c t i o n  between a Z'-phosphodiester interme- 

d i a t e  and t h e  5'-OH f u n c t i o n  of a n u c l e o s i d e  o r  o l i g o n u c l e o t i d e  compo- 

nent ,  i n  t h e  presence of a n  a c t i v a t i n g  a g e n t .  Owing t o  i t s  s t a b i l i t y  and 
108 e f f i c i e n c y ,  1 -(mesitylene-2-sulfonyl)-3-nitro-l, 2 , 4 - t r i a z o l e  (MSNT) 

was chosen as t h e  a c t i v a t i n g  a g e n t .  S o l u t i o n s  of t h e  triethylammonium 

s a l t s  of the  2 ' -phosphodiester  d e r i v a t i v e s  (2, 3, 17 o r  0) and t h e  

f r e e  5'-OH compounds (6, 7, 2, - 15 o r  E) t r e a t e d  w i t h  2 .5  molar  equiva- 

l e n t s  of MSNT i n  anhydrous p y r i d i n e  a t  room tempera ture  gave t h e  f u l l y -  

p r o t e c t e d  ol igomers  (5, X-, %, 16, 19, 2 1 - 2 4 ) .  The p r o d u c t s ,  ob ta ined  as 
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1 1  

BzO 

n 
BzO 0 

Po- Cl kx 
R =mMTr '1 

Ez 

rnMTrO -QjA 

I 
- BzO q- 

Cl 

x = OCH2CH2CN h - 1 6  n = l  - 

CHCl , I MeOH3 PTS' 

18 n = l  

pyr id ine 

+ 

R = mMTr 

- 

19 n - 2  - 

R = mMTr 
20 n = 2  - 

X = 0- RNEt 

mixtures  of d i a s t e r e o i s o m e r s  due  t o  t h e  c h i r a l i t y  of t h e  phosphorus 

t r i e s t e r s ,  were i s o l a t e d  i n  58-84 Z y i e l d s  by s i l i c a  g e l  s h o r t  column 

chromatography (Table  2 ) .  

D e t r i t y l a t e d  I, 9, 2 o r  decyanoethyla ted  E, 0 were obta ined  from 

t h e  f u l l y - p r o t e c t e d  ol igomers  6, 8, 16 and 16, c u s i n g  p - t o l u e n e s u l f o n i c  

a c i d  or t r i e t h y l a m i n e  r e s p e c t i v e l y ,  as descr ibed  above f o r  2. Relevant  

d a t a  f o r  t h e  s y n t h e s i s  and p r o p e r t i e s  of t h e s e  compounds are g i v e n  i n  

Table  1 .  
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XYLOADENOSINE-SUBSTITUTED 2',5'-OLIGOADENYLATES 

F i n a l  deblocking procedures  and c h a r a c t e r i z a t i o n  of t h e  unpro tec ted  

2 ' ,5 ' -o l igoadenyla tes  la - lg .  

S e q u e n t i a l  removal of the  p r o t e c t i n g  groups  was c r u c i a l  f o r  t h e  suc-  

c e s s  of our  s y n t h e s i s .  I n  g e n e r a l ,  t h e  s t r a t e g y  involved i n i t i a l  t r a n s -  

format ion  of t h e  p h o s p h o t r i e s t e r s  i n t o  t h e  phosphodies te rs ,  fol lowed by 

b a s i c  t rea tment  t o  remove t h e  a c y l  groups ,  and f i n a l l y  removal o i  t h e  

a c i d - l a b i l e  groups .  

I n  t h e  homogeneous xylose  s e r i e s ,  f o r  t h e  d e p r o t e c t i o n  of oligorners 

- 7 ,  8 and 2, c leavage  of t h e  2-chlorophenyl groups from phosphorus w a s  

accomplished w i t h  N 

zaldoximate lo8 i n  aqueous dioxane.  Removal of E- a s  w e l l  as 2 - benzoyl  

w i t h  aqueous ammonia was fol lowed by t r e a t m e n t  w i t h  80 % a c e t i c  a c i d  t o  

remove t h e  5 ' -~-monomethoxyt r i ty l  groups.  The mixtures  o b t a i n e d  a f t e r  

d e p r o t e c t i o n  were a p p l i e d  t o  a DEAE-Sephadex A-25 column and e l u t e d  w i t h  

a l i n e a r  g r a d i e n t  of triethylammonium b i c a r b o n a t e  t o  g i v e  t h e  pure depro- 

t e c t e d  la - lc  i n  good y i e l d s .  

c l e a s e  T2 d i g e s t i o n  29 of t h e  d e p r o t e c t e d  products  o b t a i n e d  from 21-24 by 

t h e  method d e s c r i b e d  above, showed e x t e n s i v e  i n t e r n u c l e o t i d i c  c leavage  

and i s o m e r i s a t i o n .  These s i d e - r e a c t i o n s  may have occurred  d u r i n g  t h e  r e -  

moval of t h e  a r y l  groups from phosphorus. Concomitant removal of  t h e  

3'-g-benzoyl group by 4-ni t robenzaldoximate might indeed l e a d  t o  2 '  -+ 3 '  

i s o m e r i s a t i o n  as w e l l  as c leavage .  A l t e r n a t i v e l y ,  t h e s e  s i d e - r e a c t i o n s  
116 

may a l s o  have occurred  dur ing  t h e  subsequent  b a s i c  then a c i d i c  s t e p s .  

Milder r e a c t i o n  c o n d i t i o n s  were t h e r e f o r e  sought  t o  minimize decomposi- 

t i o n .  Grea t ly  reduced i n t e r n u c l e o t i d i c  c leavage  and i s o m e r i s a t i o n  r e s u l t e d  

when t h e  p h o s p h o t r i e s t e r s  were depro tec ted  w i t h  tetrabutylammonium f l u o r i -  

de i n  tetrahydrofuran-pyridine-water log a t  room tempera ture ,  and t h e  

benzoyl  groups were removed w i t h  n-butylamine-methanol-dioxane. 

t rea tment  (1-2h) w i t h  80 Z a c e t i c  a c i d  e f f e c t e d  t h e  removal of t h e  mono- 

m e t h o x y t r i t y l  g roups .  Under t h e s e  c o n d i t i o n s ,  a f t e r  DEAE-Sephadex chrorna- 

tography, TIC  and HPLC a n a l y s i s  showed o l igomers  Id-Ig t o  be  t h e  main 

products ,  b u t  d e t e c t a b l e  amounts of o t h e r  isomers  and p o s s i b l y  s ide-pro-  

duc ts  were p r e s e n t .  Pure ol igomers  Id-lg were i s o l a t e d  a f t e r  r i b o n u c l e a s e  

T h y d r o l y s i s  29 of t h e  unwanted 3' -f 5 '  l i n k a g e s ,  fol lowed by a l k a l i n e  

phosphatase t rea tment  29 and DEAE-Sephadex chromatography. 

1 1  3 , N , N3 , N - te t ramethylguanidinium byn-4-nitroben- 

In  t h e  mixed r ibose-xylose  s e r i e s ,  HPLC and a n a l y s i s  of  t h e  r ibonu-  

B r i e f  

2 

Relevant  d a t a  f o r  t h e  unpro tec ted  o l i g o n u c l e o t i d e s  la - lg  a r e  g i v e n  i n  

Table 3. These compounds were found t o  be  p u r e  by TLC and HPLC (Table  3). 

Their  2 '  .+ 5 '  i n t e r n u c l e o t i d i c  phosphodies te r  l i n k a g e s  were c o r r o b o r a t e d  
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XYLOADENOSINE-SUBSTITUTED 2',5'-OLIGOADENYLATES 287 

1 

F I G . 2 .  Eluti.on profile of a test mixture of trimeric and tetrameric 
2',5'-oligoadenylates, as detected at 254 nm. Separation conditions (D) 
are described under Experimental. Retention times in minutes are as 

follows : ( I )  A2'p5'A2'p5'A2'p5'A1 8 .  I3 ; (2) XyloA2'p5'XyloA2'p5'XyloA 

2'p5'XyloA + A2'p5'A2'p5'XyloA2'p5'XyloA, 10.09 ; (3) A2'p5'A2'p5'AZtp 
5'XyloA, 11.05 ; (4) AZtp5'A2'p5'A, 13.65 ; (5) XyloA2'p5'XyloA2'p5' 

XyloA, 16.20 ; (6) A2'p5'AZtp5'XyloA, 17.88 ; (7) A2'p5'XyloA2'p5'XyloA, 
20.00. 

- 

by their resistance to digestion with ribonuclease T2 , and the assigned 
structures were further confimed by their complete hydrolysis to the 

expected products in satisfactory ratios with venom phosphodiesterase. 

The enzymatic digestion and W absorption data are tabulated in Table 4. 

Analysis of trimeric and tetrameric 2' ,5'-oligoadenylates in the homo- 

geneous xylose, ribose and mixed ribose-xylose series. 

The chemically synthesized 2',5'-oligoadenylates Ib-lg were analyzed 
together with enzymatically synthesized A2'p5'A2'p5'A1 

5'A2'p5'A ' I '  by reverse phase HPLC. Based on the method of P.J. Cayley, 

R.E. Brown and I . M .  Kerr for the separation of the cores of natural 

and A2'p5'A2'p 
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288 HUSS ET AL. 

2-5A,II2 we have found tha t  our  new 2 ' , 5 ' - o l i g o a d e n y l a t e s  are w e l l  re- 

solved u s i n g  a Radialpak C I 8  column 5~ and i s o c r a t i c  e l u t i o n  w i t h  10 Z 

methanol i n  4 mM potassium phosphate b u f f e r ,  pH 6.5 ( c o n d i t i o n s  D i n  

Experimental) .  

Fig.  2 d e p i c t s  a r e p r e s e n t a t i v e  chromatogram of a recombined mixture  

of Ib-lg and t r i m e r i c  and t e t r a m e r i c  n a t u r a l  2-5A c o r e s .  

CONCLUSION. 

I n  t h e  p r e s e n t  s tudy  wel l -def ined f u l l y  and p a r t i a l l y  xyloadenosine-  

s u b s t i t u t e d  2 ' ,5 ' -o l igoadenyla tes  were e f f i c i e n t l y  obcained by chemical 

s y n t h e s i s .  S ince  t h e s e  compounds are analogues of t h e  n a t u r a l  2-5A c o r e s ,  

t h e i r  a n t i v i r a l  and an t i tumor  p r o p e r t i e s  a r e  of c o n s i d e r a b l e  i n t e r e s t .  

Pre l iminary  d a t a  concerning t h e i r  b i o l o g i c a l  a c t i v i t i e s  have shown a l l  

t h e  compounds la - lg  t o  b e  e f f e c t i v e  a n t i m i t o g e n i c  and a n t i p r o l i f e r a t i v e  

a g e n t s . ' 1 3  However, a s  w i t h  t h e  n a t u r a l  2-5A c o r e s  39,40,49,50,59-61 and 

o t h e r  a c t i v e  analogues,  6 1 ' 1 0 0 y 1 0 1 ' 1 1 4  i t  appears  t h a t  t h e i r  mode of ac-  

t i o n  does n o t  involve  i n t r a c e l l u l a r  r e p h o s p h o r y l a t i o n  and a c t i v a t i o n  of 

t h e  l a t e n t  endor ibonuclease .  Rather ,  i t  i s  l i k e l y  t h a t  our  new analogues 

owe t h e i r  b i o l o g i c a l  a c t i v i t y  t o  degrada t ion  t o  t h e i r  monomer u n i t s .  Thus ,  

t h e y  a c t  as prodrugs.  

EXPERIMENTAL. - 
General Procedures .  Evaporat ion of s o l v e n t s  was done w i t h  a r o t a r y  

evapora tor  under reduced p r e s s u r e  (water  a s p i r a t o r ) .  U l t r a v i o l e t  spec- 

t r a  (W) were recorded on a Cary 1 1 8 C  spec t rophotometer .  Pro ton  n u c l e a r  

magnet ic  resonance w a s  determined a t  ambient tempera ture  o n  a Var ian  EM 

390 spec t rometer .  Chemical s h i f t s  are  expressed i n  p a r t s  p e r  m i l l i o n  

downfield from i n t e r n a l  t e t r a m e t h y l s i l a n e .  31P NMR s p e c t r a  were recorded 

on a Bruker WP 80 DS ins t rument  a t  32.37 MHz. 3 1 P  NMR chemical s h i f t s  

( p a r t s  per  m i l l i o n )  were r e p o r t e d  r e l a t i v e  t o  e x t e r n a l  H3P04. Thin- layer  

chromatography (TLC) was performed i n  a n  ascending system on precoated 

aluminium s h e e t s  of s i l i c a  g e l  60F254 (Merck, n . 5554), v i s u a l i z a t i o n  

of products  being a accomplished by UV absorbance fol lowed by c h a r r i n g  

wi th  10 Z e t h a n o l i c  s u l f u r i c  a c i d  and h e a t i n g .  For  t h e  p r o t e c t e d  com- 

pounds, s h o r t  column chromatography was performed w i t h  s i l i c a  g e l  60H 

(Merck no 7736) under  weak n i t r o g e n  p r e s s u r e  (2 4 p s i ) .  Unprotected o l i -  

gonucleo t ides  were p u r i f i e d  by chromatography o n  DEAE-Sephadex A-25 

(Pharmacia) u s i n g  a l i n e a r  g r a d i e n t  of triethylammonium hydrogenocarbona- 

t e  (pH 7 .5) .  High-pressure l i q u i d  chromatographic  (HPLC) s t u d i e s  were 
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XYLOADENOSINE-SUBSTITUTED 2',5'-OLIGOADENYLATES 289 

c a r r i e d  o u t  on a Waters A s s o c i a t e s  u n i t  equipped w i t h  : a n  U K i n j e c t o r ,  

6000A and M-45 pumps, a M-720 s o l v e n t  programmer, a 440 UV d e t e c t o r  ope- 

r a t i n g  a t  254 nm, a R-401 d i f f e r e n t i a l  r e f r a c t o m e t e r  and a M-730 micro-  

processor -cont ro l led  d a t a  system. D i s t i l l e d  water  was f u r t h e r  p u r i f i e d  

us ing  a M i l l i - Q  ( M i l l i p o r e )  system. Organic  so lvents  were HPLC grade  from 

Fisons .  A l l  e l u e n t s  were degassed w i t h  an u l t r a s o n i c  b a t h  p r i o r  t o  u s e .  

Condi t ions  f o r  a n a l y t i c a l  HPLC (F ig .  2 and Table  3) were : C (Radialpak 

C 1 8  column 10 p, 8 m i  x 10 cm, i n  Z-nodule ; s o l v e n t  A : 2 % a c e t o n i t r i l e  

i n  O.1M ammonium a c e t a t e  b u f f e r ,  pH 5.9 ; s o l v e n t  B : 12 Z a c e t o n i t r i l e  

i n  t h e  same b u f f e r  ; g r a d i e n t  0-50 Z B i n  15 min, f low r a t e  : 3 . 0  mL/rnin); 

D (Radialpak C I 8  column 5 u ,  8 mm x 10 cm, i n  RCM 100 ; s o l v e n t  : 10 % 

methanol i n  4mM potassium phosphate b u f f e r ,  pH 6.5 ; i s o c r a t i c  condi t ions ,  

f low r a t e  0 .5  mL/min). Snake venom phosphodies te rase  (from C r o t a l u s  Duris- 

S U S ,  EC 3 .1 .4 .1)  and c a l f  s p l e e n  phosphodies te rase  (EC 3.1.16.1)  were 

from Boehringer Mannheim ; r i b o n u c l e a s e  T (EC 3.1 .27.1) and b a c t e r i a l  

a l k a l i n e  phosphatase ( type  I l l -R,  EC 3 .1 .3 .1)  were from Sigma. Enzymic 

d i g e s t i o n s  were made under s i m i l a r  c o n d i t i o n s  as p r e v i o u s l y  d e s c r i b e d ,  
29,115 

6 

2 

6 :) 

( 2 -c yanoe thy1 ) phosphate  1 (13) 
A s o l u t i o n  of i , 2 , 4 - t r i a z o l e  (2.74 g ,  40.3 m o l e )  and 2-chlorophenyl 

phosphorodichlor ida te  ( 1  .83 g ,  7.45 mmole) i n  anhydrous p y r i d i n e  (10.1 mL) 

was s t i r r e d  f o r  35 min a t  room tempera ture .  T h i s  s o l u t i o n  was added t o  

N , 3  ' -0-dibenzoyl-5 ' -0-( 4 m e t h o x y t r  i t y 1 ) a d e n o s i n e  (12) O4 (3 .0  g , 4.03 

m o l e )  which had been  p r e v i o u s l y  d r i e d  by t h r e e  co-evaporat ions w i t h  

p y r i d i n e  . The r e a c t i o n  m i x t u r e  w a s  s t i r r e d  f o r  15 m i n  and a s o l u t i o n  

of 3-hydroxypropioni t r i le  (1.15 g ,  lh .18 mmole) and l -methyl imidazole  

(1.0 g ,  12.18 mmole) i n  p y r i d i n e  (2.4 mL) was t h e n  added. A f t e r  t h e  

r e a c t i o n  w a s  complete ( 3  hours )  t h e  mixture  w a s  d i l u t e d  wi th  water  (75 

mL) and e x t r a c t e d  wi th  dichloromethane ( 3  x 75 mL) . The combined e x t r a c t s  

were washed w i t h  2 % aqueous sodium b i c a r b o n a t e  (75 mL) and water (3 x 

75 mL), d r i e d  o v e r  sodium s u l f a t e  and evapora ted .  The product  w a s  chro-  

matographed on a s i l i c a  g e l  column u s i n g  a s  e l u e n t  a s t e p w i s e  g r a d i e n t  

of methanol (0-1.5 X )  i n  dichloromethane.  The f r a c t i o n s  c o n t a i n i n g  t h e  

pure compound were pooled, evapora ted ,  and l y o p h i l i z e d  from dioxane t o  

g i v e  2 : 2.9 g (73 X )  ; 'H  NMR (CDC13) 6 2.43 ( t ,  2H, -CH2CN), 3.4-3.6 

(m, 2H, -OCH2-), 3 .66 ( s ,  3H, -0CH ), 3.9-4.2 (m, 2H, H-5',5"), 4.3-4.5 

(m, l H ,  H-4'), 5.8-6.5 (m, 3H, H - l ' ,  2 '  and 3 ' ) ,  6.6-8.2 (m,23H, a romat ic  

H + H-2 o r  H-8), 8.50 and 8.55 ( 2 s ,  l H ,  H-2 o r  H-8), 9 .5  ( b r  s, !H, NH-6). 
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31p NMR (CDC13)6 -8.17 ; - 8.28 ; UV (EtOH) Amax, nm ( E )  : 231 (43,200) ,  

278 (25,000) ; Amin, nm (€1 : 255 (16,600). 

8.33 ; p, 3.07. Found C ,  63.15 ; H, 4.36 ; N ,  8 .34 ; P,  2.97. 

- Anal. Calcd f o r  CS3 H44 N6 O,o P C 1 .  H20 : C ,  63.06 ; H, 4.59 ; N ,  

S e l e c t i v e  removal of  a-cyanoethyl  group from t h e  f u l l y  p r o t e c t e d  ribomo- 

nonucleo t ide  2 and r i b o o l i g o n u c l e o t i d e s  16 and 19. 

Compounds 12, 2 and 19 were d i s s o l v e d  i n  a s o l u t i o n  of p y r i d i n e  

(35.5 mL per  mmole of s u b s t r a t e ) ,  water (5 .5  mL/mmole) and t r i e t h y l a m i n e  

(5.5 mL/mole)  were added and t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room 

temperature  f o r  30 min. The s o l v e n t  was t h e n  removed in V ~ C U O  and t h e  

foamy r e s i d u e s  reevapora ted  w i t h  t o l u e n e  s o l v e n t  t h r e e  t i m e s .  The res i -  

dues  were chromatographed on a s i l i c a  g e l  column t o  g i v e  t h e  a r y l  phos- 

phodies te r  compounds 2, 2 and - 20. Chromatographic p r o p e r t i e s ,  y i e l d s  

and NMR d a t a  a r e  g iven  i n  Table  1 f o r  t h e  i n d i v i d u a l  compounds. 

- 

S e l e c t i v e  removal of 4 m e t h o x y t r i t y l  group from t h e  f u l l y  p r o t e c t e d  r i b o -  

mononucleotide 2 , r i b o d i n u c l e o t i d e  and x y l o o l i g o n u c l e o t i d e s  6 and 8 .  

Compounds 2, 16, 6 and 8 were d i s s o l v e d  i n  a s o l u t i o n  of 2 Z p-to- 

l u e n e s u l f o n i c  a c i d  i n  ch loroformmethanol  (7:3, CU. 15 mL p e r  mmole of 

s u b s t r a t e )  and t h e  r e a c t i o n  mixture  was s t i r r e d  a t  room temperature  f o r  

lh-3h. A f t e r  t h e  t r i t y l  

t aken  up i n  chloroform (CU.  70 mL/mmole) and s a t u r a t e d  aqueous sodium 

b i c a r b o n a t e  s o l u t i o n  (CU.  70 mL/mole) .  The aqueous l a y e r  was e x t r a c t e d  

twice wi th  chloroform (50 mL/mmole). The combined o r g a n i c  l a y e r s  were 

washed w i t h  water ,  d r i e d  over  sodium s u l f a t e ,  f i l t e r e d  and evaporated t o  

dryness .  Chromatography of t h e  r e s i d u e s  on a s i l i c a  g e l  column gave t h e  

pure d e t r i t y l a t e d  compounds c, 18, 1 and 9, which are i n d i v i d u a l l y  d e s -  

c r i b e d  i n  Table  I .  

c l eavage  was complete ,  t h e  r e a c t i o n  mixture  was 

General procedure f o r  t h e  p r e p a r a t i o n  of f u l l y  p r o t e c t e d  o l i g o n u c l e o t i d e s  

- 6,  5, 2, 16, 19, 21-24. 

P r o t e c t e d  2 ' -phosphodiester  d e r i v a t i v e s  5, 5, 17, 20 and 5 ' -hydroxyl  

components 6, I, 9, 2, '8 (0.9 m o l e  per  m o l e  of phosphodies te r )  were 

f i r s t  co-evaporated t h r e e  times w i t h  anhydrous p y r i d i n e  then  d i s s o l v e d  i n  

p y r i d i n e  (5 mL/mole) ,  and l-(mesitylene-2-sulfonyl)-3-nitro-1,2,4-tr~a- 

z o l e  (0.73 g ,  2.5 mmole/mmole) w a s  added t o  t h e  s t i r r e d  s o l u t i o n  a t  room 

tempera ture .  A f t e r  20-60 min. s a t u r a t e d  aqueous sodium b i c a r b o n a t e  ( 1  mL/ 

mmole) was added and t h e  s t i r r i n g  cont inued f o r  15 min. The r e a c t i o n  mix- 

t u r e s  were poured i n t o  s a t u r a t e d  aqueous sodium b i c a r b o n a t e  (90 mL/mmole) 
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and e x t r a c t e d  w i t h  chloroform (5  x 30 mI,/mmole). The combined chloroform 

e x t r a c t s  were d r i e d  over sodium s u l f a t e ,  f i l t e r e d  and evapora ted  t o  

d r y n e s s .  The r e s i d u e s  were reevapora ted  t h r e e  t i m e s  i n  to luene  s o l v e n t  

then  chromatographed on s i l i ca  g e l  t o  g i v e  t h e  f u l l y  p r o t e c t e d  o l igonu-  

c l e o t i d e s  6, S, 2, 2, 12, 2-2, which a r e  i n d i v i d u a l l y  descr ibed  i n  

Table 2 .  

Deblocking of f u l l y  p r o t e c t e d  x y l o o l i g o n u c l e o t i d e s  5, 8 and - 10. 

A s o l u t i o n  of t h e  o l i g o n u c l e o t i d e s  6, S and lo, byn-4-nitrobenzaldo- 
1 1 3 3  xime (35 m o l e  per  m o l e  of x y l o o l i g o n u c l e o t i d e )  and N , N , N , N -te- 

t ramethylguanid ine  (35 m o l e / m o l e )  i n  dioxane-water ( I  : 1 ,  70 m L / m o l e )  

was s t i r r e d  a t  room temperature .  Tetramethylguanidine (0.6 mmole/mole)  

was added a f t e r  5 h and t h e  deblocking was allowed t o  proceed f o r  a t o t a l  

of 2 0  h. The products  were then  concent ra ted  under  reduced p r e s s u r e  and 

t h e  r e s u l t i n g  gums were r e d i s s o l v e d  i n  aqueous m o n i a  ( d  0.92, 350 mL/ 

mmole) i n  a p r e s s u r e  b o t t l e .  A f t e r  20 h a t  40" the  s o l v e n t s  were removed 

in VUCUO. The r e s i d u e s  were d i s s o l v e d  i n  80 Z aqueous a c e t i c  a c i d  (400 

mL/mmole) and s t i r r e d  a t  room tempera ture  f o r  5 h ,  The r e a c t i o n  m i x t u r e  

was d i l u t e d  w i t h  w a t e r  ( p a .  300 mL/mole)  and e x t r a c t e d  f i r s t  w i t h  c h l o -  

roform (8 x 300 mL/mole)  t h e n  w i t h  e t h e r  (4. x 300 mL/mmole). The aqueous 

l a y e r s  were evaporated t o  dryness  and t h e  r e s i d u e s  co-evaporated t h r e e  

times w i t h  water .  The products  were chromatographed on a DEAE-Sephadex 

A-25 column u s i n g  triethylammonium b i c a r b o n a t e  b u f f e r  (pH 7 .5 ,  l i n e a r  

g r a d i e n t  i n c r e a s i n g  from 0.002 M )  as  e l u e n t .  The a p p r o p r i a t e  f r a c t i o n s  

which were found t o  be  p u r e  when analyzed by  TLC and HPLC were combined, 

evapora ted  and reevapora ted  i n  water ,  then  l y o p h i l i z e d  t o  g i v e  t h e  d e s i -  

r e d  f u l l y  unblocked x y l o o l i g o n u c l e o t i d e s  la-lc, which are i n d i v i d u a l l y  

d e s c r i b e d  i n  Table  3 .  

Deblocking of f u l l y  p r o t e c t e d  mixed ribo-xylooligonucleotides 21-24, 

The p r o t e c t e d  d e r i v a t i v e s  21-24 were d i s s o l v e d  i n  0.05 M t e t r a b u t y l -  

ammonium f l u o r i d e  i n  a mixture  of  tetrahydrofuran-pyridine-water ( 2  equiv. 

per  p h o s p h o t r i e s t e r  moiety,  8: 1 : 1 v / v / v ) ,  A f t e r  s t i r r i n g  o v e r n i g h t  at room 

tempera ture ,  the  s o l u t i o n s  were evaporated i n  uacm and t h e  r e s i d u e s  

p a r t i o n e d  between chloroform (pa. 300 mL/mmole) and water (ca. 300 mL/ 

mmole). The aqueous l a y e r s  w e r e  f i r s t  e x t r a c t e d  w i t h  chloroform (3 x Ca. 

100 mL/mmole) then  wi th  e t h y l  a c e t a t e  (ca. 100 mL/mmole). The combined 

o r g a n i c  l a y e r s  were d r i e d  over  sodium s u l f a t e ,  f i l t e r e d  and evapora ted  

t o  dryness .  The r e s u l t i n g  r e s i d u e s  were d i s s o l v e d  i n  a mixture  o f  n-butyl- 
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amine-methanol-dioxane (2:1:2 v /v /v ,  130 mL/mmole) and s t i r r e d  i n  a pres -  

sure b o t t l e  a t  33' f o r  2 0  h .  The r e a c t i o n  mixtures  were evapora ted  in 
vacua and reevapora ted  t o  dryness  i n  w a t e r .  The r e s i d u e s  w e r e  then  t r e a -  

ted  and chromatographed a s  descr ibed  above f o r  deblocking of  t h e  f u l l y  

p r o t e c t e d  x y l o o l i g o n u c l e o t i d e s  b u t  t h e  t i m e  of  a c e t i c  a c i d  t r e a t m e n t  was 

reduced t o  1-2 h .  TLC and HPLC a n a l y s i s  of  t h e  main peaks o b t a i n e d  by 

DEAE-Sephadex A-25 chromatography showed d e t e c t a b l e  amounts o f  o t h e r  

isomers and p o s s i b l y  s ide-products .  These f r a c t i o n s  were c o l l e c t e d ,  eva- 

pora ted  t o  dryness ,  coevaporated w i t h  water  and l y o p h i l i z e d  b e f o r e  enzy- 

mat ic  t rea tment .  

The l y o p h i l i z e d  f r a c t i o n s w e r e  d i s s o l v e d  i n  0.1M ammonium a c e t a t e  

b u f f e r  (pH a d j u s t e d  t o  4.5  with  a c e t i c  a c i d ,  66 pL/mg) and incubated  

overn ight  a t  37' wi th  r i b o n u c l e a s e  T2  (1 .5  uL/mg of a s o l u t i o n  c o n t a i n i n g  

1000 U/mL H 0) .  The pH was a d j u s t e d  t o  8.9 w i t h  0.5M T r i s - H C 1  b u f f e r  (CU.  

30 pL/lOO pL of i n c u b a t i o n  medium) and a suspens ion  of  a l k a l i n e  phospha- 

t a s e  from Eclchehickia C O ~  (5 pL/mg) was added, A f t e r  3 h a t  37', t h e  

enzymes were i n a c t i v a t e d  by h e a t i n g  f o r  3 min. a t  90'. The r e a c t i o n  mix- 

t u r e s  were c e n t r i f u g e d  and t h e  s u p e r n a t a n t s  evaporated i n  vacuu and re- 

evaporated t o  dryness  i n  w a t e r .  The r e s i d u e s  were then  chromatographed on 

a DEAE-Sephadex A-25 column a s  d e s c r i b e d  above. The a p p r o p r i a t e  f r a c t i o n s  

which were found t o  be p u r e  by TLC and HPLC were combined,evaporated and 

reevapora ted  i n  w a t e r ,  then  l y o p h i l i z e d  t o  g i v e  t h e  d e s i r e d  f u l l y  deblo- 

cked mixed ribo-xylooligonucleotides Id- lg ,  which a r e  i n d i v i d u a l l y  des- 

c r i b e d  i n  Table  3. 

2 

Enzymatic h y d r o l y s i s  s t u d i e s  of  la - lg .  

An a c c u r a t e  q u a n t i t y  of each unpro tec ted  2 ' , 5 ' - o l i g o n u c l e o t i d e  -- la- lg  

( 1 . 2  - 1.4 mg) was d i s s o l v e d  i n  water (10 mL). With r i b o n u c l e a s e  T2 : I 

mL of each s t o c k  s o l u t i o n  was f i r s t  l y o p h i l i z e d  then  incubated  w i t h  r i b o -  

nuc lease  T2 a s  d e s c r i b e d  above f o r  t h e  deblocking  of t h e  f u l l y  p r o t e c t e d  
mixed ribo-xyloolieonucleotides. TLC and HULC a n a l y s i s  showed no h y d r o l y s i s  

of any of the  o l i g o n u c l e o t i d e s  la- lg .  With c a l f  s p l e e n  phosphodies te rase :  

t o  0.8 mL of  each s t o c k  s o l u t i o n  were added 0.15 mL of a c o c k t a i l  ( 6  mL 

of 1 M  KH2PG4 , pH a d j u s t e d  t o  6.1 w i t h  1 M  NaOH + 5 mL of 0.1M EDTA + 6 

mL of  Tween 80 + 23 mL of HZO) and 20 pL of c a l f  s p l e e n  phosphodiestera-  

s e .  The r e s u l t i n g  s o l u t i o n s  were main ta ined  a t  37' f o r  16 h .  TLC and HPLC 

a n a l y s i s  showed no h y d r o l y s i s  of  t h e  o l i g o n u c l e o t i d e s .  With snake venom 

phosphodiesterase : t o  8 mL of each s t o c k  s o l u t i o n  were added 0.56 mL of 

MgC12 (O.lM), 0.56 mL of T r i s - H C 1  (IM, pH a d j u s t e d  t o  8.9 w i t h  HCl), and 
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t h e  volume was a d j u s t e d  t o  10 mL w i t h  H20. Four mL of t h e  r e s u l t i n g  solu- 

t i o n s  were incubated  w i t h  snake venom phosphodies te rase  (20 uL) a t  37"  

f o r  16 h .  The enzyme was i n a c t i v a t e d  by h e a t i n g  f o r  3 min a t  90° and t h e  

enzymatic d i g e s t s  were analyzed q u a l i t a t i v e l y  by TLC and q u a n t i t a t i v e l y  

by HPLC. Complete conversion of  ol igomers  la - lg  i n t o  t h e  expected pro- 

d u c t s  was observed .  Data are presented  i n  Table  4 .  

Determinat ion of hyperchromic i ty  and y i e l d  f o r  each unpro tec ted  2',5'- 

o l i g o n u c l e o t i d e  la - lg .  

Hyperchromici ty ,  d e f i n e d  a s  ~ AD - *I x 100, was determined f o r  each  

o l i g o n u c l e o t i d e  by measurement of t h e  absorbance a t  260 nm b e f o r e  (A ) 'I 

and a f t e r  (AD) d i g e s t i o n  wi th  snake venom phosphodies te rase ,  as d e s c r i b e d  

above. The c o n c e n t r a t i o n  of each o l i g o n u c l e o t i d e  was spec t rophotometr i -  

c a l l y  determined a f t e r  snake venom phosphodies te rase  d i g e s t i o n  u s i n g  an 

e x t i n c t i o n  c o e f f i c i e n t  of  15,400 a t  260 nm f o r  adenos ine ,  xyloadenosine 

and t h e i r  5'-O-monophosphorylated d e r i v a t i v e s .  The c a l c u l a t e d  concent ra -  

t i o n s  were used t o  de te rmina te  t h e  y i e l d s  (Table  3 )  and t h e  e x t i n c t i o n  

c o e f f i c i e n t s  (Table  4) of t h e  p u r e  o l i g o n u c l e o t i d e s  l a - l g  i n  t h e i r  

t r  i e  thy  lammonium form . 
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