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S Y N T V E S T S  A N D  BTOLOr3-ICAL E V A L U A T I O N  O F  A S E R I E S  O F  

SUB S T 'I T U T E  D - 2 - PY P. I D T N E  - - C - N U  C L E 9 S T D E S . P a r t I I 

M .  R e l m a n s o ,  I .  V r i j e n s ,  E .  E s m a n s ,  R .  D o m m i s s e ,  

. J .  T , e p o i v r e ,  F.  A l d e r w e i r e l d t ,  L. T o w n s e n d  , L. W o t r i n g  , J. 

B a l z a r i n i ' ,  E .  De C l . e r c q 2 ,  U n i v e r s i t y  o f  A n t w e r p  ( R U C A ) ,  

L a b o r a t o r y  f o r  O r g a n i c  C h e m i s t r y ,  G r o e n e n b o r g e r l a a n  1 7 1 ,  

9 2 0 2 0  A n t w e r p ,  B e l g i u m  

1 D e p a r t m e n t  o f  Y e d i c i n a l  C h e m i s t r y ,  C o l l a g e  o f  P h a r m a c y  a n d  

D e p a r t m e n t  o f  C h e m i s t r y ,  1 . J n i . v e r s i t y  o f  M i . c h i g a n ,  A n n  

4 r b n r ,  h l i c h i g a n  U S A  

1 1 

r, T n y t i + ~ ~ t e  f o r  M e d j c a l  R e s e a r c h ,  U n i v e r s i t y  o f  L e r i v e n ,  

9 ? n O C  T,e i iven ,  R e l R i r i m .  

A B S T R A C T  : 

A c ! r c l i s a t i o n  r e a c t i o n  o f  t h e  D - a l l o -  a n d  D - a l t r o  i s o m e r s  o f  

2 - (  2 ,  Ii : 3 ,  S ' - d  i - 0 - b e n z y l  - i d e n e p e n  t i t 0 1 - I - y 1 ) p y r  i d i n e  d e r i v a - 
t i v e s  t o  a f f o r d  t h e  c o r r e s p o n d i n g  s u b s t i t u t e d  2 - ( g - r i b o f u r a -  

n n s v l ) p y r i d i n e - C - n u c l . e ~ s i d e s ,  - w a s  i n v e s t i g a t e d .  T h e  l a t t e r  

c o m n o u n d s  w e r e  a b t a i n e d  i n  g o o d  y i e L d s  ( 9 0 % )  i f  t h e  r e a c t i o n  

W R S  p e r f o r m e d  i n  1 N H C 1 .  T h e  s t r u c t u r e s  w e r e  c o n f i r m e d  b y  

'3C-N:,tR s t u d i e s  a ~ d  a n  H P L C  m e t h o d  w h i c h  w a s  d e v e l o p e d  

s p e c i f i - c . ~ l l y  f o r  n d e t e r m i n a t i o n  o f  t h e i r  p u r i t y .  A1.1 c o m -  

p o c n d e  w e r e  e v r ! l . u a t e d  f o r  b i o l o g i c a l  a c t i v i t y  i n  a v a r i e t y  

o f  a n t i v i r a l  a n d  2 n t i t . u m o r  c e l l  s y s t e m s  i n  v i t r o .  

-- 

I .  TMTRODI'CTION. -__ 
T h e  i s o l a t j o n  a n d  c h a r a c t e r i z a t i o n  o f  s e v e r a l  n a t u r a l l y  

o r c r i r i n g  - C - n u c l e o s i d e s l  ( e . g .  f o r m y c i n ,  f o r m y c i n  B ,  p s e u d o u -  

r i d i n e ,  s h o w d o m y r i n ,  e t c )  w a s  f o l l o w e d  b y  r e p o r t s 2  o n  t h e i r  
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44 2 BELMANS ET AL. 

h l o l o g i c a l  a n d  c h e m o t h e r a p e u t i c  p r o p e r t i e s .  T h i s  h a s  

p r o m p t e d 3  t h e  s y n t h e s i s  o f  a w i d e  r a n g e  o f  s t r u c t u r a l l y  

r e 1 . n t e d  - C - n u c l e o s l d e s .  I n  g e n e r a l  t h e  c y t o s t a t i c  a n d / o r  

a n t t v i r a l  a c t i v i t y  o f  a n u c l e o s i d e  i s  r e l a t e d  t o  i t s  i n h i b i -  

tion o f  c e r t a i n  e n a v m e s  a n d / o r  i t s  i n c o r p o r a t i o n  i n t o  

D N A / R N A . 4  

T h e  o n c o l y t  i.c 5 - n u c l  e o s i d e  2-(p-D-t  i b o f u r a n o s y 1 ) t h i a z o -  

l e - 4 - r a r h o x a m i d e  ( t i a z o f u r i n )  h a s  e m e r g e d  a s  a p r o m i s i n g  n e w  

d r u g  w i t h  a c t i v i t . y  b e i n R  r e p o r t e d  a g a i n s t  a n u m b e r  o f  

t u m o r s .  T t  h a s  h e e n  s h o w n  t h a t  t i a z o f u r i n  h a s  a d i f f e r e n t  

m e r h a n i s m  a n d  m o d e  o f  a c t i . o n  s i n c e  i t  a c t s  v i a  t h e  f o r m a t i o n  

o f  a n  W A D + - a n n l o ~ i i e 3 y 4  !r w h i c h  t h e  n i c o t  i n a m i d e  n u c l e o s i d e  

m o f e t y  h a s  h e e n  r e p l a c e d  b y  t i a z o f u r i n .  T h i s  p r o m p t e d  us t o  

i n i t l a t e  a p r o g r a m  i n v n l v i . n p ,  t l i c  s y n t h e s i s  o f  p y r i d i n e - C -  - 

n ~ ~ c l c o s l d e s  ? e s i . p n e d  3.c n f  c o t  i n a m j . d e  n u c l e o s i d e  a n a l o g s .  

T h e  s y r ~ t h e s i s  o f  s o m e  a p p r n p r i a t e  p r e c u r s o r s ,  e . g .  t h e  D- 
a l 1 . n -  a n d  D - a l t t o -  i s o m e r s  o f  2 - (  1 - E - m e t h y l s u l p h o n y l -  

2 , 4 : 3 , 5 - d i - O - h e n z y l i d e n e - p e n t i t o l - l - l - y 1 ) p y r i d i n e  - d e r i v a t i v e s ,  

11s I n ?  o r g a n  o m e  t a 1  1 i r  1 i t h  i o p y r  i d  i n e s  a s  i n t e r m e d i a t e s  h a s  

b e e n  p r e v i o u s l y  r e p o r  t e d 5  f r o m  o u r  l a b o r a t o r y .  

--- 

We n o w  w i s h  t o  r r p a r t  o n  t h e  f o r m a t t o n  a n d  b i o l o g i c a l  

e v n l  u n t  !.on o f  ij n e w  s e r i e s  o f  p y r j d i n e - C - n u c l e o s i d e s .  - 

2. R E S l r l  'J'S A N D  DTSCUSSTON, 

2 . 1 .  SYNTHESIS 

W e  h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  a d i r e c t  c y c l i z a t i o n  

o f  t h e  D-allo- 2 - a l t r o  i s o m e r s  o f  2-(2,4:3,5-dl-g-benzyli- 

dene-pentftoI-l-yl)pyridine d e r i v a t i v e s  ( l - 2 )  i n  a n  a c i d i c  

medir i in  w a s  u n s u c c e s s f u l .  I n  a n  e f f o r t  t o  c i r c u m v e n t  t h i s  

p r o h l e m ,  a m e s y l a t e  f i i n c t i o n  w a s  i n t r o d u c e d  a t  t h e  C1' 
p o s i t i o n  o f  c o m p o u n d s  i-2 t o  a f f o r d  - -  6-10 .  

I n  o ~ i r  f i r s t  a t t e m p t  t o  o b t a i n  t h e  c o r r e s p o n d i n g  r i b o -  

f u r a n o s v l  c o m p o u n d s  11-15,  t h e  D - a l l o -  a n d  - D - a l t r o - i s o m e r s  

o f  2 - ( (  1-2-me t h y l a u l f  o n y  1 ) - 2 , 4 :  3 , 5 - d  i - 2 - b e n z y  1 i d e n e - p e n  t i-  

t o l - I - y 1 ) p y r i d l n e  d e r i v a t i v e s  ( 5 - 2 )  w e r e  t r e a t e d  w i t h  0,05 

M H C l / d i o x a n e  ( l / l O O ) .  A n  s h o w n  b y  R u c h a n a n  e t  a l . , '  t h e s e  
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2-PYRIDINE-C-NUCLEOSIDES 443 

+ 1-5 

R 

@ 
""53 

5-10 

/H+ 

11 -15 - -  
SCHEME 1 

r ~ a c t i o n  c o n d i t i o n s  w e r e  a p p r o p r i a t e  f o r  a c y c l i z a t i o n  r e a c -  

t i o n  o f  t h e  a n a l o g o u s  m e s y l  c o m p o u n d s  i n  t h e  p y r a z o l e  

s e  r i e  s , 11 ow e v e r  , t h e  p y r  i d  i n  e - 2 - n u c  1 e 0s i d e s  1 1 - 1 5  w e r e  o b- 

t a i n e d  i n  l o w  y i e l d s  ( 1 5 % )  u n d e r  t h e s e  c o n d i t i o n s .  T h e r e -  

f o r ? .  P s t i i ( ! p  d e s i g n e d  t o  o p t i m i z e  t h e  c o n d i t i o n s  r e q u i r e d  

f o r  t h e  c v r l 3 z a t j o n  r e a c t i o n  w a s  u n d e r t a k e n  u s i n g  1 N HC1, 

w i t  h n u t  t h e  a d d i  t i o n  o f  d i o x a n e .  

A l j q n o t s  w e r e  t a k e n  a t  d i f f e r e n t  t i m e  i n t e r v a l s  a n d  

s n a l v z e d  b y  H P L C  o n  a p - B o n d a p a c k  C 1 8  c o l u m n  u s i n g  H20/CH30H 

( 9 0 / 1 0 )  a s  t h e  e l u a n t .  ( U V - d e t e c t o r  2 5 4  n m / f l o w  r a t e  1 

c c / m i n ) .  T h e  r e s u l t s  f o r  c o m p o u n d  11 a r e  s u m m a r i z e d  i n  

T a b l e  1 a n d  c l e a r l y  s h o w  t h a t  t h e  c y c l i z a t i o n  r e a c t i o n  i s  

c o m p l e t e  a f t e r  5 0  m i n u t e s .  
A n a l y s i s  o f  t h e  r e a c t i o n  p r o d u c t s  fi t o  11 b y  C L 3  N M R  ( s e e  

s e c t i o n  o n  C 1 3  N M R )  s h o w e d  t h a t  n o  p y r a n o s y l  c o m p o u n d s  w e r e  

f o r m e d  d u r i n g  t h e  c y c l i z a t i o n  p r o c e d u r e  d e s c r i b e d  a b o v e .  

T h i s  i s  o f  c o n s i d e r a b l e  i n t e r e s t  s i n c e  i t  h a s  b e e n  

p r e v i o u s l y  o b s e r v e d  t h a t  p - p s e u d o u r i d i n e  ( c p ) ,  w h e n  d i s s o l v e d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



444 BELMANS ET A L .  

T a b l e  1 

r e a c t i o n  t i m e  ( m i n )  

4 '  

6 '  

9 '  

13' 

1 8 '  

24  ' 
4 8 '  

t o t a l  y i e l d  ( a  + p )  
7 3 . 0 %  

7 9 . 5 %  

8 0 . 0 %  

8 7  . O %  

8 9 . 0 %  

9 1  .O% 

1 0 0 . 0 %  

i n  n n  a c i d i c  s o l ~ r r t i o n ,  f o r m s  a n  e q u i l i - h r i u m  m i x t u r e  of b o t h  

a , p - r  i h o f u r a n o s c -  a n d  a,/> - r  i b o p y  r a n o s e i s o m e r  s .  T h i s  

p h e n c r e n o n  v a s  n o t  o b s e r v e d  i n  t h e  s e r i e s  o f  2 - ( D -  
r i b o f u r a n o s v l  )pyridine d e r i v a t i v e s  ( 1 1 - 1 5 ) .  -- Thj . . s  s t a b i l i t y  

c a n  h e  e x p l a i n e d  b y  t h e  i n i t i a l  p r o t o n a t i o n  o f  t h e  b a s i c  

p v r i d i n e  r i n g  n i t r o g e n  a t o m  w h l c l i  o p p o s e s  t h e  i n t e r m e d i a t e  

p , e n e r a t j c n  o f  A c n r h o n i i i m  i o n  at C 1 '  w h f c h  i s  n e c e s s a r y  f o r  

a n  e q i : i l ~ i h r a t l o n  t o  0 c c . 1 1 ~  : 

HO 

OH OH 

OH OH OH OH 
SCHEME 2 
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2-PYRIDINE-C-NUCLEOSIDES 445 

SCHEME 3 

PY (HCl 

D- ALLO 

PY R*.HCI 

- #g 
OH 

D-ALTRO 

- - NUCLEOSI DE 

- /3-NUCLEOSIDE 

The forvation of both a -  and/d -ribofuranose-pyridine-C- 
nucleosides during the cyclization procedure ( ~ - ~ ~ - > 1 1 - 1 5 )  -- -- 
is p r o b a b l y  due to an SN2-like ri.ng closure mechanism star- 
ting f r o m  h o t h  the D - a l l o -  aEd - D-altro- i s o m e r s  as 

illustrated in Scheme 3 .  

2.2. PURIFICATION A N D  HPLC-ANALYSIS. 

The initial purification of this reaction mixture was 
accomplished by extracting the aqueous solution with chloro- 
form to remove all o f  the benzaldehyde which had formed 
during the cyclisation reaction. The methane sulphonic acid 
salt was then separated f r o m  the 2-(D-ribofuranosyl)pyridine - 
derivatives on an Affigel 601 (Biorad) column using 0.25 M 
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446 BELMANS ET AL. 

N T 1 4 0 A c  ( p H  = 8 . 8 ) .  T h e  c i s - d i o l  n u c l e o s i d i c  f r a c t i o n  w a s  

t h e n  e l u t e d  w i t h  0.1 N f o r m i c  a c i d  a n d  c o l l e c t e d .  T h e  

s v l ~ ~ t i o r ?  w a s  a d j u s t e d  t o  pH 7 u s i n g  d i l u t e  a m m o n i a  a n d  

1 . y o p h g l i z e d .  T h e  p y r i d i n e - 2 - n u c l e o s i d e s  w e r e  i s o l a t e d  i n  

9 0 %  y i e l d .  

Tn o r d e r  t o  c h e c k  t h e  p u r i t y  o f  t h e s e  c o m p o u n d s ,  p r i o r  

t o  b i n l o g f c a l  e v a l u a t i o n ,  a n  HPLC a n a l y s i s  w a s  a c c o m p l i s h e d  

o n  a 1 ) - B o n d a p a c k - C 1 8 - c o l u m n  u s i n g  w a t e r / m e t h a n o l  ( 8 5 / 1 5 )  as 

t h e  e l u a n t ,  a t  a f l o w - r a t e  o f  l m L / m f n .  T h e  r e s u l t s  of t h i s  

i . n v e s t i q a t i o n  a r e  s u m m a r i z e d  i n  T a b l e  2 

I t  i s  o f  s o m e  i n t e r e s t  t o  n o t e  t h a t  u n d e r  t h e s e  c o n d i -  

t i o n s  b o t h  t h e  cy - s n d / j  - i s o m e r s  w e r e  s e p a r a t e d .  T h e f l  - 
i s o m e r  w a s  a s s i . K n e d  t o  t h e  p e a k  e l u t i n g  w i t h  t h e  l a r g e s t  k- 

v a l u e  a n d  t h i s  a s s f g n m e n t  w a s  s u p p o r t e d  b y  a n  a n a l y s i s  o f  

t h e  1 3 C - N H R  s p e c t r a  o f  t h e  a n o m e r i c  m i x t u r e  ( S e e  l 3 C  N M R ) .  

S i n c e  C 1 '  o f  t h e p -  a n o m e r  r e s o n a t e s  a t  a l o w e r  f i e l d  t h a n  

t h e  c o r r e s p o n d i n e  C l t  o f  t h e  ~y a n o m e r ,  i n t e g r a t i o n  o f  t h e s e  

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

t i o n  ~ W c h  i .n r i i r n  c a n  h e  c o m p a r e d  w i t h  t h e  d a t a  o b t a i n e d  

f r o m  t h e  H P J , C - a n a l y s i s  (TablP 3). F u r t h e r m o r e  t h e s e  r e s u l t s  

v e r e  s r i p p o r  r e d  b y  o n - l i n e  D L T / I , C M S 7  a n d  H P L C - l i t e r a t u r e  

d a t a .  

2 . 3 .  13C-NMR. 

T h e  1 3 C  N M R  s p e c t r a  o f  t h e  p y r i d i n e - C - n u c l e o s i d e s  - (11 
t o  15) were  r e c o r d e d  i n  D20 u s i n g  D M S O  a s  a n  i n t e r n a l  s t a n -  

d a r d .  T h e  c h e m i c a l  s h i f t  v a l u e s  w e r e  c o n v e r t e d  t o  t h e  T M S  

s c a l e  u s i n g  SDMSO = S T M S  + 3 9 . 5  p p m .  F r o m  t h e  r e s u l t s ,  

d e p i c t e d  j.n F i g u r e  1 ,  i t  c a n  b e  s e e n  e a c h  c a r b o n  a t o m  i s  

p r e s e n t  j n  d u p l i c a t e  w i t h  d i f f e r e n t  i n t e n s i t y .  T h i s  c a n  b e  

e x p l a i n e d  b y  t h e  p r e s e n c e  o f  LY , p - a n o m e r i c  m i x t u r e .  T h e  

p y r i d i n e  2 - a t o m s  a r e  w e l l  s e p a r a t e d  f r o m  t h e  r e s o n a n c e  s i g -  

n a l s  a t t r i b u t c d  t o  t h e  s u g a r  m o i e t y  a n d  r e s o n a t e  b e t w e e n  1 4 0  
a n d  1 5 7  p p m .  T h e  a s s i g n m e n t  o f  t h e s e  s i g n a l s  t o  s p e c i f i c  

c a r b o n  a t o m s  w a s  a c h i e v e d  b y  c h e m i c a l  s h i f t  a r g u m e n t s  i n  t h e  

c a s += of  2 - (c-- f b o f irr a n  0 s  y 1 ) - p y  r i d  i n e  11. 
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2-PYRIDINE-C-NUCLEOSIDES 

T a b l e  2 R e t e q t i o n  T i r r e  i n  M i n u t e s  

4 . 5 2  5 . 2 5  

5 . 0 7  1 0 . 7 4  

7 . 9 2  11.83 

8 . 4 8  1 2 . 2 6  

6 . 8 3  1 2 . 4 2  

T a b l e  3 

ff f l  

44 7 

11 4 3 %  5 7 %  

1 2  4 6 %  5 4 %  

1 3  4 6 %  5 4 %  

1 4  4 4 %  5 6 %  

1 5  4 5 %  5 5 %  

- 
- 
- 
- 
- 

F o r  c . o m p o u n . d s  12-12, a n  a n a l o g o u s  p r o c e d u r e  w a s  

f o l . l o w e d  w h i l e  t a k i n g  i n t o  a c , c o u n t  t h e  s u b s t i t u e n t  s h i f t  

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

d j . f f e r e n t  r i n g  p o s i t i o n s .  T h i s  t n c r e m e n t  i s  m o s t  p r o n o u n c e d  

or,  t h e  c . a r h o n  a t o m  w h e r e  t h e  m e t h y l  f u n c t i o n  r e s i d e s  a n d  t h e  

r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  4 .  

I n  r e g a r d s  t o  t h e  d i f f e r e n t  s u g a r  a t o m s  ( T a b l e  5 ) ,  t h e  

s i g n a l  l o c a t e d  i n  t h e  5 9  t o  6 3  p p m  r e g i o n  w a s  a s s i g n e d  t o  

t h e  p r i m a r y  C 5 ' - c a r b o n  a t o r ; .  T h i s  i s  t h e  e x p e c t e d  v a l u e  f o r  

t h i s  C - a t o m .  A c c o r d i n g  t o  t h e  d a t a  r e c e n t l y  p u b l i s h e d  b y  

Re ie r " ,  i t  w a s  p o s s i b l e  t o  a s s i g n  C 2 1  a n d  C j ' .  

c e s  i n  j . n t e n s i t y  b e t w e e n  t h e  s i g n a l s  o f  t h e  L x -  a n d f i  - i s o m e r s  

c a n  h e  u s e d  a s  a n  a d d i t i o n a l  a s s i g n m e n t  t o o l  w h e n  t h e  

s i g n a l s  a r e  c l o s e  t o  e a c h  o t h e r .  T h e  C l l  a n d  C 4 ' - a t o m s  

r e s o n a t e  c l o s e  t o  e a c h  o t h e r .  T h e i r  a s s i g n m e n t  w a s  d o n e  b y  

T h e  d i f f e r e n -  
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448 BELMANS ET A L .  

2 'P 

1 0 1  I , ' ,  , I ,  I t I , \  

150 100 50 0 PPm 

F i g u r e  1 

s e l e c t i v e  d e c o u p l i n g  e x p e r i m e n t s  o f  t h e  H l ' a n d  M 4 ' - p r o t o n s  ; 

w h i c h  c l e a r l y  s h o w e d  t h a t  t h e  p e a k  a t  t h e  l o w e s t  f i e l d  

c o r r e s p o n d s  t o  C 1 ' - c a r b o n  a t o m .  X t  t s  a l s o  c l e a r  t h a t  n o  

p y r a n o s y l  t y p e - 5 - n u c l e o s i d e s  were  f o r m e d  d u r i n g  t h e  c y c l i s a -  

t i o n  r e a c t i o n ,  s i n c e  t h e  C 5 '  s i g n a l s  o c c u r  a t  v a l u e s  w h i c h  

are u s u a l l y  o b s e r v e d  f o r  p r i m a r y  a l c o h o l s .  

2.4. BIOLOGICAL STUDIES. IN VITRO ANTITUMOR EVALUATION. 

T h e  a n t i v i r a l  a n d  a n t i t u m o r  e f f e c t a  of  c o m p o u n d s  11 t o  

- 1 5  ( d , / 3 m i x t u r e s  p u r i f i e d  b y  c h r o m a t o g r a p h y )  w e r e  e v a l u a t e d  

in a v a r i e t y  o f  a s s a y  s y s t e m s  ( t a b l e  6 ) .  U n d e r  c o n d i t i o n s  

were t h e  p r o p e r  c o n t r o l s  s h o w e d  t h e  u s u a l  antiviral a c t i v i t y  
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2-PYRIDINE-C-NUCLEOSIDES 449 

Table 4 

- 12p 151.96 132.77 142.n3 123.39 145.01 15.99 
II. 149.64 133.87 138.80 124.18 141.54 15.62 

- 13 f? 156.16 122.41 154.15 124.85 143.31 20.07 
,f- 153.48 123.69 151.47 124.73 141.11 20.43 

- 14p 152.20 120.77 135.35 133.62 145.93 
J., 150.37 121.80 140.81 133.93 143.73 16.35 

1 5  p 152.93 120.71 145.68 126.15 152.69 
1.151.23 121.56 145.20 125.95 150.43 

- 
18.36 

(ribavirin, carbocyclic 3-deazaadenosine) or antitumor 
activity ( 5 - f l u o r o - 2 ' - d e o x y u r i d i n e ) ,  n o n e  of t h e  test 
compounds exhibited an appreciable antiviral or antitumor 
effect in any o f  the assay systems (table 6 ) .  

It seems probable that these compounds were not metabolized 
to analogues of NAD', since they lack the amide substituent. 
Alternatively, if the NAD+-analogues were formed, they appa- 
rently did not a inhibit any critical cellular enzymes. The 
synthesis of 2-pyridine-5-nucleosides with an amide substi- 
tuent is under investigation. 

3 .  EXPERIMENTAL 
3.1. METHODS 

I3C-NMR spectra were recorded on a J E O L  FX-100 connec- 
ted to a T I - 9 8 0  B computer system. DCI-mass spectra were 
run on a RIBERMAG 10-10B (NERMAG SA) quadrupole mass-spec- 
trometer equipped with a SIDAR data system. Primary ioniza- 
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450 BELMANS ET AL. 

~~ 

I 1  f l  8 3 . 6 3  7 6 . 9 0  7 1 . 7 9  8 5 . 5 8  6 2 . 5 8  

*. 8 1 . 6 3  7 4 . 3 2  7 3 . 0 0  8 3 . 1 9  6 2 . 4 3  
- 

1 2  ,fa 7 9 . 2 2  7 4 . 2 8  6 8 . 9 2  8 2 . 6 3  6 0 . 4 0  

<i- 7 2 . 2 7  7 0 . 6 3  7 9 . 7 8  8 0 . 5 6  5 9 . 7 3  
- 

- 1 3  / I  8 0 . 9 3  7 4 . 9 6  6 9 . 7 8  8 3 . 7 3  

x 7 8 . 9 8  7 2 . 4 0  7 0 . 9 3  8 1 . 1 7  6 0 . 4 6  

- 1 4  /3 8 1 . 0 5  7 4 . 9 6  6 9 . 7 8  8 3 . 4 2  6 0 . 5 8  

,L 7 9 . 7 7  7 2 . 2 8  7 1 . 0 6  8 1 . 9 0  6 0 . 4 6  

- 1.5 /? 7 9 . 0 4  7 5 . 2 6  6 9 . 1 7  8 3 . 4 8  6 0 . 3 3  

x 7 7 . 8 8  7 2 . 3 3  7 0 . 8 1  8 1 . 4 7  5 9 . 7 2  

* may b e  exchanged 

tion of t h e  r e a g e n t  g a s  ( N H 3 )  w a s  p e r f o r m e d  by 70 e V  

electrons using an emission current of O.OSmA. The ion- 

source pressure w a s  around 0 . 3  Torr. Elemental analyses 

were done at JANSSEN PHARMACEUTICA, (Beerse Belgium). The 
3 6 0  MHz ' H - N M R  spectra were taken at the University of Ghent 

by G. Verhegge. 'H-NMR data are listed in Tables 7 and 8. 

3 . 2 .  SYNTHESIS 

The 1 - ( 1 - 0 - m e t h y 1 S u 1 p h o ny 1 - 2 , 4  : 3 , 5  -d i-2-b e nz y 1 id e ne-2- 
ribopentahydroxypenty1)pyridine (500 mg) w a s  stirred in a 1 
N HC1-solution ( 2 0  m l )  and heated for 5 0  minutes at reflux 

tenperature. The reaction w a s  quenched by cooling the 

- 
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2-PYRIDINE-C-NUCLEOSIDES 451 

Table 6 
3iological evaluation for antiviral and antitumor cell activity 

t issay system R Minimal inhibitory concentration (pg/ml) 

9,10,11 Compounds Reference compounds 
11 - through 15 

Antiviral activity 

HSV- 1 /PRK 
HSV-Z/PRK 

WIPRK 
VSVIPRK 
VSV/HeLa 

:oxsackie-B4/HeLa 

'olio-lIHeLa 
'arainfluenza-3IVero 
teo-l /Vera 
;indbis/Vero 
:oxsackie-B&/Vero 

;FV/Vero 
{hino- 1 A /  W I - 3 8  

th ino-9 / W I- 38 

> 400 
> 400 
> 400 

> 400 
> 400 

> 400 

> 400 
> 400 
> 400 

> 400 
> 400 
> 400 
> 400 

> 400 

Ribavirin Carbocyclic 
3-deazaadenosine 

> 400 
> 400 

2 

100 

7 
40 
70 

70 
150 
70 

> 400 
150 

150 

70 

> 400 
> 400 

2 

0.2 

1 

> 400 
> 400 

7 

10 

> 400 

7 

> 400 

> 400 

> 400 

intitumor cell activity 5-Fluoro-2'-deoxyuridine 
,1210 > 1000 0.0003 

' M 3 A  > 1000 0.002 
iaj i > 1000 c 0.005 

'lolt/4F > 1000 0.04 

* Abbreviations : HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex vi- 
rus type 2;  VV, vaccinia virus; VSV, vesicular stomatitis virus; SFV, Semliki 
Forest virus; PRK, primary rabbit kidney; HeLa, continuous line of human epi- 
thelioma cells; Vero, continuous line of African green monkey kidney cells; 
W I - 3 8 ,  human diploid fibroblast cells; L1210, murine leukemia cells; FM3A, 
murine mammary carcinoma cells; Raji, human B-lymphoblast cells; Molt/4F, hu- 
man T-lymphoblast cells. 

t 
Required to reduce virus-induced cytopathogenicity or tumor cell growth by 
50 %. 

For compounds ed andcoc/fithe values were 675 and 803 pg/ml, respectively. 
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Table 7 

3 6 0 F I B  z - H - 11 MR- d a t a ( 

E Q  5.09 (d,3.4) 4 . 3 5  (t,3.9) 4.29 (dd,4.4) 4 . 1 0  ( m )  3.85 (dd,2.65) 3.67 (ddy4.60) 
14p 4.79 (d,5.6), 4.12 (t,51) 4.04 ( m )  4.02 (m) 3.86 (dd,2.90) 3.71 (dd,3.60) - 

15 a 5.139 (d,3.6) 4.39 (t,3.95) 4.29 (d~l~4.35) 4.10 ( m )  3.85 (dd,2.75) 3.67 (dd,4.65) 

1 5 p  4.32 (d,5.1) 4.16 (t,5.0) 4.09 fm) 4.05 ( m )  3.90 (dd,2.85) 3.72 (dd,3.35) 
m m 
r - 5 

(1) : taken in C D 3 0 D .  

2 
vl 

m 
4 
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2-PYRIDINE-C-NUCLEOSIDES 453 

Tab le  8 : p y r i d i n e  p r o t o n s  

11 .< 7 . 6 0 ( d )  7 . 8 2 (  t )  7 . 2 9 (  d d )  8 . 4 5  ( d )  I - 
1Q /3 7 . . 5 6 ( d )  7 . 8 2 (  t 1 7 . 3 0 (  d d )  8 . 4 7 ( d )  

1 2  5 I 7 . 7 0 ( d )  7 . 3 0 ( m )  8 . 3 8 ( d )  2 . 4 0 ( s )  

7 . 6 3 (  d )  7 . 2 5 ( m )  8 . 3 5 ( d )  2 . 4 0 ( s )  1 2  p I 

1 3  i 7 . 4 0 ( s )  I 7 . 1 5 ( d )  8 . 3 4 ( d )  2 . 3 8 ( s )  

1 3  /3 7 . 4 5 ( s )  I 7 . 1 8 ( d )  8 . 3 1 ( d )  2 . 3 8 ( s )  

1 4  ,I 7 . 5 0 ( d )  7 . 6 5 ( d )  / 8 . 3 0 ( s )  2 . 3 4 ( s )  

1 4  f i  7 . 4 6 ( d )  7 . 6 4 (  d )  I 8 . 3 3 ( s )  2 . 3 2 ( s )  

15  .X 7 . 1 8 ( d )  7 . 7 1 ( t )  7 . 4 0 ( d )  I 2 . 5 0 ( s )  

1 5  /3 7 . 2 0 ( d )  7 . 7 0 ( t )  7 . 3 2 ( d )  I 2 . 5 0 ( s )  

s o l u t i o n  i n  a n  i c e  b a t h .  T h e  b e n z a l d e h y d e  w a s  r e m o v e d  b y  

e x t r a c t i o n  w i t h  c h l o r o f o r m  ( 3  x 2 0  nl). A n a l y s i s  o f  t h e s e  

c h l o r o f o r m  e x t r a c t s  s h o w e d  t h a t  t h e  o n l y  c o m p o u n d  p r e s e n t  

~ a a s  b e n z a l d e h y d e  a n d  t h e  a b s e n c e  o f  u n r e a c t e d  m e s y l a t e  s t a r -  

t i n 8  m a t e r i a l  o r  o t h e r  s i d e  p r o d u c t s .  T h e  w a t e r  l a y e r  w a s  

~ v a p o r a t e d  t o  d r y n e s s  a n d  a f t e r  t h e  a d d i t i o n  o f  w a t e r  ( 1 0  

w L ) ,  t h e  w a s  a d j u s t e d  t o  7 w i t h  d i l u t e  a m m o n i a .  T h e  

w a t e r  l a y e r  w a s  a g a i n  e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 2 0  mL) 

a n d  a p p l i e d  t o  a n  A f f i g e l  6 0 1  c o l u m n ,  u s i n g  0 . 2 5  N H 4 0 A C  

( p Y  8 . 8 ) .  T h e  n u c l e o s i d e s  w e r e  i s o l a t e d  b y  e l u t i o n  w i t h  

f o r m i c  a c i d  (0 .1  N )  a n d  t h e  r e s i d u a l  a m m o n i u m  f o r m a t e  w a s  

r e m o v e d  b y  I y o p h f l i s a t i o n .  T h e  o t h e r  n u c l e o s i d e s  were  

p r e p a r e d  i n  t h e  s a m e  w a v .  T h e  a -  a n d  p - i s o m e r s  w e r e  n o t  

s e p a r a t e d  o n  a l a r g e  s c a l e  p r i o r  t o  t h e  b i o l o g i c a l  s t u d i e s .  

Elemental Analysis 

11 C a l c :  56.87 %C 6 .16  %H 6.63 %N - 
Found: 56.75 %C 6.13 %H 6.60 %N yield : 9 0 %  
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454 BELMANS ET AL. 

12-15 C a l c :  58.67 %C 6.67  %H 6.22 %N 
- 12 58.82 %C 6.70 %H 6.11 %N y i e l d  : 9 0 %  

- 13 58.73 %C 6.76 %H 6.17 %N 88% 

- 14 58.79 %C 6.65 %H 6.09 %N 89% 

- 15 58.88 %C 6.77 %H 6.04 %N 90% 

nCI/NJ13- d a t a  ( r e l a t i v e  i n t e n s l t i e s  a r e  g i v e n  i n  p a r e n t h e s i s )  

- 11 f M I - r + l  : 2 1 2  (100) [ B  + 301' : 1 0 8  ( 4 )  

- 1 2  IMH+I : 2 2 6  ( 1 0 0 )  [ B  i 301' : 1 2 2  ( 6 . 6 )  

- 1 3  [MH'] : 2 2 6  ( 1 0 0 )  [ B  + 3 0 1 +  : 1 2 2  ( 8 . 7 )  

1 4  [MH'I : 2 2 6  (100) [ B  + 3 0 ] +  : 1 2 2  ( 3 . 6 )  

[ B  + 441' : 1 2 2  ( 4 . 2 )  

[ B  + 441' : 1 3 6  ( 4 . 2 )  

[ B  + 441' : 1 3 6  ( 7 . 6 )  

[ B  + 441' : 1 3 6  ( 4 . 6 )  

1 5  [MH'I : 2 2 6  ( 1 0 0 )  [ B  + 3 0 ] +  : 1 2 2  ( 9 . 4 )  
I 

[ B  + 441' : 1 3 6  ( 1 0 . 6 )  

3 . 3 .  I N  V I T R O  ANTITUMOR EVALUATION. 

Tumor  L 1 2 1 0 ,  FM3A, R a j i ,  M o l t / 4 F  c e l l s  w e r e  g r o w n  i n  

s t a t i c  s u s p e n s i o n  c u 1 . t u r e s  i n  F i s c h e r ' s  m e d i u m  w i t h  1 0 %  

h e a t - i n a c t i v a t e d  (56", 30 m i n )  h o r s e  s e r i i m ,  w i t h o u t  a n t i b i o -  

t i c s .  T h e  r e m a i n i n g  c u l t u r e  c o n d i t i o n s  a n d  t h e  m e t h o d  o f  

o h t . . i i n i n g  g r o w t h  c i i r v e s  w e r e  a s  d e s c r i b e d  p r e v i o u s l y 5 " .  

I J a t a  w a s  c o l l e c t e d  o v e r  a 3 - d a y  p e r i o d ,  w h i c h  w a s  a p p r o x i m a -  

t e l y  6 p o p n l a t l o n  d o u b l i n g  t i m e s  -in c o n t r o l  c u l t u r e s .  T h e  

l o g  o f  t h e  c e l l  n u m h e r  w a s  p l o t t e d  a g a i n s t  t i m e ,  a n d  t h e  

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

a s  a p e r c e n t a g e  o f  t h e  s 1 . o p e  f o r  a c o n t r o l e  c u l t u r e .  

3 . 4 .  T N H T B T T ' t O N  OF VIRUS-INDUCED CYTOPATHOGENT.CITY. - 
C o n f l u e n t  c e l l  c u l t u r e s  i n  F a l c o n  m i c r o t i t e r  t r a y s  were  

i n o c u l a t e d  w i t h  1 0 0  C C T D 5 *  o f  v i r u s ,  1 C C I D 5 0  b e i n g  t h e  

v i r u s  d o s e  r e q u i r e d  t o  i n f e c t  5 0 %  o f  t h e  c e l l  c u l t u r e s .  

A f t e r  1 h o u r  o f  v i r u s  a d s o r p t i o n , r e s i d u a l  v i r u s  was r e m o v e d  

a n d  t h e  c e l l .  c u l t u r e s  w e r e  i n c u b a t e d  i n  t h e  p r e s e n c e  o f  

v a r y i n g  c o n c e n t r a t i o n s  ( 4 0 0 ,  2 0 0 ,  100,  p g / m l )  o f  t h e  t e s t  

c o m p o u n d s .  V i r a l  c y t o p a t h o g e n i c i t y  w a s  r e c o r d e d  as s o o n  a s  

i t  r e a c h e d  c c m p l e t i o n  i n  t h e  c o n t r o l  v i r u s  i n f e c t e d  c e l l  

r . 1 i 1 r ~ t . e ~ .  
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A r KN 0 W I, E D G EME N T S . 
T h i s  w o r k  i s  a l s o  s u p p o r t e d  by NATO-grant  8 2 4 1 8 4  ; a n d  

was a i d e d  b y  g r a n t  n u m b e r  CH-312 f r o m  t h e  A m e r i c a n  C a n c e r  

S o c i e t y .  O n e  o f  u s  Y .  V r i j e n s  t h a n k s  t h e  IWONL f o r  f i n a n -  

c i a l  s u p p o r t .  We a r e  i n d e b t e d  t o  Mrs. M .  K e i r s m a e k e r s ,  Mr. 
Y .  L r i y t e n  a n d  M r .  J .  S c h r o o t e n ,  M r s .  A .  V a n  L i e r d e ,  M r s r  F. 
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