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NUCLEOSIDES 8 NUCLEOTIDES, 8(7 ) ,  1189-1200 (1989) 

CON FORMATION AND ANT I HERPES ACTIVITY 
OF 3'- AND 5'-AZIDO AND AMINO ANALOGS 

OF 5-METHOXYMETHYL-2'-DEOXYURIDINE 

Guy T o u r i g n y , t  A l l a n  L S t u a r t I t t  I r e n a  E k i e l ,  ttt 
P h i l i p  J. Aduma,t t  and S a g a r  V. G u p t a t t  

Depar tments  o f  Chemistry+ a n d  V e t e r i n a r y  P h y s i o l o g i c a l  S c i e n c e s f +  
U n i v e r s i t y  of  Saska tchewan,  S a s k a t o o n  Saska tchewan,  S7N OWO, Canada, 
and  D i v i s i o n  o f  B i o l o g i c a l  S c i e n c e s  ,tft N a t i o n a l  Research C o u n c i l  of 
Canada,  O t t a w a ,  Canada,  K1A OR6. 

Abstract 
The m o l e c u l a r  c o n f o r m a t i o n s  o f  3'- and 5'-aZidO and amino d e r i v a -  

t i v e s  o f  5-methoxymethyl-2'-deoxyuridine, 1 ,  were i n v e s t i q a t e d  bv nmr. 
The g l y c o s i d i c  c o n f o r m a t i o n  o f  5-methoxymethyl-5 ' -amino-2 ' , 5 -dideoxy-  
u r i d i n e ,  2 had a c o n s i d e r a b l e  p o p u l a t i o n  of t h e  syn form.  The 5'- 
d e r i v a t i v e s  show a p r e f e r e n c e  f o r  t h e  5 c o n f o r m a t i o n  o f  t h e  f u r a n o s e  
r i n g  as i n  1. I n  c o n t r a s t ,  t h e  3 ' - d e r i v a t i v e s  show p r e f e r e n c e  for t h e  
- N c o n f o r m a t i o n .  F o r  S-methoxymethyl-3'-amino-2',3'-dideoxyuridine, 3, 
t h e  s h i f t  t o w a r d s  t h e  s t a t e  is p H  d e p e n d e n t .  T h e + p r e f e r r e d  conform- 
a t i o n  f o r  t h e  e x o c y c l i c  ( C 4 ' , C S ' )  s i d e  c h a i n  is g f o r  a l l  compounds 
e x c e p t  2 w h i c h  h a s  a s t r o n g  p r e f e r e n c e  f o r  t h e  t ro tamer  (79%). 
Compounds 1, 3 a n d  5 i n h i b i t e d  growth of HSV-1 by 50% a t  2, 18 and  70 
pg/ml r e s p e c t i v e l y ,  whereas  2 and Q w e r e  n o t  a c t i v e  up t o  256 w/ml 
( h i g h e s t  c o n c e n t r a t i o n  t e s t e d ) .  The compounds were n o t  c y t o t o x i c  u p  
t o  3 , 000 pM. 

INTRODUCTION 

S e v e r a l  i n v e s t i g a t o r s  h a v e  p r e p a r e d  3'- and 5 ' - a z i d o  and amino 

d e r i v a t i v e s  of  5 - s u b s t i t u t e d  p y r i m i d i n e  d e o x y r i b o n u c l e o s i d e s  i n  an 
1-4  

attempt t o  improve a n t i v i r a l  a c t i v i t y  a n d / o r  d e c r e a s e  c y t o t o x i c i t y .  

I n  m o s t  cases, r e p l a c e m e n t  o f  e i t he r  h y d r o x y l  g r o u p  of the d e o x y r i b o -  

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

a n t i v i r a l  a c t i v i t y .  The loss o f  a n t i h e r p e s  a c t i v i t y  of 5-bromovinyl-  

3'-amino-2',3'-dideoxyuridine w a s  a t t r i b u t e d  t o  i t s  s l o w  r a t e  o €  phos-  
4 

p h o r y l a t i o n  by v i r u s - i n d u c e d  p y r i m i d i n e  d e o x y r i b o n u c l e o s i d e  k i n a s e .  
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1190 TOURIGNY ET AL. 

No explanation has been put forward for the loss of antiherpes 

activity of other 3 '  and 5'-azido and amino nucleoside analogs. 1-3 

We have previously reported that inversion of configuration of the 

3'-hydroxyl group of 5-methoxymethyl-2'-deoxyuridine, I_ leads to com- 
plete loss of antiherpes activity, whereas 3'-g-derivatives were as 

active as the parent compound. Relationship between antiherpes 

activity and conformation of 1 and i ts  3 ' -  epimer, S-methoxymethyl-l- 

( 2 ' - d e o x y - $ - D - ~ f u r a n o s y l ) u r a c i 1  revealed the importance of molecu- 

lar geometry in determining the efficiency of phosphorylation by 

~iral-kinase.~ In this paper, the molecular conformations of 3 '  and 

5l-azido and amino derivatives of 1 and their activity against herpes 
simplex virus will be discussed. 

5-8 

CHEMISTRY 

5-Methoxymethyl-l - (5 '-O-triphenylmethyl-2'-deoxy-~-D-lyxofurano- 

syl )uracil6 was treated with methanesulfonyl chloride and lithium 

azide. Detritylation gave 5-methoxymethyl-3'-azido-2',3'-dideoxy- 

uridine, 2. Reduction of 2 with hydrogen in the presence of Pd-PEI 
yielded 5-methoxymethyl-3'-amino-2',3'-dideoxyuridinel 2. 5-Methoxy- 

methyl-5 ' -azido-2' I 5'-dideoxyuridine, 4 was prepared by the tosylation 
of 1 and azide substitution. Reduction with triphenylphosphine in 

pyridine gave 5-rnethoxymethyl-5'-amino-2 ' , S'-dideoxyuridine, 5. 5- 

Methoxymethyl-2'-deoxyuridine-3'-~-aminophenylphosphate 5 was prepared 
as described by Stuart et al.5 Structures are shown in FIG.  1. 

F I G .  1. 
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H-1 ' 6.27 

H-2' 2.37 

H-2" 2.42 

H-3' 4.41 

H-4' 4.03 

H-5' 3.84 

H-5" 3.76 

H-6 7.98 

4.23 
4.25 

3.36 

CH 2 

CH3 

6.20 

2.53 

2.55 

4.35 

4.04 

3.88 

3.80 

7.96 

4.28 

3.35 

6.28 

2.65 

2.64 

4.04 

4.25 

3.92 

3.83 

7.96 

4.24 

3.34 

6.20 

2.36 

2.27 

3.51 

3.81 

3.89 

3.77 

7.89 

4.21 

3.34 

6.28 

2.41 

2.51 

4.49 

4.1 1 

3.74 

3.60 

7.86 

4.25 

3.36 

6.17 

2.59 

2.41 

4.46 

4.11 

3.35 

3.21 

7.73 

4.24 

3.37 

6.27 

2.39 

2.55 

4.85 

4.20 

3.79 

3.72 

7.94 

4.23 

3.35 

a 
Q S p e c t r a  were recorded a t  t h e  fo l lowing  pH: 2, 8.1; 3, 6.3 and 10.3 

bData f o r  1 is includecl f o r  comparison. - 4, 7.4; 2, 7.9; and 6,  5.5. 

Nuclear  magnetic resonance a n a l y s i s :  The cnemical s h i f t  data  a r e  

summarized i n  TABLE 1. Chemical s h i f t s  were used for de te rmin ing  t n e  

conformation a b o u t  t h e  g l y c o s i d i c  bond i n  t h e  5 I - s u b s t i t u t e d  com- 

pounds. For the 5'-amino d e r i v a t i v e ,  5, H-2' i s  s h i f t e d  downf ie ld  by 

0.22 ppm and H-1' i s  s h i f t e d  u p f i e l d  by 0.1 ppm relative t o  1. 13C 

chemica l  s h i f t s  i n  t h e  o p p o s i t e  d i r e c t i o n  are observed: C-2' u p f i e l d  

1.3 ppm and C-1 ' downfield 2.2 ppm. The d i r e c t i o n  and magnitude of 

t h e s e  chemica l  s h i f t s  i n d i c a t e  a c o n s i d e r a b l e  popu la t ion  of  t h e  

form.' F u r t h e r  s u p p o r t  for such a conc lus ion  is provided  by the va lue  

of t h e  coup l ing  c o n s t a n t  J (C-2 ,  H-1 ) of 3.8 Hz, which is much h i g h e r  
3 
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TOURIGNY ET AL. 

J1'2' 6.2 5.8 6.1 

J1 ' 2" 6.5 6.4 6.7 

52'2" -14.0 -14.5 -14.7 

J2'3I 6.1 1 . 2  7.8 

52"3 ' 4.4 6.4 6.3 

53'4' 4.0 5.8 5.4 

54'5' 3.1 3.4 3.2 

J4'5" 4.6 4.3 4.4 

55'5" -12.2 - 2.7 -12.6 

53 'P -- -- -- 

4.3 

7.4 

-14.0 

7.7 

7.8 

6.8 

2.8 

4.5 

-12.4 

-- 

6.5 6.9 

6.8 6.9 

4.3 -14.1 

6.6 7.0 

4.6 4.7 

4.3 4.7 

3.6 3.6 

5.2 9.1 

3.6 -13.5 

-- -- 

7.1 

6.3 

4.3 

6.9 

3.3 

3.1 

3.4 

4.6 

2.4 

6.5 

t h a n  f o r  t y p i c a l  anti pyr imid ine  nuc leos iaes ."  On t h e  b a s i s  of t h i s  

d a t a ,  w e  conc lude  t h a t  2 a t  n e u t r a l  pH e x i s t s  as d syn ,A a n t i  

e q u i l i b r i u m  w i t n  s i m i l a r  p o p u l a t i o n s  of b o t n  f o r m s .  However,  a 

d i f f e r e n t  s i t u a t i o n  i s  p r e s e n t  i n  the 5 ' - az ido  d e r i v a t i v e ,  4, f o r  

which the chemica l  s h i f t s  of H - 1 '  and H-2' are n e a r l y  i d e n t i c a l  t o  

t h a t  of t n e  p a r e n t  compound I, which s u g g e s t s  t h a t  t h e  anti form i s  

p r e f e r r e d  €or 4. The chemica l  s h i f t  a n a l y s i s  of t n e  3 ' - d e r i v a t i v e s  t o  

de te rmine  t h e  conformat ion  of t h e  g l y c o s i d i c  bona w a s  n o t  conc lus ive .  

The p r o t o n  coup l ing  c o n s t a n t s  and confo rma t iona l  p o p u l a t i o n s  are 

summarized i n  TABLES 2 and 3. Values f o r  t h e  e q u i l i b r i u m  p o p u l a t i o n s  

of t h e  5 and E-states were c a l c u l a t e d  us ing  a p s e u d o r o t a t i o n a l  m o d e l  

w i th  t h e  e m p i r i c a l  pa rame te r s  of t h e  g e n e r a l i z e d  Karplus  r e l a t i o n s h i p ,  
1 1  

a s  d e r i v e d  b y  H a a s n o o t  e t  a l . ,  b a s e d  on a v e r a g e  v a l u e s  o f  t h e  
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5-METHOXYMETHYL-2'-DEOXYURIDZ" ANALOGS 1193 

TABLE 3. C o n f o r m a t i o n  p o p u l a t i o n s  ( % I :  S and  N-conformers of the 
f u r a n o s e  r i n g  and t h e  three rotamers of t he  e x o c y c l i c  C ( 5 ' )  
s i d e  c h a i n  . a 

Conformer 
l b  2 3c 

S 60 48 48 40 59 55 70  

N 40 52 52 60 41 45 30 

9+ 58 59 59 62 60 1 5  56 

8 11 9 4 6 6 11 4 
-e 

t 34 30 32 34 34 79 3 3  

aThe v a l u e s  r e p o r t e d  a re  a v e r a g e s  o v e r  a l l  best f i t  c o n f o r m a t i o n a l  
pa i r s  w i t h  a d e v i a  i o n  of < 5%. 
i s o n .  pH 6 . 3 .  pH 1 0 . 3 .  P r o t o n s  H-5' aqg H-5" were i d e n t i f i e d  
a c c o r d i n g  t o  t h e  method of Remin and Shugar .  
was c o n f i r m e d  by  NOE e x p e r i m e n t .  

bData f o r  _1_ i s  i n c l u d e d  f o r  compar- 
8 c  8 e 

For 2 t h i s  a s s i g n m e n t  

p s e u d o r o t a t i o n a l  parameter ( P )  and a m p l i t u d e  o f  p u c k e r i n g  (T ) found 

i n  d e o x y r i b o n u c l e o s i d e s . '  C a l c u l a t i o n s  i n d i c a t e d  t h a t  smal l  m o d i f i -  

c a t i o n s  i n  t h e  parameters o f  t h e  t w o  s t a t e s  p r e s e n t  i n  t h e  e q u i l i b r i u m  

d o  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  r e l a t i v e  p o p u l a t i o n s .  Al though 

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

s t a n d a r d  N-S e q u i l i b r i u m  o f  t h e  f u r a n o s e  r i n g ,  the v a l u e s  o b s e r v e d  f o r  

J ( 2 ' , 3 ' )  are s i g n i f i c a n t l y  h i g h e r  t h a n  e x p e c t e d ,  e s p e c i a l l y  i n  t h e  

3 ' -amino and 3'-aZidO d e r i v a t i v e s .  T h i s  can  be e x p l a i n e d  by t h e  

i n f l u e n c e  o f  t h e  s u b s t i t u e n t  e l e c t r o n e g a t i v i t y  ( o n l y  a p p r o x i m a t e l y  

t a k e n  i n t o  a c c o u n t  i n  t h e  c a l c u l a t i o n s  by the method o f  Haasnoot  

- a l . l l  1 or by t h e  i n f l u e n c e  of t h e  s u b s t i t u e n t  on t h e  geometry  of  the 

molecule .  A s i g n i f i c a n t  improvement  of the f i t  between e x p e r i m e n t a l  

and  c a l c u l a t e d  v a l u e s  o f  c o u p l i n g  c o n s t a n t s  w a s  o b t a i n e d  by  s h i f t i n g  

t h e  c o n f o r m a t i o n  e q u i l i b r i u m  to  2 I - e  2 ' - e  ( i n s t e a d  o f  t h e  

more common 3 ' - e  2 I - e )  and b y  f l a t t e n i n g  t h e  r i n g  

m 

(T m 
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1194 TOURIGNY ET AL. 

31-32O1, e s p e c i a l l y  i n  t h e  N-type s ta te .  For t h e  5 ' - d e r i v a t i v e s ,  4 
and 2, t h e  p o p u l a t i o n  of t h e  2-state is comparable t o  t h a t  of t h e  

p a r e n t  compound, 1. These va lues  are w i t h i n  t h e  range  r e p o r t e d  f o r  

deoxyr ibonuc leos ides .  l 2  The 3 ' - d e r i v a t i v e s ,  2 and 2, e x h i b i t  a small  

i n c r e a s e  i n  t h e  p o p u l a t i o n  of the N-state. A similar,  b u t  l a r g e r  

s h i f t  i n  confo rma t iona l  e q u i l i b r i u m  towards the 2-state has  been 

observed  f o r  t h e  3'-amino d e r i v a t i v e s  of a d e n 0 ~ i n e . l ~  For  t h e  3 ' -  

amino d e r i v a t i v e ,  t h e  s h i f t  towards t h e  N-state i s  pH dependent :  60% 

a t  p H  10.3 and 52% a t  pH 6.3. 

The  p o p u l a t i o n s  of the t h r e e  rotamers abou t  t h e  C(4')-C(5') bond 

were c a l c u l a t e d  u s i n g  t h e  pa rame te r s  of t h e  g e n e r a l i z e d  Karplus- type  

r e l a t i o n s h i p  deve loped  by Haasnoot e t  a l . '  The p r e f e r r e d  conforma- 

t i o n  f o r  t h e  3 ' d e r i v a t i v e s .  2 and 2, is g (59  and 62% r e s p e c t i v e l y )  

which is  s i m i l a r  t o  t h a t  ot 1 ( 5 8 % )  even though there is a s i g n i € i c a n t  

d i f f e r e n c e  i n  t h e  conformat ion  e q u i l i b r i u m  of t h e  f u r a n o s e  r ing .  I n  
+ 

c o n t r a s t ,  S ' - s u b s t i t u t i o n  results i n  an  a p p r e c i a b l e  d e c r e a s e  of t h e  p 
ro tamer  popu la t ion .  The 5'-amino d e r i v a t i v e ,  2, h a s  a s t r o n g  p r e f e r -  

+ 
ence  f o r  t h e  t ro tamer  (79%) .  A similar d e s t a b i l i z a t i o n  of t h e  p 

rotamer i n  5-Iodo-5 ' -amino-2 ' , 5 ' -d ideoxyur id ine '  and 5 ' -amino-5 ' - 
deoxythymidinel has  been r e p o r t e d .  Fur thermore ,  ou r  s t u d i e s  i n d i c a t e  

t h a t  t h e  conformat ion  of t h e  e x o c y c l i c  g roup  is pH and s o l v e n t  depen- 

d e n t ,  and t h a t  a t  p h y s i o l o g i c a l  pH v a l u e s ,  the g roup  i s  n e a r l y  r i g i d  

wi th  t h e  t rotamer i n  79% of t h e  molecules.  S ince  t h e  e x o c y c l i c  g roup  

i s  n e a r l y  r i g i d ,  a Nuclear  Overhauser Enhancement Method was used t o  

3 conf i rm t h i s  ass ignment .  However, it is i n t e r e s t i n g  t o  n o t e  t h a t  N 

or NH s u b s t i t u t i o n  a t  5 ' - p o s t i o n  has  l i t t l e  e € f e c t  on t h e  conforma- 

t i o n a l  e q u i l i b r i u m  of t h e  fu ranose  r i n g .  

+ 

2 

For comparison, the conformat ion  of 5-methoxymethyl-2'-deoxy- 

uridine-3'-p-aminophenylphosphate 5, which has  a bu lky  s u b s t i t u e n t  a t  

t h e  3 ' - p o s i t i o n  was de te rmined .  R e s u l t s  i n d i c a t e  t h a t  t h e  conforma- 

t i o n a l  p o p u l a t i o n s  of t h e  f u r a n o s e  r i n g  and t h e  C ( 5 ' )  e x o c y c l i c  s i d e  

c h a i n  a r e  s i m i l a r  t o  t h a t  of 1 (TABLE 3). These r e s u l t s  i n d i c a t e  t h a t  

t h e  p re sence  of t h e  bulky  E-aminophosphate group a t  t h e  3 I - z  posi- 

t i o n  h a s  l i t t l e  e f f e c t  on t h e  conformer p o p u l a t i o n s  of t h e  n u c l e o s i d e .  

S i m i l a r l y ,  a c e t y l a t i o n  of t h e  3'OH of 1 had l i t t l e  e f f e c t  on conforma- 

tion." S u b s t i t u t i o n  of t h e  3'-OH group by an amino g roup  l e a d s  t o  a 

small  change i n  conformer p o p u l a t i o n s  of f u r a n o s e  r i n g  which becomes 

more s i g n i f i c a n t  a t  h igh  pH. 
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CONCENTRATION (pg/ml) 

F I G .  2. Dose response  cu rves  f o r  compounds 1 to 5 a g a i n s t  HSV-1 
s t r a i n  KOS i n  Vero cel ls .  Vi rus  i n p u t  w a s  50 PFU. 

BIOLOGICAL 

The a n t i v i r a l  a c t i v i t y  of compounds 2 t o  -5- a g a i n s t  Herpes s implex  

v i r u s  type  1 (HSV-1) s t r a i n  KOS are shown i n  FIG. 2. The concent ra -  

t i o n  required t o  i n h i b i t  t h e  growth of v i r u s  by 50% (ED ) for com- 

pounds 1, 1 and 5 were 2 ,  18  and 70 py/ml r e s p e c t i v e l y .  A s i m i l a r  

dec rease  i n  a n t i h e r p e s  a c t i v i t y  was a l s o  r epor t ed  f o r  t h e  5'-amino 

d e r i v a t i v e s  of 5-halo-2'-deoxyribonucleosides and f o r  t h e  3'-amino 

d e r i v a t i v e  of 5-bromovinyl-2'-deoxyuridine. I n  c o n t r a s t ,  t h e  a z i d o  

d e r i v a t i v e s ,  compounds 2 and 4 were devoid of a c t i v i t y  a g a i n s t  HSV-1 

up t o  a c o n c e n t r a t i o n  of 256rg /ml  ( h i g n e s t  c o n c e n t r a t i o n  t e s t e d ) .  I t  

is noteworthy that  fi, which has  a bulky  s u b s t i t u e n t  a t  t h e  3 '-posi-  

t i o n ,  is almost as a c t i v e  as t h e  p a r e n t  compound. Compounds 2-2 d i d  

n o t  show any v i s i b l e  s i g n s  of t o x i c i t y  up to 3,000 JIM (monolayers).  

Compounds 2-5 were also devoid of a d v e r s e  e f f e c t  on normal c e l l  meta- 

bolism as de termined  by i n c o r p o r a t i o n  of methyl- H-tnymidine and 6- H- 

deoxyur id ine  i n t o  h o s t  c e l l  DNA up t o  1,200pM ( t h e  h i g h e s t  concent ra -  

t i o n  tes ted) .  Earlier s t u d i e s  have shown t h a t  has very  low mamma- 

50 

2,18 

4 

5 

3 3 
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1196 TOURIGNY ET AL.  

19-21 
Lian t o x i c i t y .  I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  amino ana- 

logues ,  2 and 5 are even less c y t o t o x i c  t h a n  t h e  p a r e n t  compound, 1. 

EXPERIMENTAL SECTION 
3 

T r i t i a t e d  thymidine  [methyl- H I ,  s p e c i f i c  a c t i v i t y  20 Ci/mmole, 

and t r i t i a t e d  deoxyur id ine  [6- H I ,  s p e c i f i c  a c t i v i t y  17.5 C i / m m o l e ,  

NSC so lubi l izer  and chemica l s  f o r  r a d i o a c t i v i t y  c o u n t i n g  were o b t a i n e d  

from A m e r s n a m / S e a r l e ,  Canada .  A L L  o t h e r  c h e m i c a l s  u s e d  were o f  

r e a g e n t  g rade .  Thin  l a y e r  chromatography (TLC) w a s  performed u s i n g  

s i l i c a  g e l  s h e e t s  (Machinery-Nagel) a t  22'. Compounds w e r e  detected 

as quenching  spots when viewed under  W l i g h t .  Rf v a l u e s  are 5 0.05. 

Evapora t ions  under reduced  p r e s s u r e  w e r e  performed on a Buchi r o t a r y  

e v a p o r a t o r  a t  30-35 . A Beckman r e c o r d i n g  spec t ropho tomete r ,  ModeL 

DU-8 w a s  used t o  measure t h e  spectra of compounds. R a d i o a c t i v i t y  w a s  

de te rmined  u s i n g  a l i q u i d  s c i n t i l l a t i o n  c o u n t e r  (Beckman Model LS 

8 ,000) .  The composi t ion  of s c i n t i l l a t i o n  f l u i d  w a s :  PPO, 5 g; POPOP, 

75 mg; t o l u e n e ,  1 l i t r e .  M e l t i n g  p o i n t s  were d e t e r m i n e d  w i t h  a 

Gallenkamp a p p a r a t u s  and a r e  uncor rec t ed .  Microanalyses  (C,  HI  N )  

were performed by the Department of Chemis t ry ,  U n i v e r s i t y  of Saska t -  

cnewan, Saska toon .  

3 

0 

NMR Spec t roscopy :  The NMR expe r imen t s  were carried o u t  u s i n g  

Bruker 200 and 500 MHz AM Spec t romete r s .  S p e c t r a  were reco raed  i n  t h e  

F o u r i e r  t r a n s f o r m  m o d e .  S o l u t i o n s  were made i n  D 0 a t  t h e  f o l l o w i n g  

c o n c e n t r a t i o n s :  2 ( 1 2  mM, pH 8.1), 2 (26 mM, pH 6.3 and 10.31, 2 (10 

mM, pH 7.4), 2 (24 mM, p H  7.9) and 5 (19 mM, p H  5.5). The p H  of NMR 

samples i n  D 0 r e f e r  t o  u n c o r r e c t e d  pH meter r e a d i n g s .  Chemical 

s h i f t s  w e r e  measured r e l a t i v e  t o  i n t e r n a l  t r i m e t h y l s i l y l p r o p a n e  s u l -  

f o n i c  a c i d ,  sodium s a l t  (TSP). The spectra were s i m u l a t e d  w i t h  the  

a id  of s t a n d a r d  Bruker s o f t w a r e  and f i n a l  c o u p l i n g  c o n s t a n t s  have a 

p r e c i s i o n  of 0.2 Hz. 

2 

2 

5-Methoxymethyl-3'-azido-2',3'-dideoxyuridine, 2: Metnanesu l fony l  

c h l o r i d e  (0.74 mL, 9.6 m m o l )  w a s  added t o  a s o l u t i o n  of 5-methoxy- 

m e t h y l - l - ~ 5 ' - O - t r ~ p h e n y l m e t h y l - 2 ' - d e o x y - ~ - D - ~ f u r a n o s y l ) u r a c ~ 1  ( 1  - 6  

g, 3.1 m m o l )  i n  15 mL of d r y  p y r i d i n e  and t h e  s o l u t i o n  w a s  s t irred a t  

4OC for  16 n. A f t e r  a d d i t i o n  of H 0 ( 0 . 4  mL) and s t i r r i n g  f o r  1 h ,  

t h e  r e a c t i o n  mix tu re  was added dropwise  t o  300 mL of i ce -wa te r .  The 

p r e c i p i t a t e  was r ecove red  by f i l t r a t i o n ,  d i s s o l v e d  i n  CHCl and the  

6 

2 

3 
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5-HETHOXYMETHYL-2'-DEOXYURIDINE ANALOGS 1197 

H2° s o l u t i o n  w a s  washed s u c c e s s i v e l y  wi th  0.1 M HC1, H20, 

and d r i e d  ove r  Na2S04. The s o l v e n t  was evapora ted  t o  y i e l d  S-methoxy- 

methyl -1  - ( 5' -O-triphenyLmethyl-3'-O-mesyl-2 ' - d e o x y - B - D - ~ f u r a n o s y l )  

u r a c i l  (1.8 9)  as an  amorphous powder. Tne mesyl d e r i v a t i v e  w a s  

d i s s o l v e d  i n  10 mL of d r y  DMF, a t h r e e f o l d  excess of L i N 3  w a s  added 

and the  mixture w a s  s t i r r e d  a t  100 C f o r  3 h under anhydrous condi- 

t i o n s .  The s o l u t i o n  was cooled and  added  t o  v i g o r o u s l y  s t i r r e d  

ice-water. The p r e c i p i t a t e  was i s o l a t e d  by f i l t r a t i o n ,  washed 

thoroughly  wi th  H20 and d r i e d  to y i e l d  5-rnethoxymethyl-S'-O-triphenyl- 

methyl-3'-azido-2',3'-dideoxyuridine (1.4 g, 85%).  For  d e t r i t y l a t i o n ,  

14.0 mL of 80% HOAC w a s  added and the mixture  w a s  k e p t  a t  5OoC f o r  3 

h. A f t e r  coo l ing ,  t r i pheny lme tnano l  w a s  removed by f i l t r a t i o n  and t h e  

s o l v e n t  was evapora ted .  The o i l y  r e s i d u e  was d i s s o l v e d  i n  a minimum 

amount of CHC13 and the s o l u t i o n  was a p p l i e d  t o  a s i l i ca  gel  column 

(2.5 x 90 c m )  p r ev ious ly  e q u i l i b r a t e d  wi th  CHCL The column w a s  

e l u t e d  wi th  450 mL of CHCl  fo l lowed by a 95:s mixture  of C H C l  -MeOH. 

The f r a c t i o n s  c o n t a i n i n g  2 (as monitored by TLC, R 0.30, E t O A c )  were 

combined and evapora ted  t o  g i v e  dn o i l y  r e s i d u e  which on s t o r a g e  a t  

4OC gave a whi te  amorphous powder (0.47 g ,  61%), mp 76-78 C ;  UV Amax 

(MeOH) 264 run, E 10,800 and ,I . 231 nm, B 2,450; Anal. C a l c .  f o r  

C H N 0 .1 /2  H20: C 43.14, H 5.26, N 22.87; found: C 43.24, H 

5.53, N 22.43. 

5% NaHC03, 

0 

3' 

3 3 

f 

0 

min 
11 15 5 5 

5-Methoxymethyl-3'-amino-2',3'-dideoxyuridine, 1: A s o l u t i o n  of 2 
(0.15 g ,  0.49 m m o l )  i n  75 mL df methanol w a s  nydrogenated under 35 p s i  

of hydrogen p r e s s u r e  d t  room tempera ture  i n  the presence  of 0.60 g of 

Pd-PEI f o r  8 h. The c a t a l y s t  w a s  removed by f i l t r a t i o n ,  t h e  f i l t r a t e  

a c i d i f i e d  wi th  HC1 and t h e  s o l v e n t  was evapora ted .  R e c r y s t a l l i z a t i o n  

from EtOH gave 2 as t h e  hydroch lo r ide  s a l t  (0.068 g ,  45%) ;  mp 163- 

164OC, uv ha, ( M e O H )  265 nm, E 11,100 and x~~~ 232 nm, 2,100; Anal. 

Calc.  f o r  C H N 0 C1: C 39.47, H 6.32, N 12.55; found: C 39.69, H 

6.17, N 12.09. 
11 18 3 5 

5-Methoxymethyl-5'-O-p-toluenesulfonyl-2'-deoxyuridine: p-Toluene- 

s u l f o n y l  c h l o r i d e  (2.5 g ,  13 m m o l )  w a s  added t o  a s o l u t i o n  o f  2 (3.0 

g ,  11 m m o l )  i n  15  mL of d r y  p y r i d i n e  and t h e  r e a c t i o n  mixture  w a s  

s t i r r e d  a t  4OC f o r  24 h. Af t e r  evapora t ion  of t h e  s o l v e n t ,  t h e  o i l y  

r e s i d u e  was r e p e a t e d l y  shaken wi th  e t h e r  ( 5  x 50 mL) and water ( 5  x 

100 mL) and the washings were d i sca rded .  The r e s i d u e  was d i s s o l v e d  i n  
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1198 TOURIGNY ET AL. 

CHC13, d r i e d  and  t h e  s o l v e n t  w a s  removed t o  y i e l d  a wh i t e  amorphous 

s o l i d  (3.4 g, 72%). R e c r y s t a l l i z a t i o n  f rom EtOAc g a v e  w h i t e  n e e d l e s :  

mp 151-152 C; UV X m a x  (MeOH) 263 nm, E 9,400 and hmin 241 nm, E 3,800; 

'HNMR (dmso-d6) 6 7.80, 7.48 ( d , d , 4 , J A B  = 8.05 HZr A r H ) ,  7.58 (s,1 

H-61, 6.14 (t,l,H-l'), 4.3-4.1 (m,3,H-3', H-5'. H-5"), 4.05 (sr2,CH2), 

3.8-3.4 ( m ,  1 ,H-4' ) , 3.24 ( S, 3,0CH3) , 2.42 (S, 3,p-CH3 ) r  2.3-2.0 

(mr2,H-2', H-2"); Anal .  C a l c .  f o r  C H N ass: C 50.70, H 5.20, N 

6.56; found:  C 51.09, H 5.41, N 6.45. 

0 

18 22 2 

5-Methoxymethyl-5'-azido-2',5'-dideoxyuridiner 4: L i t h i u m  a z i d e  

(0.40 g, 8.2 mmol) w a s  added  t o  a s o l u t i o n  of 5-methoxymethyl-5'-O-p- 

toluenesulfon~l-2'-deoxyuridine (1.07 g, 2.5 mmol) i n  8 mL o f  d r y  DMF 

and t h e  m i x t u r e  was s t i r red u n d e r  a n h y d r o u s  c o n d i t i o n s  a t  8OoC for 2 

h .  The s o l v e n t  w a s  removed and t h e  r e s i d u e  w a s  r e c r y s t a l l i z e d  from 

MeOH t o  y i e l d  4 (0.41 g, 55%); mp 159-160°C, UV iax (MeOH 264 nm,E 

9,900 and Xmin 231 nm, E 2,200; Anal.  C a l c .  €or C 

43.14, H 5.26, N 22.87; found:  C 42.95, H 5.31, N 22.94. 

H N 0 '1/2 H 0: C 
1 1  15 5 5 2 

5-Methoxymethyl-5'-amino-2', 5 ' - d i d e o x y u r i d i n e ,  _I: A m i x t u r e  of 4 
(0.15 g, 0.49 mmol) and t r i p h e n y l p h o s p h i n e  (0.23 g, 0.88 m m o l )  i n  1.5 

mL a n h y d r o u s  p y r i d i n e  was s t i r r e d  a t  3OoC f o r  1 h.  NH OH ( 0 . 2  mL) w a s  

added and t h e  s o l u t i o n  was s t i r r e d  f o r  2 h. A f t e r  removal  o f  the 

s o l v e n t ,  the r e s i d u e  w a s  t r i t u r a t e d  w i t h  H 0 ,  f i l t e r e d  a n d  t h e  a q u e o u s  

p h a s e  was e x t r a c t e d  s u c c e s s i v e l y  w i t h  b e n z e n e  ( 2  x 10 mL) and e t h e r  ( 2  

x 10 mL).  The pH w a s  a d j u s t e d  t o  2 w i t h  HC1 and t h e  s o l v e n t  w a s  

e v a p o r a t e d  t o  y i e l d  a n  amorphous powder. R e c r y s t a l l i z a t i o n  f rom E t O H  

g a v e  2 as  t h e  h y d r o c h l o r i d e  s a l t  (0.11 g, 70%) ;  mp 222-225OC ( d e c ) ;  UV 

(MeOH) 264 nm, E 10,400 and . 231 nm, E 2,300; Anal .  C a l c .  f o r  
'ma, min 
C H N 0 C1: C 42.93, H 5.90, N 13.65; found:  C 43.36, H 6.21, N 

13.12. 

B i o l o g i c a l  A c t i v i t y  

4 

2 

1 1  18 3 5 

( i )  C e l l  C u l t u r e  and V i r u s :  HSV-1 s t r a i n  KOS w a s  u s e d .  Vero 

ce l l s  were grown i n  Eagle minimal  e s s e n t i a l  medium (MEM) and  v i r u s  

s t o c k  w a s  p r e p a r e d  as p r e v i o u s l y  d e s c r i b e d .  
21 

( i i )  Drug I n h i b i t i o n  Assay:  A n t i v i r a l  a c t i v i t y  w a s  d e t e r m i n e d  

a c c o r d i n g  t o  p r o c e d u r e s  d e s c r i b e d  p r e v i o u s l y .  The c o n f l u e n t  ce l l  

monolayers  were i n f e c t e d  w i t h  50 p l a q u e  gorming  u n i t s  of v i r u s / w e l l .  

A f t e r  1 h ,  the  u n a d s o r b e d  v i r u s  w a s  removed by washing  w i t h  p l a i n  MEM 

s o l u t i o n .  Each compound d i s s o l v e d  i n  a s s a y  media (MEM c o n t a i n i n g  4% 

21 
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5-METHOXYMETHYL-2'-DEOXYURIDINE ANALOGS 1199 

FCS) a t  t h e  appropriate c o n c e n t r a t i o n  w a s  added.  F o r  p l a q u e  a s s a y s ,  1 

u n i t  o f  n e u t r a l i z i n g  a n t i b o d y  w a s  i n c l u d e d  i n  the c u l t u r e  f l u i d .  

A f t e r  72 h i n c u b a t i o n  a t  37OC and 5% CO p l a q u e s  were s t a i n e d  and 

enumera ted .  I n  e a c h  e x p e r i m e n t ,  t o x i c i t y  c o n t r o l s  ( c o n t a i n i n g  t e s t  

compound and medium o n l y ) ,  c e l l  c o n t r o l s  ( c o n t a i n i n g  medium o n l y )  and 

v i r u s  c o n t r o l s  ( c o n t a i n i n g  v i r u s  and medium o n l y )  were r u n  s i m u l t a n -  

e o u s l y .  From d o s e  r e s p o n s e  c u r v e s ,  the c o n c e n t r a t i o n  of  e a c h  compound 

r e q u i r e d  t o  c a u s e  50% r e d u c t i o n  i n  p l a q u e  numbers w a s  d e t e r m i n e d .  The 

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

2, 

( iii ) D e o x y r i b o n u c l e o s i d e  Uptake S t u d i e s :  E f f e c t s  o f  compounds 

on the i n c o r p o r a t i o n  o f  m e t h ~ l - ~ H - t h y m i d i n e  and 6-3H-deoxyuridine i n t o  

DNA were i n v e s t i g a t e d  u s i n g  r a b b i t  k i d n e y  (RK-13) ce l l s  a c c o r d i n g  t o  

p r o c e d u r e s  d e s c r i b e d  p r e v i o u s l y . '  C o n t r o l  cells  ( w i t h o u t  e x p o s u r e  t o  

d r u g  or l abe l )  were p r o c e s s e d  i n  a n  i d e n t i c a l  manner f o r  e a c h  experi-  

ment. The d a t a  were e x p r e s s e d  as p e r c e n t a g e  i n h i b i t i o n  as compared 

w i t h  c o n t r o l  v e r s u s  d r u g  c o n c e n t r a t i o n .  
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