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ABSTRACT - The t i t l e  compound was syn thes i sed  and tested a g a i n s t  HSV-1 
i n  c e l l  c u l t u r e .  Like r e l a t e d  compounds, i t  was less  a c t i v e  than  t h e  
parent nucleoside.  

Nucleosides have considerable  p o t e n t i a l  as a n t i v i r a l  and an t i cance r  

agents  and many chemical modif icat ions have been t r i e d  i n  t h e  sea rch  

f o r  u se fu l  b io log ica l  a c t i v i t y  ’. 
produce a c t i v i t y  i n  t h e  n a t u r a l l y  occurr ing a n t i b i o t i c  ar is teromycin 

is replacement of t h e  sugar r i n g  oxygen atom by a methylene group. 

s u b s t i t u t i o n  has  been incorporated i n t o  a number of s y n t h e t i c  nucleo- 

s i d e s  g iv ing  t h e  carbocycl ic  family of analogues ’. 
compounds o f t e n  r e t a i n  t h e  b io log ica l  p r o p e r t i e s  of t h e  pa ren t  nucleo- 

s i d e  while showing g r e a t e r  r e s i s t a n c e  t o  t h e  enzymes r e spons ib l e  f o r  

t h e i r  catabol ism and i n a c t i v a t i o n .  For example, t h e  a n t i v i r a l  agent  

1-8-D-arabinofuranosyladenine is deac t iva t ed  by adenosine deaminase 

whereas the  ca rbocyc l i c  analogue i s  r e s i s t a n t  t o  deamination while  

r e t a i n i n g  a n t i v i r a l  a c t i v i t y  4-6. 

A mod i f i ca t ion  found t o  
2 

This 

These 

Furthermore, a s  ca rbocyc l i c  

(‘npyright 0 1986 by Marcel Dekker, Inc. 
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572 GOODCHILD, WADSWORTH, AND SIM 

d e r i v a t i v e s  l a c k  a t r u e  g l y c o s i d i c  bond, t hey  are a l s o  r e s i s t a n t  t o  t h e  

phosphorylases  and h y d r o l a s e s  r e s p o n s i b l e  for t h e  i n a c t i v a t i o n  of many 

nuc leos ides  by d e g l y c o s y l a t i o n  4 8  7 3 8 .  

r o u t e  f o r  t h e  metabolism and i n a c t i v a t i o n  o f  t h e  p o t e n t  a n t i - h e r p e t i c  

(E)-5-(2-bromovinyl)-2 ' -deoxyuridine ( B V D U ; a )  '. Recent ly ,  

s e v e r a l  r e p o r t s  have appeared  on t h e  c a r b o c y c l i c  ana logue  of t h i s  

compound and o t h e r  a c t i v e  5 - s u b s t i t u t e d  deoxypyr imidine  n u c l e o s i d e s  3 '  

We a l s o  have been s t u d y i n g  t h e  a n t i - h e r p e s  a c t i v i t y  of  t h i s  series 

Deg lycosy la t ion  i s  a major 

o f  compounds and we wish t o  r e p o r t  a new member o f  t h e  f a m i l y ,  t h e  

c a r b o c y c l i c  ana logue  of 5-(l-propenyl)-2'-deoxyuridine ( & I .  

EXPERIMENTAL s&cm 
Melting p o i n t s  were determined on a n  E l e c t r o t h e r m a l  a p p a r a t u s  and 

are no t  c o r r e c t e d .  A l l  compounds were c h a r a c t e r i z e d  by NMR on  a Var i an  

FTIOA ins t rumen t  and by chemica l - ion iza t ion  mass spec t roscopy  on  a 

Finnigan  4000 ins t rumen t  and have c o r r e c t  e l e m e n t a l  a n a l y s e s  ( t o  w i t h i n  

- + 0.4%) or  accurate mass d e t e r m i n a t i o n s .  

The (+ ) -ca rbocyc l i c  ana logues  of 2 ' -deoxyur id ine ,  d '-deoxyuridine 

and 5-iodo-2'-deoxyuridine ($,fi,&) were p repa red  by t h e  methods of 
Shea ly  C& d.3'14815. S u b s t i t u t i o n s  a t  t h e  5- p o s i t i o n  t o  g i v e  

- 2a ,  a,& and I were performed by t h e  same methods d e s c r i b e d  f o r  t h e  

pa ren t  n u c l e o s i d e s  l6 based on r e a c t i o n s  developed by Bergstrom 

and Ruth 1 7 .  

t h e  5- s u b s t i t u e n t  were e s s e n t i a l l y  t h e  same as  t h o s e  f o r  t h e  p a r e n t  

nuc leos ides  used t o  assign t h e  E-s te reochemis t ry  16. 

s y n t h e s i s  o f  t h e  5-(2-carbomethoxyvinyl) and 5-(2-bromovinyl) d e r i v a  

t i v e s  (& and a) have been r e p o r t e d  p r e v i o u s l y  by o t h e r  workers  11i13. 

UV S p e c t r a  and coup l ing  c o n s t a n t s  f o r  p r o t o n s  i n  

The 

( 5 ) -  (E)-5-( 1-ProDenvl )-1-lluL3J, 4a)-3-hydroxv-4--hydroxv-4-~dro~et hv l )cvc loD en- 

t ! , l ] - 2 , 4 ~ ~ - ~ ~ r i m i d i n e d i o ~ ~ ( ~ ) .  

( l . l g ,  4 . 9 ~ 1 ~ 0 1 )  i n  water (41mL) was added mercu ry ( I1 )  acetate (1.72g, 

5 . 4 m o l ) .  

c h l o r i d e  (0.72g, 12.4mmol) i n  water (5mL) was added and t h e  r e a c t i o n  

s t i r r e d  a t  room tempera tu re  f o r  a f u r t h e r  16h. The p r e c i p i t a t e  was 

c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  aqueous sodium c h l o r i d e  s o l u t i o n  

( O . l M ) ,  water, e t h a n o l  and f i n a l l y  e t h e r .  To a s t i r r e d  suspens ion  of 

t h e  p r e c i p i t a t e  i n  methanol (20mL) was added a 0.1M methano l i c  s o l u t i o n  

To a s t i r r e d  s o l u t i o n  of & 

After h e a t i n g  a t  55' for  3h, a s o l u t i o n  of sodium 
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CARBOCYCLIC ANALOGUE OF 5-(1-PROPENYL)-2'-DEOXYURIDINE 573 

of Li2PdCl4 (5mL) and a l l y 1  c h l o r i d e  ( 1 . 5  mL, 18.4mmol). 
After 3h. hydrogen s u l p h i d e  was passed through t h e  s o l u t i o n  f o r  1-2min 

fo l lowed by n i t r o g e n  ( t o  remove excess H2S). 

s u l p h i d e s  were removed by c e n t r i f u g a t i o n  and washed twice w i t h  

methanol.  

t h e  r e s i d u e  d i s s o l v e d  i n  e t h a n o l  (25mL) and r e f l u x e d  under n i t r o g e n  for 

16h wi th  RhCl(PPh313 (50mg. prepared  by t h e  method of 

Bennet t  and Longstaff 18) .  

spec t roscopy  (& h a s  Amax 300nm compared t o  277nm for t h e  

nonconjugated p r e c u r s o r )  o r  by TLC on r e v e r s e  phase s i l i c a  i n  E t O H : O . l M  

N a C l  (2:3) (where & moves slower t h a n  i ts  p r e c u r s o r ) .  If n e c e s s a r y ,  

more c a t a l y s t  was added and r e f l u x  con t inued  for  up t o  36h. S o l i d  

m a t e r i a l  was removed by f i l t r a t i o n  through Whatman paper  GF/A and t h e  

f i l t r a t e  t aken  t o  d r y n e s s  under  vacuum. Des i r ed  p roduc t  was e x t r a c t e d  

from t h e  r e s i d u a l  brown gum w i t h  e t h y l  acetate. 

s o l v e n t  gave  a w h i t e  s o l i d  which was t a k e n  up i n  water :methanol  (2 :3 )  

and p u r i f i e d  on  a column o f  Sephadex LH20 by e l u t i o n  w i t h  water t o  g i v e  

- 4a (245mg, 19% o v e r a l l  y i e l d ) .  R e c r y s t a l l i z a t i o n  from e t h y l  acetate 
gave a n  a n a l y t i c a l l y  pu re  sample,  mp 165-168'. 

P r e c i p i t a t e d  metal 

S o l v e n t  was evapora t ed  from t h e  combined s u p e r n a t a n t s  and 

The r e a c t i o n  was followed by UV 

Evapora t ion  of t h e  

Anal. (Cl3Hl8N2O4) C , H . N .  

(+)-(E)-5-(l-Pro~envl)-l--JJla. 26. 4a)-2-hvdroxv-4-(hvdroxvmethvl) - 

c~clo~entvl]-2.4(1H.3H)-~yrirnidinedione ( 7 ) .  Th i s  compound was pre- 

pared from 6 by t h e  same method used t o  p r e p a r e  &. C r y s t a l l i z a t i o n  

from e t h y l  acetate gave  an  a n a l y t i c a l l y  p u r e  sample,  mp 198.5-199O ( d e c ) .  

Anal. (C13Hl@20,) C , H , N .  

A n t i v i r a l  assavs. A n t i v i r a l  a c t i v i t y  was a s s e s s e d  by a microplaque  

r e d u c t i o n  method us ing  t h e  S3 s t r a i n  o f  HSV-1 16. 

i n f e c t i v i t y  end-point t i t r a t i o n s  were performed by i n o c u l a t i o n  of 

Serial 0 .5  l o g l o  d i l u t i o n s  of v i r u s  on monolayers of baby hamster  

kidney c e l l s  i n  f la t -bot tomed m i c r o t i t r e  p l a t e s  (Flow L a b o r a t o r i e s ,  

I r v i n e ,  S c o t l a n d ) .  T e s t  compounds were inc luded  a t  t h e  r e q u i r e d  

c o n c e n t r a t i o n  i n  t h e  o v e r l a y  (Eagles minimal essential  medium. 

Dulbecco's m o d i f i c a t i o n ,  c o n t a i n i n g  10% donor calf  serum [Flow 

L a b o r a t o r i e s ]  and 0.5% ca rboxymethy lce l lu lose  [Sigma Chemical Co.1). 
The minimum i n h i b i t o r y  c o n c e n t r a t i o n  ( M E )  of each  compound was 
determined t o  be t h e  least  c o n c e n t r a t i o n  t h a t  gave  a r e d u c t i o n  i n  v i r u s  

V i r u s  
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574 GOODCHILiJ,  WADSWORTH, AND SIM 

i n f e c t i v i t y  end-point of n o t  less  t h a n  1 loglo compared w i t h  t h e  

non-drug-treated c o n t r o l .  

RESULTS AND D I S C U S S I O N  

5-Subs t i t u t ed  2'-deoxypyrimidine n u c l e o s i d e s  have proven t o  be a 

c l a s s  o f  compounds r i c h  i n  a n t i - h e r p e s  a c t i v i t y  1*19*20. 

most p o t e n t  of  t h e s e  a g a i n s t  HSV-1 

major r o u t e  for t h e  metabolism and i n a c t i v a t i o n  of t h i s  compound i~ 

Viva seems t o  be d e g l y c o s y l a t i o n  and so w e  s y n t h e s i z e d  i t s  
c a r b o c y c l i c  ana logue  (a). I n  a d d i t i o n ,  we p repa red  c a r b o c y c l i c  

ana logues  (4a ,  5a )  of t h e  known a n t i v i r a l  a g e n t s  5-propenyl- 

and 5-iodo-2'- deoxyur id ine  23.  

s u b s t i t u t i o n  o f  la. As t h e  s y n t h e s i s  o f  a by t h e  method o f  Shea ly  & 

a. 14,15 a l s o  y i e l d s  t h e  3'-deoxy isomer 6, w e  prepared  i t s  

propenyl d e r i v a t i v e  1 for comparison. 

The 

v i t r o  is BVDU (a) 21. A 

22 

These compounds were made by 

The compounds were t e s t e d  f o r  a n t i v i r a l  a c t i v i t y  a g a i n s t  HSV-1 i n  a 

microplaque r e d u c t i o n  a s s a y  and r e s u l t s  are p r e s e n t e d  i n  t h e  Table .  

Three c a r b o c y c l i c  compounds (3a-5a) showed a n t i v i r a l  a c t i v i t y  b u t  i n  

a l l  c a s e s  t h e y  were less a c t i v e  t h a n  t h e i r  r e s p e c t i v e  p a r e n t  nucleo- 

s i d e s  and e s p e c i a l l y  so i n  t h e  case o f  a. D i f f e r e n c e s  i n  a n t i v i r a l  
a c t i v i t y  amongst t h e  compounds & - were much less t h a n  f o r  t h e  

cor responding  p a r e n t  nuc leos ides .  I n  view o f  t h e  moderate a n t i v i r a l  

a c t i v i t y  o f  t h e  s y n t h e t i c  i n t e r m e d i a t e  2p determined  p r e v i o u s l y  16, 

w e  a l s o  tes ted t h e  c a r b o c y c l i c  ana logue  & b u t  i t  was w i t h o u t  a c t i v i t y  

a t  t h e  h i g h e s t  c o n c e n t r a t i o n  ( 1 0 0 p g / m l ) .  

d i f f e r i n g  o n l y  i n  t h e  p o s i t i o n  o f  t h e  secondary  hydoxyl group,  o n l y  t h e  

former was a c t i v e .  T h i s  i s  i n  accord w i t h  t h e  s t u d i e s  o f  a related 

series where t h e  3'-deoxy ana logues  were found t o  be i n a c t i v e  a s  were 
t h e  u n s u b s t i t u t e d  compounds la and 6 '. 

O f  t h e  i somers  & and 2, 

It would appea r  t h a t ,  as i n  t h e  2 ' -deoxyur id ine  ser ies ,  t h e  
5 - s u b s t i t u e n t s  i n  t h e  c a r b o c y c l i c  ana logues  de t e rmine  t h e  deg ree  o f  

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

q u a l i t a t i v e l y  similar effects i n  t h e  two series. 

After we began t h i s  work, t h e  s y n t h e s i s  and a c t i v i t y  o f  a and & 
as w e l l  as t h e  s y n t h e s i s  o f  

Thei r  s t u d i e s  o f  t h e  anti-HSV-1 a c t i v i t y  o f  and compared w i t h  

were r e p o r t e d  by o t h e r  workers  11-13. 
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CARBOCYCLIC ANALOGUE OF 5-(1-PROPENYL)-2'-DEOXYURIDINE 575 

4-a X = CH2 
4-b X = 0 

HO 

N l a  X = C H ,  La X = C H 2  
I b  X = O  2 b  X = O  

15 cc 

4 
,I 

HO 

3 b  X a O  
h. 

OH 

7 
CI 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



576 GOODCHILD, WADSWORTH, AND SIM 

Comwound 

Comparison of t h e  a n t i v i r a l  a c t i v i t y  of  c a r b o c y c l i c  
5 - subs t i t u t ed  deoxyur id ines  and t h e i r  p a r e n t  n u c l e o s i d e s  

a g a i n s t  HSV-1 i n  ce l l  c u l t u r e s  

- s t i t u e  pi. M I C a  ).lR/ml 
Car b o w z c  DePXlYribDBR 

(E)-CH=CHCO,CH~ ) 100 

(El-CH=CHBr 5 

(E) -CH=CHCH3 5 

I 1 

H > l o o  
H ) loo 

(E)-CH=CHCH3 > l o o  

10 

0.005 

0.5 

0.5 

a Minimum i n h i b i t o r y  c o n c e n t r a t i o n  = lowest c o n c e n t r a t i o n  r e q u i r e d  t o  
g i v e  a 1 log 
s t r a i n  S3. t l ? r a t e d  o n  monolayers of  BHK21 c e l l s .  

r e d u c t i o n  i n  t h e  i n f e c t i v i t y  end-point of  HSV-1, 

t h e i r  p a r e n t  n u c l e o s i d e s  show q u a l i t a t i v e l y  s i m i l a r  t r e n d s  t o  o u r s  bu t  

g r e a t e r  relative a c t i v i t y  i n  t h e  c a r b o c y c l i c  compounds. 

I n  t h e  compounds s t u d i e d  so f a r ,  t h e  c a r b o c y c l i c  m o d i f i c a t i o n  

u s u a l l y  r e s u l t s  i n  a r e d u c t i o n  o f  a c t i v i t y  of S-subs t i tu ted-2 ' -  

deoxyur id ine  a g a i n s t  HSV-1 i n  c e l l  c u l t u r e  and i n  one an ima l  s t u d y  'O. 

Our f i n d i n g s  wi th  t h e  5-propenyl s u b s t i t u e n t  f u r t h e r  ex tend  t h e s e  

o b s e r v a t i o n s .  
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