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NUCLEOSIDES & NUCLEOTIDES , 5 (  1) , 95-112 ( 1 9 8 6 )  

STRUCTURE AND CONFORMATION OF THE ANTIVIRAL AGENT 
5-METHOXYMETHYL-2'-DEOXYURIDINE 

Ossama A . L .  El-Kabbanit ,  Irena E k i e l t t ,  Lou i s  
T.J. Delbaere-f-, Guy Tourigny???, A l l a n  L. S t u a r t §  

and Sagar  V. Gupta§* 

?Departments of  B iochemis t ry ,  ???Chemistry and § 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 ,  U n i v e r s i t y  of  Saskatchewan, Saska- 
toon,  Canada, S7N OW0 and ??Div i s ion  of Riological S c i e n c e s ,  
N a t i o n a l  Resea rch  C o u n c i l  of  Canada, O t t a w a ,  Canada, K1A 
OR6. 

Abstract - The t h r e e  d imens iona l  s t r u c t u r e  of  t h e  a n t i v i r a l  
a g e n t ,  5-methoxymethyl-2'-deoxyuridine (MMdUrd) w a s  d e t e r -  
mined by x-ray d i f f r a c t i o n  methods. MMdLJrd c r y s t a l l i z e d  i n  
space g w u p  pz12 2 of $he or thorhombig system w i t h  - a = 
9.166(1)A, b = 23.348(1)A, c = 5.270(1)A and Z = 4. The 
c o n f o r m a t i o n  of  t h e  g l y c o s y l b o n d  is - a n t i  (x = 233.301, t h e  
deoxyr ibose  r i n g  h a s  t h e  C(2 '1-endo e n v e l o p e  confo rma t ion  
( E ) ,  t h e  CH OH s i d e  c h a i n  h a s  t h e  g+ confo rma t ion  and t h e  
methoxy g roup  a t  t h e  C ( 5 )  p o s i t i o n  i s  on t h e  same s i d e  of 
t h e  p y r i m i d i n e  p l a n e  as t h e  O ( 4 ' )  oxygen. NMR s p e c t r o s c o p y  
w a s  used t o  de te rmine  t h e  confo rma t ion  i n  s o l u t i o n .  The 
s p e c t r a  i n d i c a t e  t h a t  t h e  s u y a r  r i n g  e x i s t s  i n  a 6 0 : 4 0  
e q u i l i b r i u m  of t h e  S- and N-states.  The p o p u l a t i o n  of t h e  
t h r e e  r o t a m e r s  a b o u t  t h e  e x o c y c l i c  C ( 4 ' ) - C ( 5 ' )  bond were 
e s t i m a t e d  t o  be g : t : q  : :61%:31%:8%. The c o r r e l a t i o n  of  
molecu la r  confo rma t ion  w i t h  a n t i v i r a l  a c t i v i t y  i s  d i s c u s s e d .  

2 
2 

- + 

INTRODUCTION 
1-6 

Pyr imid ine  n u c l e o s i d e s  are u s e f u l  t h e r a p e u t i c  a g e n t s  . 
The b i o l o g i c a l  e f f e c t s  e l i c i t e d  b y  t h e s e  compounds are  

e i t h e r  due t o  t h e  i n h i b i t i o n  of key enzymes i n v o l v e d  i n  
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96 EL-KABBANI ET AL. 

nuc le i c  ac id  b iosyn thes i s ,  o r  due t o  t h e  formation of f raud-  

u l e n t  nuc le i c  a c i d s  which are unable t o  func t ion  normally as 

a r e s u l t  of t he  inco rpora t ion  of t hese  pyrimidine antimetab- 

o l i t e s  . For pyrimidine deoxyribonucleoside ana logs ,  

t he  na tu re  of t he  C(5 )  s u b s t i t u e n t  i s  an impor tan t  f a c t o r  i n  

1-3,7,8 

1 ,2 ,4 ,6 ,9 ,10  
the  de te rmina t ion  of b i o l o g i c a l  a c t i v i t y  

I n  t h e  l a s t  t e n  yea r s ,  s e v e r a l  5 - subs t i t u t ed  deoxyuri-  

d ine  d e r i v a t i v e s  with s e l e c t i v e  an t ihe rpes  a c t i v i t y  have 
4-6,10-14 

been repor ted  . I n  our  l abora to ry ,  w e  have been 

eva lua t ing  a n t i v i r a l  a c t i v i t y  of compounds r e l a t e d  t o  5- 

hydroxymethyl-2'-deoxyuridine (HMdUrd) . This  unique 

an t ime tabo l i t e  has  been shown t o  r ep lace  2'-deoxythymidine 

(dThd) i n  t h e  DNA of c e r t a i n  l y t i c  bac te r iophages  . The 

r a t i o n a l e  f o r  the  s y n t h e s i s  of compounds r e l a t e d  t o  HMdUrd 

has been d iscussed  p rev ious ly  . HMdUrd i s  a p o t e n t  

cy to tox ic  agent  , whereas i t s  corresponding methyl 

d e r i v a t i v e ,  5-methoxymethyl-2'-deoxyuridine (MMdUrd) is a 

s e l e c t i v e  an t ihe rpes  a g e n t  I n  t e  re s t i n g l y  , 
higher  e t h e r  homologues w e r e  devoid of a n t i v i r a l  a c t i v i t y  as 

w e l l  as c y t o t o ~ i c i t y ~ ' ~ ~ .  The s e l e c t i v e  a n t i v i r a l  a c t i v i t y  

of MMdUrd results from i t s  2hosphorylat ion by virus- induced 

The pyrimidine deoxyribonucleoside k inase  ( V i r a l - K )  . 
nucleo t ide ,  a f t e r  conversion t o  i ts  corresponding t r iphos -  

phate ,  is a s e l e c t i v e  compet i t ive  i n h i b i t o r  of v i ra l - induced  

DNA-dependent DNA polymerase . Thus, i n s e r t i o n  of a methyl 

group confers  s e l e c t i v e l y  of act ion a g a i n s t  herpes  s implex 

2 v i r u s .  Elongation of t h i s  side cha in  by on ly  one e x t r a  CH 

group (5-ethoxymethyl-2'-deoxyuridine) completely a b o l i s h e s  

a n t i v i r a l  a c t i v i t y .  

15-21 

22,23 

9 

10,24,25 

15-1 7,26,27 

28  

29 

Three  dimensional s t r u c t u r a l  s t u d i e s  on nuc leos ide  ana- 

logs  with s e l e c t i v e  a n t i v i r a l  a c t i v i t y  should provide u s e f u l  

information about  t h e  s te r ic  conformation r equ i r ed  f o r  pre- 
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5-METHOXYMETHYL-2'-DEOXYURIDINE 97 

f e r e n t i a l  p h o s p h o r y l a t i o n  by V i r a l - K .  The c o r r e l a t i o n  of  

molecu la r  conformation w i t h  b i o l o g i c a l  a c t i v i t y  s h o u l d  pro- 

v i d e  i n s i g h t  f o r  r a t i o n a l  development of a n t i v i r a l  d r u g s .  

I n  t h i s  paper, s t u d i e s  on t h e  t h r e e  d imens iona l  s t r u c t u r e  of  

MMdUrd by X-ray c r y s t a l l o g r a p h y  and NMR s p e c t r o s c o p y  are 

r e p o r t e d  . 
RESULTS AND DISCUSSION 

X-ray s t r u c t u r e  

The d a t a  on t h e  bond l e n g t h s  and a n g l e s  de t e rmined  f o r  

MMdUrd are summarized i n  TABLES 1 and 2 and a stereoscopic 

view of t h e  molecule  is shown i n  FIG. 1. The bond a n g l e s  i n  

MMdUrd f o r  C(2)-N(1 )-C(1 ' 1 ,  C(6)-N(1 )-C(1 ' 1  and N(l )-C(1 ' 1- 

O(4') are 117.3(2Io, 120.9(2)' and 108.4(2)', r e s p e c t i v e l y .  

These v a l u e s  are similar t o  t h o s e  reported for dThd . The 

co r re spond ing  v a l u e s  f o r  HMdUrd are 118.7(4)', 118.5(4)" and 

104.7(4)', r e s p e c t i v e l y  . The s e l e c t e d  t o r s i o n  a n g l e s  i n -  

v o l v i n g  non-hydrogen atoms i n  MMdUrd are shown i n  TABLE 3. 

The confo rma t ion  of t h e  c r y s t a l l o g r a p h i c a l l y - i n d e p e n d e n t  

molecule  a b o u t  t h e  g l y c o s y l  bond i s  a n t i  and t h e  g l y c o s i d i c  

t o r s i o n  a n g l e  0(4')-C(l ' )-N(l )-C(2), x, h a s  a v a l u e  of 

233.3O, which i s  w i t h i n  t h e  normal r ange  f o r  py r imid ine -2 ' -  

deoxyr ibonuc leos ides  w i t h  t h e  a n t i  con fo rma t ion  . T h i s  

v a l u e  is similar t o  the t o r s i o n  a n g l e ,  x = 236.4O, c a l c u -  

l a t e d  f o r  HMdUrd . The confo rma t ion  of t h e  methoxy g roup  

can  be e x p r e s s e d  by t h e  t o r s i o n  a n g l e s  C(5)-C(5,1)-0(5,2)- 

C(5,3), -114.2O and C(6)-C(5)-C(5,1 )-0(5,2), -99.2O. For 

HMdUrd t w o  possible v a l u e s  f o r  t h e  t o r s i o n  a n g l e  C(61-C(5)- 

C(5,1)-0(5,2), -78.4' and -2.5O, for  t h e  t w o  d i s o r d e r e d  

p o s i t i o n s  of 0(5,2) have been r e p o r t e d  by Birnbaum e t  a1  . 

30 

31 

32 

31 

31 
-- 

The deoxyr ibose  r i n g  h a s  a n  enve lope  confo rma t ion  i n  

MMdUrd, dThd and HMdUrd . The confo rma t ions  and t h e  d i s -  
30 31 
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EL-KABBANI ET AL. 98 

0 
TABLE 1. Bond d i s t a n c e s  ( A )  

N(1 )-C(2) 1.392(3)* C(5,l )-0(5,2) 1.438(3) 

"1 )-C(61 7 .368(3) 0(5,2)-C(5,3) 1.414(5) 

N ( l  )-C(1 ' ) 1.465(3) C(1 ')-C(2' 1 1.512(4) 

C(2)-0(2) 1.205(3) C(l ' )-0(4' 1 1.429(3) 

C ( 2 -N ( 3  1 1.383(3) C(2')-C(3') 1.507(4) 

N (3 )-C( 4) 1.371 (4) C(3' )-0(3' ) 1.435 (3) 

C( 4 1-0 (4 1 1.228(3) C(3')-C(4') 1.527(4) 

c (4 1 -c (5 1 1 .451 (3) C(4' )-0(4' 1 1.452(3) 

C(5)-C(5,1 ) 1.492(4) C(4' )-C(5' ) 1.505(4) 

C (5 1 -C( 6 1.347(4) C(5)-0(5') 1.408(4) 

TABLE 2 .  Bond angles  (deg)  

123.7 ( 2 )  

108.4 (2) 

114.8(2) 

105.5 (2 ) 

108.6( 2) 

101 .4(2) 

106.8 (2 

103.1 (2) 

1 1  1.6(2) 

106.2 (2 ) 

108.8 (2) 

1 1  5.1 (2) 

110.9(3) 

*Estimated s tandard  dev ia t ion  of t h e  las t  d i g i t  is given i n  
parentheses .  
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99 

FIG. 1. Stereoscopic view of MMdUrd 

TABLE 3. Selected tors ion angles (deg) 

C(l')-C(2')-C(3')-C(4') -36 .O 

C(2')-C(3')-C(4')-0(4') 22.4 

C(3')-C(4')-0(4I)-C(l') 1.4 

C(4')-0(4')-C(l')-C(2') -24.8 

0(4')-C(l')-C(2')-C(3') 38.0 

O(S1)-C(5')-C(4')-0(4') -63.1 

0(5')-C(5')-C(4')-C(3') 55.9 

0(4')-C(1 ')-N(l )-C(2) 233.3 

C(5)-C(5,1)-0(5,2)-C(5,3) -1 14.2 

C (6)-C (5 )-C (5,l 1-0 (5,2 -99.2 

H( 1 ' )-C( 1 ' )-C(2' )-H(2' 162 

H(l ')-C(l ')-C(2'I-H(2'') 36 

H(2')-C(2')-C(3')-H(3') -4 1 

H(2")-C(2')-C(3')-H(3') 82 

H(3')-C(3')-C(4')-H(4') -97 

H(4')-C(4')-C(5')-H(5') -62 

H(4')-C(4')-C(5')-H(s") 60 
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placements  from the mean p l a n e  th rouqh  t h e  o t h e r  f o u r  r i n g  
0 

atoms are t h e  fo l lowing :  C(2'1-endo and 0.58A f o r  M M d U r d ;  

C ( 3 ' ) - e x o  - a n d  0 . 5 7 g  f o r  dThd; C ( I ' ) - e x o  - a n d  0 . 4 2 2  f o r  

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

parameters f o r  MMdUrd were P = 159.3'  and^, = 39.6O 33 . 
A p e r s p e c t i v e  d r a w i n g  o f  t h e  u n i t  c e l l  of MMdUrd i s  

g i v e n  i n  F I G .  2 .  There are t w o  i n t e r m o l e c u l a r  hydrogen 

bonds per u n i t  c e l l .  The f i r s t  is 0 ( 3 ' ) - H . . . 0 ( 4 ) ,  t h e  d i s -  

t a n c e s  b e t w e e n  O ( 4 )  a n d  0 ( 3 ' ) ,  H ( 0 3 ' )  a r e  2 . 8 0 3 ( 3 )  a n d  

2.08(3)A r e s p e c t i v e l y ;  t h e  a n g l e  O ( 3 '  1.. . 0 ( 4 )  Is 154(3 )O.  

The second hydrogen bond i s  O(5' 1-H.. . 0 ( 5 . 2 ) ,  t h e  d i s t a n c e s  

between 0 ( 5 , 2 )  and O ( 5 ' )  and H(05') are 2.772(3)  and 

1.82(5): r e s p e c t i v e l y ;  t h e  a n g l e  O ( 5 '  )-€I.. . 0 ( 5 , 2 )  i s  

168 ( 4  O . Birnbaum -- e t  a13' r e p o r t e d  a n  i n t r a m o l e c u l a r  hydro- 

gen bond C(6)-H.. .0(4')  i n  the c r y s t a l  s t r u c t u r e  of HMdUrd 

w i t h  d i s t a n c e s  between O(4') and C ( 6 )  and H ( 6 )  o f  2.786 and 

2.27A r e s p e c t i v e l y .  N o  such  hydrogen bond w a s  d e t e c t e d  i n  

MMdUrd. 

0 

0 

NMR a n a l y s i s  

I n  o r d e r  t o  c o r r e l a t e  molecu la r  confo rma t ion  i n  aqueous 

s o l u t i o n  wi th  b i o l o g i c a l  a c t i v i t y ,  t h e  confo rma t ion  of 

MMdUrd w a s  a lso de te rmined  i n  D 0 by NMR s p e c t r o s c o p y .  The 

' H  and 13C parameters are summarized in TABLES 4 and 5 res- 

p e c t i v e l y .  The obse rved  p r o t o n  chemica l  s h i f t s  and c o u p l i n g  

c o n s t a n t s  are s imi l a r  t o  t h a t  of HMdUrd . These results 

i n d i c a t e  t h a t  s u b s t i t u t i o n  o f  t h e  hydroxy g roup  i n  HMdUrd by 

a methoxy g roup  h a s  l i t t l e  e f f e c t  on t h e  confo rma t ion  of  t h e  

deoxyr ibo fu ranose  r i n g  i n  s o l u t i o n .  

2 

31 

The confo rma t ion  of t h e  d e o x y r i b o s e  r i n g  w a s  de t e rmined  

by assuming an e q u i l i b r u m  between the N-state and t h e  S- 

s t a t e  shown i n  F I G .  3. Usiny t h e  c o u p l i n g  c o n s t a n t  v a l u e s  
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8 

F I G .  2 .  S t e r e o s c o p i c  view of t h e  packing of MMdUrd down t h e  
c a x i s  of t h e  u n i t  cell .  - 

f o r  t h e  N- and S-state c a l c u l a t e d  by t h e  method of de Leeuw 

and A l t ~ n a ~ ~ ,  t h e  b e s t  f i t  w i t h  observed  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  w i t h  a 60% p o p u l a t i o n  i n  t h e  S-state and 40% i n  

t h e  N-s ta te  (TABLE 4 ) .  These v a l u e s  are similar t o  t h e  

v a l u e s  r e p o r t e d  f o r  deoxyr ibonucleos ides  . Thus, t h e  p r e  

€ e r r e d  conformation f o r  MMdUrd i n  s o l u t i o n  is similar t o  t h e  

c r y s t a l  s t r u c t u r e  as determined by X-ray a n a l y s i s .  Other  

i n v e s t i g a t o r s  have proposed t h e  p o s s i b i l i t y  of  a n  e q u i l l -  

brium between t h r e e  con€ormat iona l  s ta tes  . However, a t  

p r e s e n t ,  t h e r e  is l i t t l e  evidence  f o r  t h e  p r e s e n c e  of mini- 

mum p o t e n t i a l  energy  a b o u t  t h e  0 ( 4 ' ) - e n d o  conformat ion .  

Furthermore,  it has  been s u g g e s t e d  t h a t  t h e  pseudo-rota- 

t i o n a l  b a r r i e r  between t h e  N-state and t h e  S-state i s  con- 

32 

31 
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TABLE 4.  P r o t o n  c h e m i c a l  s h i f t s  (ppm) and  v i c i n a l  c o u p l i n g  
c o n s t a n t s  (Hz)  r e l a t i v e  t o  i n t e r n a l  TSP 

Chemical  S h i f t s  Coup l inq  C o n s t a n t s  

H(1 ' )  6.27 

H(2 '  2.37 

H ( 2 " )  2.42 

H(3 '  4.47 

H(4 '  4.03 

H ( 5 '  3.84 

H(5")  3.76 

H ( 6 )  7.98 

4.23,4.25 

3.36 
CH2 

3 
CH 

J1 ' 2 '  
J 

J 

J 

1 ' 2 "  

2 ' 2 "  

2 ' 3 '  
J21131 

3 ' 4 '  
J 

J 4 ' 5 '  

4 ' 5 "  
J5151 1 

J 

O b s  .* C a l c . * *  

6.2 7.1 

6 .5  6.4 

-14.0 

6.1 5.8 

4.4 4.9 

4.0 4.2 

3.1 

4.6 

-12.2 

* P r e c i s i o n :  0.1-0.2 Hz. 
* * C a l c u l a t i o n s  were per formed assuming t h e  phase  a n g l e s ,  P = 

1 8 '  f o r  t h e  S - s t a t e ,  P = 1 6 2 O  f o r  t h e  N-state and  a puc- 
k e r i n g  a m p l i t u d e  T, = 40°.  The best  f i t  w i t h  o b s e r v e d  
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  w i t h  a 60% p o p u l a t i o n  i n  
t h e  S - s t a t e  and 40% i n  t h e  N-state. 

TABLE 5.  13C Chemical  s h i f t s  ( i n  ppm measured a g a i n s t  a 
r e f e r e n c e  TMS c a p i l l a r y )  

C ( 1  ' 1  85.50 C ( 2 )  151 .46 

C ( 2 '  1 38.94 C ( 4 )  165.12 

C ( 3 ' )  70.28 C ( 5 )  110.42 

C ( 4 '  1 86.76 C ( 6 )  141.28 

66.51 C ( 5 '  1 60.99 

57.28 
CH2 

3 
CH 
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c 2’ 
N 

05’ H 5” H 5’ 

0 4’* C 3’ 04’* “,: 04‘% C 3’ 

H 5’ HS‘ 05’ H 5” 05 ’  

H 4’ H 4’ H 4’ 

g+ t 9- 

C6 

SYn 

c 2  

anti 

F I G .  3 .  S c h e m a t i c  drawing of  t h e  t h r e e  major modes o f  con- 
f o r m a t i o n a l  f l e x i b i l i t y  i n  pyyjnidine-2‘-deoxyribo- 
n u c l e o s i d e s .  The x conven t ion  , based  on a c c e p t e d  
c h e m i c a l  n o m e n c l a t u r e ,  d i f f e r s  f r o m  t h e  o n e  f r e -  

w a s  d e f i n e d  by O ( 4 l ) - C ( l 1 ) -  q u e n t l y  used where 

+ 180, v i z .  syn  = 0 + 90 and a n t i  = 180 - + 90. 
%N N ( l  ) - C ( 6 ) :  

=‘CN - - - 

s i d e r a b l y  lower i n  d e o x y r i h o n u c l e o s i d e s  as compared t o  r i b o -  

n u c l e ~ s i d e s ~ ~ .  T h e r e f o r e ,  i n s t e a d  of assuming a t h r e e - p o i n t  

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

done o v e r  a wide r ange  of p s e u d o r o t a t i o n a l  s ta tes  as  sug- 

g e s t e d  by Olson . U n f o r t u n a t e l y ,  r e l i a b l e  data on po ten -  

t i a l  ene rgy  c u r v e s  are n o t  a v a i l a b l e  f o r  deoxy sys t ems ,  t h u s  

35 
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104 EL-KABBANI ET AL.  

an approximation method of averaging  w a s  used. Nonetheless ,  

t h e  s a l i e n t  p o i n t  i s  t h a t  t h e  60% popula t ion  obta ined  f o r  

t he  S - s t a t e  ag rees ,  wi th in  a p r e c i s i o n  of 5%, wi th  va lues  

repor ted  f o r  dThd , 5-ethyl-2 ' - d e ~ x y u r i d i n e ~ ~  a n d  5-hydroxy- 

methyl-2'-deoxyuridine . 31 

The populat ion of t he  t h r e e  rotamers  (FIG. 3 )  about  t h e  

exocycl ic  C(4')-C(5') bond w a s  es t imated  from J4,5, and 

JqI5,, d a t a  by the  method of Haasnoot -- e t  a l .  because approxi-  

mate methods usinq simple C r e l a t i o n s h i p s  have a tendency t o  

overes t imate  the popula t ion  of the  g- state37.  Accordingly,  

t h e  g+ mode c o n t r i b u t e s  about  61% t o  t h e  equ i l ib r ium mix- 

t u r e ;  while  t he  t and q- modes c o n t r i b u t e  31% and 8% respec-  

t i v e l y .  Thus the  p r e f e r r e d  conformation about  t h e  exocyc l i c  

C ( 4 ' ) - C ( 5 ' )  bond i n  s o l u t i o n  i s  s i m i l a r  to t h a t  of t h e  

c r y s t a l  s t r u c t u r e  (TABLE 3 ) .  I n  a d d i t i o n ,  t hese  va lues  a l so  

agree with t h e  rotamer popula t ions  obta ined  when t h e  same 

method of c a l c u l a t i o n  is used on r epor t ed  coupl ing  c o n s t a n t s  

€or 5 - subs t i t u t ed  pyrimidine deoxynucleosides having t h e  

an t i -g lycos id i c  l inkage  . To determine t h e  conformation 

about t h e  g l y c o s i d i c  bond t h e  3C coupl ing  cons t an t s  were 

va lue  of 2.5 Hz observed f o r  MMdUrd used. The J 

w a s  s imilar t o  t h a t  of pyrimidine nuc leos ides  having p r e f e r -  

ence f o r  t he  a n t i  r ~ t a m e r ~ ~ .  The ant i -conformation w a s  a l so  

i n f e r r e d  by comparison of 'H and 13C chemical s h i f t s  wi th  

repor ted  values  f o r  - syn and a n t i  pyrimidine deoxyribonucleo- 

s ides38.  The two hydrogens i n  the  methylene of t h e  methoxy- 

methyl s i d e  cha in  a t  C(5)  have s l i g h t l y  d i f f e r e n t  chemical  

s h i f t s .  I n  t h e  c r y s t a l  s ta te ,  t h e  methoxy group and O ( 4 ' )  

oxygen of t h e  deoxyfuranose r i n g  are on t h e  same s i d e  of t h e  

pyrimidine p lane  ( F I G .  1 ) .  I n  c o n t r a s t ,  HMdUrd has  t h e  same 

chemical s h i f t  f o r  t h e  t w o  pro tons  of t h e  methylene group 

and i n  t he  s o l i d  s ta te  HMdUrd e x h i b i t s  t w o  conformations of 

32 

3 
C ( 2  ) - H ( I ' )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



5-METHOXYMETHYL-2'-DEOXYURIDINE 105 

t h e  hydroxymethyl group with l i t t l e  d i f f e r e n c e  i n  energy 

be tween them . These  r e s u l t s  s u g g e s t  t h a t  t h e r e  i s  a 

g r e a t e r  degree of r o t a t i o n a l  freedom about  t h e  exocyc l i c  

C(5) -C(5 ,1)  bond i n  HMdUrd. 

31 

Conclusions 

The d i f f e r e n c e s  i n  b i o l o g i c a l  a c t i v i t y  f o r  dThd, HMdUrd, 

5-ethyl-2'-deoxyuridine and MMdUrd are l i k e l y  r e l a t e d  t o  t h e  

na tu re  of s u b s t i t u e n t  a t  t he  5-pos i t ion  of t h e  pyrimidine 

r i n g  because conformations with respect t o  t h e  g l y c o s i d i c  

l inkage ,  t h e  deoxyribofuranosyl  r i n g  and the  exocyc l i c  5'- 

CH OH group are very similar. Attempts t o  correlate a n t i -  

v i r a l  a c t i v i t y  of 5-substi tuted-dUrd analogs to  t h e  elec- 

t r o n i c  e f f e c t  of t h e  C(5)  s u b s t i t u e n t  revea led  no sys t ema t i c  

. On t h e  o t h e r  hand, t h e  s e l e c t i v i t y  of a c t i o n  of t r end  

5-substi tuted-dUrd compounds a g a i n s t  herpes  simplex v i r u s  

appears  t o  be r e l a t e d  t o  t h e  l eng th  of t h e  s i d e  cha in  a t  

C ( 5 )  of the  pyrimidine r ing .  The optimum chain  l eng th  of 

t h e  s u b s t i t u e n t  a t  t he  C(5 )  pos i t i on  seems t o  be t h r e e  non 

hydrogen atoms f o r  a n t i  herpes  a c t i v i t y .  For example, 5- 

are bromovinyl-2 ' -dUrd, 5-propyl-2 -dUrdl and MMdUrd 
1 s e l e c t i v e  a n t i h e r p e s  agents .  I n  c o n t r a s t ,  5-fluoro-dUrd , 

5-iodo-dUrd' ', 5 - t r i f  luromethyl-dUrd and HMdUrd'J 24,  25 are 

c y t o t o x i c  a g e n t s .  S i n c e  f o r m a t i o n  of  n u c l e o t i d e  i s  a n  

e s s e n t i a l  s tep f o r  t h e  b i o l o g i c a l  a c t i v i t y  of t h e s e  a n t i -  

me tabo l i t e s  , it  appears  t h a t  compounds which are r e a d i l y  

phosphorylated by cytoplasmic dThd k inase  e x h i b i t  c y t o t o x i c  

a c t i v i t y ,  whereas s e l e c t i v e  a n t i h e r p e s  agen t s  seem t o  be 

p r e f e r e n t i a l l y  phosphorylated by t h e  V i r a l - K  . The amino 

a c i d  sequence of mammalian 41 and herpes  simplex v i r u s  

k inase  are s i g n i f i c a n t l y  d i f f e r e n t ,  thus  the  conformation 

of t h e i r  a c t i v e  centres should be d i f f e r e n t .  This  most 

2 

31,39 

15,16 1 2  

2 

40 

42 
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106 EL-KABBANI ET A L .  

l i k e l y  accounts  f o r  t h e  s u b s t r a t e  s p e c i f i c i t y  of t hese  a n t i -  

metabol i tes .  

EXPERIMENTAL 

MMdUrd, C H 0 N was synthes ized  by the  acid-cata-  
16 lyzed methylat ion of HMdUrd . I n i t i a l  c r y s t a l l i z a t i o n  

t r ia l s  with a s a t u r a t e d  s o l u t i o n  of MMdUrd i n  a mixture of  

e t h y l  acetate/cyclohexane produced very small c r y s t a l s  a f t e r  

a per iod of t w o  years .  Larger  c r y s t a l s  were obta ined  by 

seeding t h e  small c r y s t a l s  i n  f resh ly-prepared  s a t u r a t e d  

s o l u t i o n s .  The MMdUrd colorless c r y s t a l s  have space group 

P2 2 2 = 5.270(1)%, Z 

= 4 ,  observed d e n s i t y  = 1.49g c m  , c a l c u l a t e d  d e n s i t y  = 

1 1  16 6 2’ 

wi th  - a = 9.166(1 I%, - b = 25.348(1 I%, 
-3 1 1 1  

-3 
1.489 c m  . Quan t i t a t ive  d a t a  col lect ion w a s  done on an  

ENRAF-NONIUS CAD4F Dif f rac tometer  with an w/20scan and N i -  

f i l t e r e d  copper r a d i a t i o n .  Observa t iona l  weights f o r  t h e  
2 2 

r e f l e c t i o n s  were der ived  from t h e  formula: W = ( 2 1 )  /IF01 

( T  + (0.021)2 + r B), where I is  t h e  n e t  i n t e n s i t y ,  lFol is 

t h e  observed s t r u c t u r e  ampli tude,  T i s  t h e  t o t a l  peak count ,  

B i s  the  sum of t h e  background counts  and r i s  t h e  r a t i o  of 

t he  peak-scan t i m e  t o  the  t o t a l  background - count ing t i m e  

(r = 2 f o r  t h i s  d a t a ) .  The c r y s t a l  w a s  0.125 x 0.025 x 

0.075 mm i n  s i z e  and exh ib i t ed  the  forms { l o o ) ,  {OlO), and 

{OOl). A t o t a l  of 2242 r e f l e c t i o n s  w e r e  c o l l e c t e d  o u t  t o  0 

= 60°; 1002 unique r e f l e c t i o n s  had N e t  I > 3 0 ( I )  and t h e  

merging  was 0.018 f o r  939 e q u i v a l e n t  r e f l e c t i o n s ,  R = 

43 

2 

I 
( T I  ?-Iil )/$Ii . The i n t e n s i t i e s  were co r rec t ed  f o r  decay 
1 

(maximum c o r r e c t i o n  l . lO) ,  f o r  abso rp t ion  (min./max. absorp- 

t i o n  c o r r e c t i o n  = 1.01/1 .07) and f o r  Lorentz and polariza- 

t i o n  e f f e c t s .  

X-ray d i f f r a c t i o n  d a t a  c o l l e c t e d  on t h e  MMdUrd c r y s t a l  

w e r e  processed by us ing  t h e  XRAY76 system . The s t r u c t u r e  
44 
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5-METHOXYMETHYL-2’-DEOXYURIDINE 107 

w a s  solved by employing t h e  MULTAN80 package of computer 

programs45. Both f i g u r e s  of merit,  ABSFOM & RESID were used 

t o  choose  t h e  b e s t  s e t  of  p h a s e s  used  i n  t h e  s t r u c t u r e  

de te rmina t ion .  The va lues  f o r  ABSFOM and RESID were 1.0426 

and 20.1 1 ,  r e s p e c t i v e l y .  

The p o s i t i o n s  of t h e  non-hydrogen atoms w e r e  determined 

from a c a l c u l a t e d  E map. Least-squares  isotropic  re f inement  

gave an R va lue  of 0.098. Aniso t ropic  ref inement  w a s  then  

c a r r i e d  o u t  and gave an R va lue  of 0.068. The p o s i t i o n s  of 

t h e  hydrogen  atoms were l o c a t e d  by u s i n g  a d i f f e r e n c e  

Four ie r  map. F i n a l l y ,  fu l l -ma t r ix  leas t - squares  ref inement  

of a n i s o t r o p i c  temperature  f a c t o r s  f o r  t h e  non-hydrogen 

atoms and i s o t r o p i c  ref inement  f o r  t he  hydrogen atoms con- 

verged t o  an R index of 0.027, R = (IllFg/ - /  FcII /xIFoI ) .  The 

R w a s  0.030, % = (CwA / C W F ~ ~ ) ” ~ .  The l a r g e s t  and average 
2 

W 

s h i f t / e r r o r  r a t i o s  f o r  t he  parameters i n  t h e  f i n a l  c y c l e  of 

ref inement  w e r e  0.01 27 and 0.0009, r e s p e c t i v e l y .  A stero- 

scopic r e p r e s e n t a t i o n  of t h e  molecule is shown i n  FIG. l and 

a l l  f i n a l  atomic coord ina te s  are given i n  TABLE 6. The 

DEC2060 computer a t  t h e  Un ive r s i ty  of Saskatchewan w a s  used 

t o  c a r r y  o u t  a l l  c r y s t a l l o g r a p h i c  computations.  Pre l iminary  

report of t h i s  work has  been publ i shed  . Supplementary 

m a t e r i a l  may be obta ined  from t h e  pub l i she r  . 
46 

47 

The NMR experiments  were c a r r i e d  o u t  us ing  a Brucker 

CXP300 spec t rometer .  Spec t r a  were recorded i n  t h e  Four i e r  

t ransform mode a t  26OC. So lu t ions  were made t o  a concentra-  

t i o n  of 0.2 M i n  D20. Chemical s h i f t s  were 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 ropanesul fonic  a c i d ,  

sodium s a l t  (TSP) f o r  ‘ H  and r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  

(TMS) i n  a c o n c e n t r i c  c a p i l l a r y  f o r  13c. ’ H  NMR spectra 

were s imula ted  with t h e  a i d  of t h e  LAOCOON I11 program and 

f i n a l  coupl ing  cons t an t s  have a p r e c i s i o n  of 0.1-0.2 Hz. 
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TABLE 6. Atomic coord ina tes  

EL-KABBANI ET AL. 

x/a 

2648 ( 2  ) * 
1557 ( 3  1 
1627(2)  

375 ( 2  
214(3)  

-871 ( 2 )  
1396(3)  
131 5 ( 3 )  
8 5 7 ( 2 )  

-595(4)  
2552 ( 3 )  
3996 ( 2  ) 
5293 ( 3  ) 
6544 ( 4  1 
6735 ( 2 ) 
5989 ( 3  ) 
4408(2)  
6505(4)  
6148(3)  

-30(3)  
230(3)  

6 0 ( 3 )  
-1 11 ( 8 )  

-81 ( 4 )  
-83(6)  
343(3)  
375(3)  
5 3 4 ( 3 )  
531 ( 3 )  
7 4 9 ( 3 )  
6 2 3 ( 3 )  
760(4)  
6 0 5 ( 3 )  
740(3)  
6 1 7 ( 5 )  

Y/b 

8 4 5 ( 1 )  
468(1)  
1 0 7 ( 1 )  
5 3 8 ( 1 )  
9 1 2 ( 1 )  
9 1 0 ( 1 )  

1291 ( 1  
1731 ( 1  ) 
2 2 2 2 ( 1 )  
2208 ( 2  ) 
1230(1 1 

7 6 7 ( 1 )  
594(1 
768(1 ) 
366(1 1 

1 2 8 2 ( 1 )  
1260(1)  
1776(1)  
1768(1 1 

29(1 1 
181 ( 1 )  
1 6 3 ( 1 )  
222(2)  
253(2)  
1 9 5 ( 2 )  
1 4 4 ( 1 )  
52(1 1 
77(1 1 
21 ( 1  1 
8 2 ( 1  1 

129(1 
1 7 9 ( 1 )  
211 (1  1 

44(1 1 
213(2)  

z / c  

8640 ( 5  1 
8920(5)  

10404 ( 4 )  
7322(5)  
5461 ( 6 )  
4094(5)  
5278 ( 6 )  
3403(6)  
4514(5)  
541 8 ( 1 2 ) 
6830 ( 5 )  

10086(6 1 
8521 ( 6 )  

101 7 7 ( 6 )  
12069(4)  
11  335( 6 )  
11 1 8 5 ( 4 )  
10036(6)  

7438 ( 5  1 
740(6)  
2 9 6 ( 6 )  
2 0 5 ( 7 )  
371 ( 1 5 )  
621 (8 )  
665 ( 1  2 )  
6 6 0 ( 5 )  

11 3 6 ( 6 )  
7 0 5 ( 6 )  
8 2 4 ( 5 )  
9 3 4 ( 5 )  

1305(6)  
1027 ( 7 )  
1071 ( 6 )  
1290(7)  
6 8 5 ( 9 )  

0.026 
0.028 
0.038 
0.028 
0.031 
0.045 
0.029 
0.035 
0.043 
0.067 
0.027 
0.027 
0.029 
0.029 
0.041 
0.030 
0.033 
0.041 
0.052 
0.042 
0.050 
0.043 
0.181 
0.079 
0.1 37 
0.031 
0.029 
0.034 
0.034 
0.029 
0.021 
0.061 
0.043 
0.042 
0.092 

u = ( U l l  + u 2 2  + u33)/3 
eq 

tt *Estimated s tandard  dev ia t ion  of t h e  l as t  d i g i t  is given i 
parentheses .  Nonhydrogen atoms x 10 ; hydrogen atoms x 1 0  . 4 
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5-METHOXYMETHYL-2'-DEOXYURIDINE 109 

C a l c u l a t i o n s  of c o u p l i n q  c o n s t a n t s  w e r e  performed assuming 

t h e  phase a n g l e s  P = 18O f o r  t h e  S - s t a t e ,  P = 162O f o r  t h e  

N - s t a t e  and a pucker ing  ampl i tude  'I = 400. m 
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