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NUCLEOSIDES & NUCLEOTIDES, 4 ( 5 ) ,  651 -659  ( 1 9 8 5 )  

SYNTHESIS AND X-RAY C R Y S T A L  STRUCTURE OF 
2-~-D-RIBOFURANOSYLTHIAZOLE-~-CARBOXAMIDE-N~-OXIDE - 

N .  Kent D a l l e y ,  Charles R .  Pe t r ie  111, 
Ganapath i  R .  Revankar*,  and Roland K .  Robins  

Cancer  Research  C e n t e r ,  Department  o f  C h e m i s t r y ,  
Brigham Young U n i v e r s i t y ,  Provo,  Utah 84602 

ABST R A C T  : ( l) h a s  
been p r e p a r e d  by >oxidation o f  t i a z o f u r i n  (2) w i t h  hydrogen  p e r o x i d e  i n  
t h e  p r e s e n c e  o f  t r i f l u o r o a c e t i c  a c i d .  The a b s o l u t e  s t r u c t u r e  o f  3_ h a s  
been d e t e r m i n e d  by X-ray d i f f r a c t i o n  t e c h n i q u e s  employing  Mo Kcr r a d i -  
a t i o n .  The t h i a z o l e  r i n g  i n  3 is p l a n a r  and t h e  g l y c o n  m o i e t y  is i n  t h e  
’E c o n f i g u r a t i o n .  The N3-C4 bond i n  3 is s i g n i f i c a n t l y  l a r g e r  (1 .412  8 )  
t h a n  t h a t  found i n  t i a z o f u r i n  ( 1 . 3 7 c  8 ) .  S i m i l a r  t o  t i a z o f u r i n ,  t h e  
S. ..04’ i n t r a m o l e c u l a r  c o n t a c t  d i s t a n c e  is c o n s i d e r a b l y  s h o r t e r  t h a n  t h e  
sum o f  t h e  van d e r  Waals r a d i i ,  which f a v o r s  t h e  a n t i  c o n f o r m a t i o n  o f  3_. 

2 - 6 - D - R i bo f u r  a n o s  y 1 t h i az  o l e  - 4 - c a r  box am i d e - N  -ox i d e  

The c h e m i c a l  s y n t h e s i s  o f  a c a r b o n - l i n k e d  a z o l e  n u c l e o s i d e  2-B-D- 

ribofuranosylthiazole-4-carboxamide ( t i a z o f u r i n ,  2) h a s  been r e p o r t e d  

f r o m  o u r  l a b o r a t o r y ’ ,  and h a s  shown s i g n i f i c a n t  g v i t r o  a n t i v i r a l  

a c t i v i t y  a g a i n s t  a number o f  D N A  and  R N A  v i r u s e s . ’ - ’  Al though t i a z o -  

f u r i n  e x h i b i t e d  a n a r r o w e r  a n t i v i r a l  s p e c t r u m  t h a n  t h e  broad-spec t rum 

a n t i v i r a l  a g e n t  r i b a v i r i n  ( 1 - ! 3 - ~ - r i b o f u r a n o s y l - l  , 2 , 4 - t r i a z o l e - 3 - c a r b -  

o x a m i d e ,  1) +,  t i a z o f u r i n  i s  e x c e p t i o n a l l y  a c t i v e  & v i t r o  a g a i n s t  

J a p a n e s e  e n c e p h a l i t i s  ( J E ) ,  y e l l o w  f e v e r  (YF) and Hantaan v i r u s ,  t h e  

c a u s a t i v e  a g e n t  o f  Korean hemorrhagic  f e v e r  (KHF).’ Combinat ions  o f  

r i b a v i r i n  and t i a z o f u r i n  were s y n e r g i s t i c  a g a i n s t  YF and J E  ( f r a c t i o n a l  

i n h i b i t o r y  c o n c e n t r a t i o n s ,  0.41 and 0 .48 ,  r e s p e c t i v e l y )  b u t  showed 

a d d i t i v e  e f f e c t s  a g a i n s t  KHF v i r u s .  ’ T i a z o f u r i n  e x h i b i t e d  r e m a r k a b l e  

a c t i v i t y  a g a i n s t  Lewis l u n g  carcinoma and  good a c t i v i t y  a g a i n s t  L1210 

and P388 l e u k e m i a s  ~3.~ Recent  t e s t i n g 6  o f  t i a z o f u r i n  a g a i n s t  

L1210 leukemia i n  mice h a s  shown a T / C  of 284 a t  512 mg/kg/day x 9 .  

Copyright 0 1985 by Marcel Dekker, Inc. 
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6 5 2  DALLEY ET AI.. 

Tiazofu r in  is a l s o  s i g n i f i c a n t l y  a c t i v e  a g a i n s t  6-mereaptopurine a n d  

6-thioguanine r e s i s t a n t  L 1 2 1 0 ,  a s  we l l  a s  s e v e r a l  r e s i s t a n t  s t r a i n s  of 

P388 leukemias & v&.~ The mechanism of an t i tumor  a c t i o n  of t i a z o -  

f u r i n  has  r e c e n t l y  been s t u d i e d .  7 - g  I t  has  been shown t h a t  t i a z o f u r i n  

is phosphorylated enzymat ica l ly  t o  t h e  5'-monophosphate, which i n  t h e  

presence of ATP and Mg++ is f u r t h e r  conver ted  t o  t h e  ana log  of coenzyme 

N A D  which is a poten t  i n h i b i t o r  of IMP dehydrogenase.7- '0 

A r ecen t  s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n  s tudy"  of  t i a z o f u r i n  has  

shown t h a t  i n  t h e  s o l i d  s t a t e ,  t h e  molecule is i n  t h e  a n t i  conformation 

with t h e  s u l f u r  atom i n  r a t h e r  c l o s e  proximi ty  t o  t h e  furanose  oxygen 

and t h e  C 2 '  carbon e x h i b i t s  an endo pucker. The d i s t a n c e  between t h e  

t h i a z o l e  s u l f u r  and t h e  furanose  oxygen is l e s s  than t h e  sum of t h e i r  

van der  Waals r a d i i .  R e s u l t s  from molecular  o r b i t a l  c a l c u l a t i o n s  

sugges t  t h a t  t h e  t h i a z o l e  s u l f u r  has  a net p o s i t i v e  c h a r g e . 1 2 * "  Thus, 

t he  S.. . .O con tac t  observed r e p r e s e n t s  a n  e l e c t r o s t a t i c  a t t r a c t i o n  

between t h e  p o s i t i v e  t h i a z o l e  s u l f u r  and t h e  lone  p a i r  of e l e c t r o n s  on 

the  furanose  oxygen. I n  an e f f o r t  t o  s tudy  the  e f f e c t  of N-oxide on 

such e l e c t r o s t a t i c  a t t r a c t i o n ,  we have now prepared  2-6-D-ribofuranosyl- - 
thiazole-4-carboxamide-N3-oxide ( 3 ) .  Moreover, compound may a c t  a s  a 

depot form of the  drug t i a z o f u r i n  and have d i f f e r e n t  s u b s t r a t e  b inding  

c h a r a c t e r i s t i c s  toward c e r t a i n  n u c l e i c  a c i d  enzymes. 

HO 

HO OH 

1 3 3 

Oxidation of t i a z o f u r i n '  (2)  w i t h  hydrogen peroxide  i n  t r i f l u o r o -  

a c e t i c  a c i d  a t  ambient tempera ture  gave t h e  d e s i r e d  2 -B-~- r ibo fu ranosy l -  

thiazole-4-carboxamide-N3-oxide ( 3 )  - i n  5 4 . 3 %  y i e l d .  The a b s o l u t e  

s t r u c t u r a l  assignment of 3 was made by s i n g l e  c r y s t a l  X-ray a n a l y s i s .  - 

Single-Crystal X-ray Diffraction Analysis of 3. - Slow c r y s t a l -  

l i z a t i o n  of  3 - from M e O H : H , O  ( 1 : l )  gave X-ray q u a l i t y  c r y s t a l s .  A 
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2-~-D-RIBOFURA.NOSYLTHIAZOLE-4-CARBOXAMIDE-N3-OXIDE 653 

s u i t a b l e  c r y s t a l  (0.02 x 0.20 x 0.40 m m )  was mounted on a Nico le t  P 3  
au to -d i f f r ac tomete r  and t h e  d i f f r a c t i o n  d a t a  f o r  t h e  de t e rmina t ion  of 

b o t h  t h e  l a t t i c e  parameters and the  s t r u c t u r a l  s t u d y  were c o l l e c t e d  

us ing  Mo Ka g r a p h i t e  monochromated r a d i a t i o n  ( A  = 0.71069 A ) .  Compound 

3 c r y s t a l l i z e s  i n  t h e  monoclinic space group P 2 ,  w i th  a = 4.847 (4), b = 

7.230 ( 7 ) .  c = 15.669 ( 1 3 )  A ;  B = 93.28 ( 7 ) ’ ,  volume = 548.2 ( 8 )  R 3  and 

2 = 2 .  The l a t t i c e  parameters were obta ined  us ing  a l e a s t - s q u a r e s  

technique  involv ing  15 cen te red  29 va lues .  S i n g l e  c r y s t a l  X-ray d a t a  

were c o l l e c t e d  t o  a s i n 9 / A  l i m i t  of 0.65 u t i l i z i n g  a 9-28 scan  proc- 

edure .  A v a r i a b l e  scan  r a t e  was employed w i t h  t o t a l  background time 

be ing  equal  t o  t h e  scan time. The t h r e e  s t anda rd  r e f l e c t i o n s  measured 

e v e r y  97 r e f l e c t i o n s  showed no s i g n i f i c a n t  change throughout d a t a  

c o l l e c t i o n  i n d i c a t i n g  c r y s t a l  and e l e c t r o n i c  s t a b i l i t y .  A t o t a l  o f  1590 

r e f l e c t i o n s  were merged t o  1338 unique non-zero r e f l e c t i o n s .  Of t h e s e  

166 were cons idered  unobserved a s  I < 20(I) and the  remain ing  1172 

r e f l e c t  i o n s  were used i n  t h e  s t r u c t u r e  de t e rmina t ion  and re f inement  

p rocess .  

- 

The s t r u c t u r e  was so lved  us ing  t h e  d i r e c t  methods and r e f i n e d  w i t h  

a f u l l - m a t r i x  l e a s t - s q u a r e s  p rocedure . ’*  All hydrogen atoms were found 

i n  d i f f e r e n c e  maps.  Wi th  nonhydrogen atoms r e f i n e d  a n i s o t r o p i c a l l y  and 

hydrogen atoms r e f i n e d  i s o t r o p i c a l l y  t h e  f i n a l  r e s i d u a l  va lue  was R = 

0.042. Unit  weights  were used i n  re f inement .  T h e  l a r g e s t  peak in  t h e  

f i n a l  d i f f e r e n c e  map was 0.31e R - 3 .  The l a r g e s t  s h i f t / e s d  va lue  i n  t h e  

f i n a l  re f inement  c a l c u l a t i o n ,  exc luding  hydrogen atoms, was 0 .07  f o r  t h e  

y va lue  f o r  t h e  carboxamide oxygen. 

RESULTS AND DISCUSSION 

The s t r u c t u r a l  formula,  conformation, atom l a b e l s  and t h e  i n t e r -  

atomic bond l e n g t h s  of compound 3 - a r e  shown i n  F I G U R E  1 .  The e s t ima ted  

s t anda rd  d e v i a t i o n s  on a l l  bond l eng ths  a r e  between 0.005 and 0.007 A .  

The hydrogens of  t h e  carbohydra te  moiety a r e  omi t ted  f o r  c l a r i t y .  The 

nuc leos ide  e x i s t s  i n  t h e  8-anomeric c o n f i g u r a t i o n .  The presence  of  t h e  

N-oxide func t ion  causes  some of t h e  bond l eng ths  i n  t he  t h i a z o l e  r i n g  t o  

vary from s i m i l a r  bonds i n  u n s u b s t i t u t e d  t i a z o f u r i n .  T h i s  is p a r t i c -  

u l a r l y  ev iden t  f o r  N3-C4 where the  va lue  of  1.412 A is s i g n i f i c a n t -  

l y  l a r g e r  than 1 .376 A found i n  t i a z o f u r i n .  ” The t h i a z o l e  r i n g  i n  2 is 
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6 5 4  DALLEY ET AL. 

0 5  0 3  0 2  

FIGURE 1 .  ORTEP drawing  w i t h  t h e  atom l a b e l s  
and bond l e n g t h s  o f  compound 3. 

p l a n a r  w i t h  t h e  l a r g e s t  d e v i a t i o n  o f  any  atom from t h e  l e a s t - s q u a r e s  

p l a n e  of t h e  a g l y c o n  b e i n g  -0.0062 A(C2). The l a r g e s t  d e v i a t i o n  f rom 

t h i s  p l a n e  o f  a n  atom bonded t o  t h e  r i n g  is 0.0522 R (C6).  The p l a n e  o f  

o f  t h e  carboxamide g r o u p  makes a d i h e d r a l  a n g l e  o f  7.4' w i t h  t h e  p l a n e  

of a g l y c o n .  The n e a r  c o p l a n a r i t y  is p r o b a b l y  caused by t h e  p r e s e n c e  of 

t h e  i n t r a m o l e c u l a r  hydrogen bond N6-NbH . . . .03 .  The hydrogen  bond d a t a  

f o r  t h i s ,  as  well  a s  t h e  i n t e r m o l e c u l a r  hydrogen bonds a re  l i s t e d  i n  
TABLE 1 .  

The g l y c o n  moie ty  is i n  t h e  C 3 '  endo ( ' E )  c o n f i g u r a t i o n .  The con-  

f o r m a t i o n  a b o u t  t h e  C4'-C5' is gauche ,  t r a n s .  Values  f o r  t h e  selected 

t o r s i o n  a n g l e s  a re  l i s t e d  i n  TABLE 2 .  The  t o r s i o n  a n g l e  O4'-Clt-C2-S 
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655 

TABLE 1 

Hydrogen Bond Data 

D . . . . H . . . . A t  D . . . . A  ( A )  H. ... A ( A )  D - H . . . . A  ( O )  Symmetry o f  A 

d i s t a n c e  d i s t a n c e  a n g l e  

N6 N6H, 0 3  2.68 2 .17  118 X , Y , Z  

- x , o . 5 + y , 2 - z  
l + x ,  - l + y ,  z 

162  1 - X ,  0 . 5 + y ,  1 -z  

146 2-X, 0 . 5 + y ,  1 - Z  

N6 N6H, 06 2.86 1.91 171 

05' 05'H 0 3  2.87 1 .96  1 6 3  

0 2 '  02'H 03 '  2.67 1 .96  

03' 03'H 0 5 '  2 .88 2.40 

t D ,  donor  atom; H ,  hydrogen atom; and A ,  a c c e p t o r  atom 

TABLE 2 
Selected T o r s i o n  Angles i n  3 - 

- 
A -  B -  C -  D T o r s i o n  Angle ( ') 

05' -C5' -C4' -C3' 81.4 

0 5 '  -C5' -C4' -04 '  161.6 

0 4 '  - C 1 '  -C2 -S 8.3 

N3 -C4  -C6 -N6 5.5 

has a v a l u e  o f  8.3O, which is s i g n i f i c a n t l y  smaller t h a n  t h e  v a l u e  found 

i n  t i a z o f u r i n .  S i m i l a r  t o  t i a z o f u r i n ,  t h e  S . .  , .04 '  i n t r a m o l e c u l a r  
c o n t a c t  d i s t a n c e  [ 2 . 9 1 8 ( 3 )  A ]  is c o n s i d e r a b l y  shorter  t h a n  the sum o f  
t h e  van der  Waals r a d i i .  T h i s  short  c o n t a c t  d i s t a n c e  is c l e a r l y  v i s i b l e  
i n  t h e  s p a c e  f i l l i n g  model o f  2. ( F I G U R E  21 ,  which a l so  shows t h e  close 

p r o x i m i t y  of t h e  N,-oxide atom ( 0 3 )  t o  t h e  carboxamide  hydrogen  atom 

( N 6 H , ) .  Such  i n t e r a c t i o n  f a v o r s  t h e  a s  form and  is d i s c u s s e d  i n  

c o n s i d e r a b l e  d e t a i l  by G o l d s t e i n  e t  a l . "  
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656 DALLEY ET AL.  

FIGURE 2 .  Space  F i l l i n g  Model o f  3 - 

I n  a d d i t i o n  t o  t h e  i n t r a m o l e c u l a r  hydrogen bond mentioned a b o v e ,  

t h e r e  i s  an e x t e n s i v e  i n t e r m o l e c u l a r  hydrogen  bonding  ne twork .  A l l  

t h r e e  a l c o h o l i c  hydrogens  of t h e  g l y c o n ,  as  well as  N6H, are i n v o l v e d  i n  

i n t e r m o l e c u l a r  hydrogen bonds.  The a c c e p t o r  a toms a re  06 and 03 o f  t h e  

h e t e r o c y c l e  and 03’ and 05’ of t h e  c a r b o h y d r a t e  moiety. The N-oxide 

atom ( 0 3 )  is t h e r e f o r e  i n v o l v e d  i n  two hydrogen  bonds ,  one i n t r a m o -  

l e c u l a r  and t h e  o t h e r  i n t e r m o l e c u l a r  (See TABLE 1 ) .  S i m i l a r  i n t e r -  

m o l e c u l a r  h y d r o g e n  b o n d i n g  t o  form a three  d i m e n s i o n a l  ne twork  i n  

b r e d i n i n  ~4-carbamoyl-l-~-D-ribofuranosylimidazolium-5-olate) - h a s  been 

o b s e r v e d , ”  i n  which a l l  t h e  a v a i l a b l e  g r o u p s  i n c l u d i n g  t h e  w a t e r  of 

c r y s t a l l i z a t i o n ,  p a r t i c i p a t e  i n  t h e  h y d r o g e n  b o n d s .  T h e  h y d r o g e n  

bonding s e e n  i n  t h e  s o l i d  s t a t e  o f  3 is a l so  p r e s e n t  i n  s o l u t i o n  (Me,SO) 

as  shown by  t h e  l a r g e  d i f f e r e n c e  i n  chemical s h i f t  (1.74 ppm) o f  t h e  

amidc p r o t o n s  i n  t h e  NMR s p e c t r u m .  T h i s  phenomenon h a s  r e c e n t l y  been 

o b s e r v e d 1 6  i n  o u r  l a b o r a t o r y  with s e v e r a l  4 - s u b s t i t u t e d p y r a z o l o [  3 , b d ] -  - 
pyrimidine-3-carboxamide and ~-substitutedpyrrolo[Z,3-d]pyrimidine-5- - 

carboxamide r i b o n u c l e o s i d e s .  

- 
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EXPERIMENTAL SECTION 

Melting po in t  was determined on a Thomas-Hoover c a p i l l a r y  me l t ing  

po in t  appa ra tus .  Nuclear magnetic resonance ( N M R )  spectrum was recorded  

on a Jeo l  FX-90 Q spec t rometer .  The chemica l - sh i f t  va lues  are expressed  

i n  6 va lues  ( p a r t s  per m i l l i o n )  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  a s  an 

i n t e r n a l  s t a n d a r d .  I n f r a r e d  spectrum ( I R )  was obta ined  on a Beckman 

Acculab  2 spec t rophotometer  and expressed  i n  r e c i p r o c a l  cen t ime te r s .  

U l t r a v i o l e t  spectrum (UV; sh=shou lde r )  was recoreded  on a Cary Model 15 

s p e c t r o p h o t o m e t e r .  E l e m e n t a l  a n a l y s i s  was performed by Robertson 

Labora tory ,  Florham Park ,  N e w  J e r sey .  

2-~-D-Ribofuranosylthiazole-~-carboxamide-N,-oxide - -  ( 3 ) .  - To a 

s o l u t i o n  of 2-B-D-r - ibofuranosylthiazole-4-carboxamide' ( L ,  2.608. 10 

mmol) i n  t r i f l u o r o a c e t i c  a c i d  (15.0 m l )  was added H,O, ( 30%,  4 m l )  and 

t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  18 h r .  

Thin-layer chromatography ( s i l i c a  g e l  60 F-254, EM Reagents,  s o l v e n t  - 
C H C 1 , :  M e O H ,  6 : 1 ,  v / v )  i n d i c a t e d  comple t ion  of  t h e  r e a c t i o n .  The 

r e a c t i o n  m i x t u r e  was cooled t o  O ° C  and c a r e f u l l y  n e u t r a l i z e d  w i t h  

conc. NH,OH t o  t h e  f i n a l  pH of  8 .  The r e s u l t i n g  s o l u t i o n  was d i l u t e d  

w i t h  an equal  volume of  MeOH. Af ter  s t and ing  o v e r n i g h t ,  t h e  c r y s t a l l i z -  

ed m a t e r i a l  was c o l l e c t e d  by f i l t r a t i o n ,  washed wi th  co ld  MeOH ( 3  x 10 

ml) and d r i e d  t o  g i v e  t h e  t i t l e  compound. R e c r y s t a l l i z a t i o n  from 

aqueous MeOH gave a n a l y t i c a l  sample, 1.5Og ( 5 4 . 3 % ) ;  mp 214-215OC; I R  

( K B r )  w 1685 ( C = O  of amide) ,  3070-3310 ( O H ,  NH,)cm-'; U V  Amax ( p H 1 )  275 

( s h )  nm ( E  1 , 5 0 0 ) ;  Amax (pH7) 275 ( s h )  nm ( E  8 0 0 ) ;  Amax (pH11) 277 ( s h )  

nm ( E  1 , 8 0 0 ) ;  N M R  (Me,SO-d,) 6 5.20 ( d , l , J 1 i , , t  = 3.58 Hz, C,'H_), 8.51 

( s , l , C , H ) ,  - 8.12 and 9.86 ( 2 b r  s, 2 ,  C O N E 2 ) ,  and o t h e r  sugar  p ro tons .  

A m .  Calcd  f o r  C , H , , N , O , S :  C, 39.13; H ,  4.38; N, 10.14; S,  11.60. 

Found C ,  39.04; H ,  4.35; N ,  10.18; S ,  11.85. 
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