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Abstract- The synthesis and the chemical and biological of - 
5'-hydroxy. 5'-0x0 and 3'-hydroxy-5'-axoftorafur are reported. 

The effectiveness of ~torafur L (FT-207. 1-(tetrahydrofuran-2-yl)-5-fluorouracil) as an antican- 

cer drug has stimulated new interest in the biological activity of 5-fluorouracil (5-FU) deriva- 

tives. As a part of a programme directed to the development of new 5-fluorouridine analogues 

which could serve as clinic+lly valuable pro-drugs of 5-FU, we have recently reported the syn- 

thesis of several non-glycosidic analogues of the nucleosidelr2. The observed antileukemic pro- 

perties (P 388: TIC = 196% at 60 m~lkg) of 5'-oxoftorafur derivative z,  (NSC nr 315845), in par- 
ticular, have prompted us to undertake the synthesis and biological evaluation of a number of 

rationally designed derivatives of 2.  The results of this study are presented in this comrnunica- 

tion. 

Since it is well established that cytotoxic activity in a molecule can be correlated with the 

presence of a reactive electrophilic double great interest was attached to the biological 

evaluation of the saturated lactane corresponding to 1, namely, compound Ja. In the same context, 
reactions of 2 with nucleophiles bearing functional groups present in proteins, were recognized 

as a pertinent area of investigation. Furthermore, it was felt that derivatives of 5 which were 

related to active metabolites of ftorafur formed valuable target compounds. 

In order to investigate whether the unsaturated lactone moiety was essential to the activity of 

2, the compound was catalytically reduced (H2/Pd-C) to the dihydroproduct 2, mp 204°-2070 c5, - 
(76%). This saturated lactone was, however, inactive in the P-388 test system. This result sug- 

gests that the unsaturated lactone functionality is indeed necessary for the cytostatic activity 

of 2. 

For the study of the reactions of 1 with nucleophiles, suitable mines and thiols were chosen. 
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With secondary  amines such  as p y r r o l i d i n e  and  morpholine,  t h e  r e a c t i o n  l e d  t o  a r a p i d  fo rmat ion  

o f  5-FU. With b e n z y l - t h l o l o n  t h e  o t h e r  hand,  t h e  Michael adduc t  4 was i s o l a t e d  as a c r y s t a l l i n e  

1  6  
product .  The s t r u c t u r e  o f  j! fo l lowed  from i t s  H NMR spectrum . The t r a n s  r e l a t i o n s h i p  between 

t h e  nuc leabase  and t h e  t h i a  e t h e r  group i n  3 was a t t e s t e d  by t h e  c o u p l i n g  c o n s t a n t  between t h e  

H-2, and H-3, p r o t o n s 7  ( 5  > 6 ) .  ~ h l s  s t e r e o c h e m i s t r y  is the r e s u l t  o r  t h e  expec ted  course o f  a t -  

t a c k  of  t h e  t h i o l  g roup  on t h e  l a c t o n e  r l n g  from t h e  s i d e  a p p o s i t e  t o  t h e  5-FU moiety.  

The d i f f e r e n c e  i n  t h e  p a t t e r n s  o f  t h e  n u c l e o p h l l l c  r e a c t i o n s  o f  amines and benzyl  t h i o l  u i t h  3 

can be r a t i o n a l i z e d  as f o l l o w s .  The u n s a t u r a t e d  l a c t o n e  in 2 p o s s e s s e s  two e l e c t r o p h i l i c  c e n t r e s ,  

namely t h e  C-5' c a r b o n y l  ca rbon  and t h e  C-3' end o f  t h e  o l e f i n i c  l i n k a g e .  The r e l a t i v e l y  h a r d e r  

n u c l e o p h i l i c  amlnes a t t a c k  as expec ted  t h e  ( h a r d )  carbonyl  g roup ,  t o  i n i t i a l l y  g i v e  m t e r m e d i a t e s  

5 a , b .  These s h a l l ,  however, f ragment  t o  r e l e a s e  5-FU in a f a c i l e  p r o c e s s .  I n  c o n t r a s t ,  t h e  s o f t e r  - 
t h m l  n u c l e o p h i l e  a t t a c k s t h e  s o f t  o l e f i n i c  c e n t r e  8 ' 9  t o  g i v e  t h e  i s o l a b l e  adduc t  i. 
I n  view o f  t h e  known a d d i t l o n  of a c y s t e i n y l  mercapto group t o  t h e  5 ,6 -double  band of  5-f luoro-  

deoxyur id ine  manaphospha te 'O ' l l ,  d u r i n g  t h e  i n h i b i t i o n  of thymidy la te  s y n t h e t a s e  by t h i s  f l u o r o  

n u c l e o t i d e ,  t h e  r e a c t i o n  o f  2 and 2 w i t h  excess o f  benzyl  t h i o l  was i n v e s t i g a t e d  under  d i f f e r e n t  

r e a c t i o n  c o n d i t i o n s .  However, i n  none o f  t h e  r e a c t i o n s  an a d d l t i o n  o f  t h e  t h i o l  t o  t h e  double  bond 

was observed .  

I n v e s t i g a t i o n  of t h e  metabolism of f t o r a f u r  (1) h a s  revealed t h a t  w h i l e  3 ' -  and 4'-hydroxy d e r i v a -  

t i v e s  of  1 can be i s o l a t e d , t h e s e  m e t a b o l i t e s  a r e  b i o l o g i c a l l y  incornpetent '2-16. The 2 ' -  and 5 ' -  

hydroxyla ted  d e r i v a t i v e s  o f  1, on t h e  o t h e r  h a n d , i f  formed, would be c a p a b l e  o f  r e l e a s i n g  5-FU. 

The f i n d i n g  by Sad& and coworkers  t h a t  1 i s  hydroxylated a t  C-5' by microsomal cytochrome 

~ - 4 5 0 ' ~ - ~ ~  is c o n s e q u e n t l y ,  h i g h l y  s i g n i f i c a n t .  Desp i te  the a n t i c i p a t e d  i n s t a b i l i t y  o f  5'-hydroxy- 

f t o r a f u r  (s, Scheme I ) ,  a t t e m p t s  were made t o  p r e p a r e  t h i s  m e t a b o l i t e  by low tempera tu re  reduc-  

20 t i o n s  o f  & with  t h e  DIBAL r e a g e n t  . The o n l y  i s o l a b l e  product o f  t h e  r e d u c t i o n  r e a c t i o n s  was 

5-FU. We s u g g e s t  t h a t  t h e s e  r e s u l t s  are  c o n s i s t e n t  w i t h  the f o r m a t i o n  of  2, and t h a t  subsequen t  

decomposi t ion i n  a manner ana logous  t o  t h e  f r a g m e n t a t i o n  of 5a,b occurs i n  accordance  wi th  t h e  

p roposa l  p u t  forward by ~ a d e ~ l ~ " ~ .  

The h y d r o x y l a t i o n  of t h e  l a c t o n e  r i n g  o f  2 a t  t h e  3 ' -pos i t ion  h a s  been s u c c e s s f u l l y  ach ieved  by 

t h e  sequence  of  r e a c t i o n s  d e s c r i b e d  i n  Scheme 11. The s t a r t i n g  m a t e r i a l  f o r  t h e  s y n t h e s i s  was 

epoxylac tone  5, which was o b t a i n e d  as a minor p roduc t  (5%1, a l o n g  w i t h  1 (80%) ,  by t h e  o x i d a t i o n  

of  f u r a n  wi th  s i n g l e t  oxygenz1. When - 6 was coupled t o  a 5-FU moiety by r e a c t i o n  wi th  2 , 4 - b i s t r i -  

methylsilyloxy-5-fluoropyrimidine (SnCl,,, -40'); hydro lys i s  o f  t h e  r e a c t i o n  mix ture  l e d  t o  t h e  

f o r m a t i o n  o f  222 (40%) as a c r y s t a l l i n e  p r o d u c t ,  mp 194-196'C. Presumably,  d u r i n g  t h e  H l l b e r t -  

Johnson t y p e  r e a c t i o n  o f  6 l e a d i n g  t o  8, t h e  a t t a c k  of pyrimidine on t h e  epoxy carbon is fol lowed 

by an  i n t r a m o l e c u l a r  t r a n s f e r  o f  t h e  t r i m e t h y l s i l y l g r o u p t o  t h e  a l k o x i d e  i o n  genera ted  i n  t h e  



first step. Removal of the silyl ether function of 2, under mild conditions (acetic acidluaterl 
23, . 

acetone, RT) gave the 3-hydroxy-5-oxoftoraiur 10 i n  60% yield. 

BIOLOGICAL RESULTS 

On the basis of the biolog~cal activity found in the P-388 leukernla test-system, was selected 

by NCI for a wide-panel tumour screening and prepared by us on a 50 g scale. Antileukemic actin- 

ty was confirmed in the L-1210 system (TIC = 140-160% at 50 mglkg). Results on solid tumour test- 

systems however were disappointing. On CX-1 human colon xenograft in nude mice,reduction to 41% 

of tumour weight was found at 150 mglkg. No significant activity was observed on MX-1 mammary 

xenograft, CD mammary tumour, Colon-38, Lewis-lungcarcinoma and 8-16 melanoma. In P-388 test sys- 

tem, no activity was found far compounds 2 and 2. 
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