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The c o r r e s p o n d i n g  Nl -~2- fu roy lme thy l  ) and N l - ( 5 - n i t r o - 2 - f u r o y l m e t h y l )  d e r i v a t i v e s  of 
u r a c i l  and i ts  5 - s u b s t i t u t e d  d e r i v a t i v e s  we re  obta ined  by the r e a c t i o n  of 2 - b r o m o -  and 
5 - n i t r o - 2 - b r o m o a c e t y l f u r a n s  with u r a c i l ,  5 - f l u o r o u r a c i l ,  and thymine .  The s t r u c t u r e s  
of these  compounds  as  N l - s u b s t i t u t e d  u r a c i l s  w e r e  p roved  by a s tudy  of the UV s p e c t r a  
at  va r ious  pH va lue s .  The computa t iona l  method  of expanding the UV s p e c t r a  into in-  
d iv idual  bands was u s e d .  

A s tudy of p y r i m i d i n e  d e r i v a t i v e s ,  e s p e c i a l l y  f l u o r o - s u b s t i t u t e d  p y r i m i d i n e s ,  is  of i n t e r e s t  in c o nnec -  
t ion with the high an t i t umor igen i e  ac t iv i ty  of these  compounds  [1,2]. P y r i m i d i n e s  that  contain furan and 5- 
n i t r o fu r an  g roup ings  as  subs t i tuen t s  have a n t i b a c t e r i a l ,  an t i t umor igen i c ,  fungic idal ,  and a n t i v i r a l  p r o p e r -  
t i e s  and a r e  highly ac t ive  compounds  with a b r o a d  s p e c t r u m  of act ion [3-5]. 

We have  s y n t h e s i z e d  N l - ( 2 - f t l r o y l m e t h y l  ) and N l - ( 5 - n i t r o - 2 - f u r o y l m e t h y l )  d e r i v a t i v e s  of u r a c i l  and 
i t s  5 - subs t i t u t ed  d e r i v a t i v e s  (I-VI) by the r eac t i on  of 2 - b r o m o a c e t y l f u r a n  and 5 - n i t r o b r o m o a c e t y l f u r a n  with 
the a p p r o p r i a t e  u r a c i l s .  The " s i l y l  method"  [6, 7] was used  for  the condensa t ion .  Compounds I -VI  a r e  
l i g h t - y e l l o w  subs t ances  (Table 1) that  a r e  only s l i gh t ly  so lub le  in the usua l  o rganic  so lven t s .  
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The s t r u c t u r e s  of IV-VI as N l - s u b s t i t u t e d  u r a c i l s  w e r e  proved  by the absence  of a shi f t  in the m a x i -  
m u m  of the p y r i m i d i n e  r ing  as  the  pH of the m e d i u m  changed [8] (Table 2). 

TABLE 1. N 1- ( 2 -Fu roy lme thy l )  and N i -  ( 5 - N i t r o - 2 - f u r o y l m e t h y l )  
D e r i v a t i v e s  of U r a c i l  and Its 5 -Subs t i tu ted  D e r i v a t i v e s  

Comp. rap, ~ Crystalliza~or 
solvent 

I 
II 

III 
IV 
V 

VI 

237--238 
247--248 
176--178 
278--279 
276279277 

Acetone 
Alcohol 
Ethyl acetate 
Acetone- HzO 
Acetone 
Acetone 

Empirical I C a l c . , ~  formula ~ Found, % Yield, 
J-L  o Hr NI% 

c,~ 45,091.4j10,01 45.2012,~176 ,5,851 72 
C~HgN30~ 47,32 t 3,20 115,07147,321 3,25 15,051 77 
CIoH~FNaO6 42,20 2,36 114,88 42,41[ 2,14 14,84 16 

:C10HaN204 54,45] 3,56 I12,95154,55] 3,66 12,721 50 
'Cl~HloN204 /56,24 4,40 12,12156,411 4,30 11,96 56 

42 2,96 CIoHTFN204 ]50,68 3,08 11,98 50,43 11,76 
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Fig .  1. UV s p e c t r a :  1) N l - ( 5 - n i t r o - 2 - f u r o y l -  
me thy l ) thymine  (I) {pH 9-11);  2) abso rp t ion  
band of thymine  ca l cu l a t ed  with a compu te r  for  
the s p e c t r u m  of I w i t h k m a  x 275 nm;  3) a b -  
sorp t ion  band of 5 - n i t r o a c e t y l f u r a n  ca l cu l a t ed  
with  a c o m p u t e r  f rom the s p e c t r u m  of I with 
k m a  x 302 nm.  

The UV s p e c t r a  of I - I I I ,  which contain a 5 - n i t r o -  
furan grouping,  p roved  to be e x t r e m e l y  complex :  the a b -  
so rp t ion  band c h a r a c t e r i s t i c  for  the py r imid ine  r i ng  
(Xma x 270-280 nm) i s  c l o s e  to  the abso rp t ion  of n i t r o -  
furan d e r i v a t i v e s  (kma x 300-310 nm) [9], as  a r e s u l t  of 
which both bands  a r e  ove r l apped .  The in tens i ty  of the a b -  
so rp t ion  of p y r i m i d i n e  in a lka l ine  m e d i a  is  l ower  than in 
ac id ic  med ia ,  and the shou lde r  at ~270 nm, which was ob-  
s e r v e d  a t p H  2-3,  d i s a p p e a r e d  at pH 9-11.  Expans ion  of 
the s p e c t r a  into individual  bands by m e a n s  of c o m p u t a -  
t ional  me thods  [10] t h e r e f o r e  b e c a m e  n e c e s s a r y .  

The individual  bands w e r e  a p p r o x i m a t e d  by  G a u s s i -  
an c u r v e s ,  and the p a r a m e t e r s  of the c u r v e s  we re  
s e l e c t e d  in such a way as  to m i n i m i z e  the funct ional  

m n X[ E' ~ =  y (~,~) -- ci l  exp (c i2(c~3--~,h)  2) "I , 
h=l  i=1 

TABLE 2. UV Spec t r a  of IV-VI  

Compound 

IV 
V 

VI 

~'mas' n m  (lg e) 

a t  pH 2--3 

273 (4,51) 
276 (4,43) 
277 (4.38) 

a t  pH 9-31 

273 (4,38) 
273 (4,35) 
275 (4,18) 

whe re  y(X k) is t he  absorp t ion  m e a s u r e d  at  wavelength  ~ k, 
n is  the n u m b e r  of bands ,  ci t  , ci2 , and ci~ a r e  the p a r a m -  
e t e r s  of the i - t h  band,  and m is the  n u m b e r  of e x p e r i -  
men ta l  po in ts .  

The method  of l i n e a r i z e d  l e a s t  s q u a r e s  with 
op t imiza t ion  of the pace and the method of conf igura t ions  
[11] we re  used  to m i n i m i z e  ~ .  

The computa t ions  were  in i t i a l ly  p e r f o r m e d  with a N a i r i  c o m p u t e r .  However ,  it  b e c a m e  c l e a r  that ,  b e -  
cause  of the complex  " rav ine"  c h a r a c t e r  of the min imiz ing  function,  the  conve rgence  of the  i t e r a t i o n s  was 
v e r y  s low,  and the computa t ions  r e q u i r e d  g r e a t  expend i tu re s  of mach ine  t i m e .  The computa t ions  we re  sub -  
sequent ly  p e r f o r m e d  with a GE-415 h i g h - s p e e d  c o m p u t e r .  The p r o g r a m s  w e r e  c o m p o s e d  in FORTRAN ASA 
language .  The t ime  r e q u i r e d  to expand the s p e c t r u m  into four  bands a v e r a g e d  7 rain.  

Expansion of the abso rp t ion  cu rve  (Fig.  1) p roved  that  the s p e c t r u m  of N l - ( 5 - n i t r o - 2 - f u r o y l m e t h y l )  
thymine  c o n s i s t s  of absorp t ion  bands of the py r imid ine  and 5 -n i t ro fu ran  r i ngs ,  and i t  was shown that  the 
c h a r a c t e r i s t i c  m a x i m u m  of the p y r i m i d i n e  r ing  is not  shi f ted  when the pH of the m e d i u m  is  changed.  The 
r e s u l t s  con f i rm  the s t r u c t u r e s  of I - I I I  as  N l - s u b s t i t u t e d  u r a c i l s .  

E X P E R I M E N T A L  

N l - ( 5 - N i t r o - 2 - f u r o y l m e t h y l ) u r a c i l  (I). A m i x t u r e  of 2.24 g (0.02 mole)  of u r a c i l ,  20 ml  of h e x a m e t h y l -  
d i s i l a z a n e ,  and 0.5 m l  of t r i m e t h y l c h l o r o s i l a n e  was hea ted  at  150-170 ~ for  2 h (until the  u r a c i l  had c o m p l e t e -  
ly  d i s so lved ) .  The e x c e s s  h e x a m e t h y l d i s i l a z a n e  was r e m o v e d  by d i s t i l l a t i on  at  r e duc e d  p r e s s u r e  at  a bath 
t e m p e r a t u r e  no h igher  than 60 ~ , and the r e a c t i o n  mix tu r e  was cooled  to r o o m  t e m p e r a t u r e  and d i s so lved  in 
20 ml  of d r y  benzene .  A solut ion of 4.6 g (0.02 mole)  of 5 - n i t r o - 2 - b r o m o a c e t y l f u r a n  in 30 ml  of d r y  b e n -  
zene was added g r a d u a l l y  with v igorous  s t i r r i n g .  The t e m p e r a t u r e  was r a i s e d  s lowly  to 60 ~ and he ld  t he re  
for  1 h; the m i x t u r e  was then cooled  to r o o m  t e m p e r a t u r e ,  10 ml  of ethanol  was added,  and the m i x t u r e  was 
a l lowed to s t and  overn igh t .  The  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t ion ,  washed  with  e thanol ,  d r i ed ,  and r e -  
fluxed with 60 ml  of c h l o r o f o r m .  Evapora t ion  of the c h l o r o f o r m  solut ion gave unchanged 5 - n i t r o - 2 - b r o m o -  
aee ty l fu ran .  The c h l o r o f o r m - i n s o l u b l e  so l id  was 3.83 g (72%) of I with mp  237-238 ~ (from ace tone) .  

Compounds i I -VI  w e r e  s i m i l a r l y  obta ined.  
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