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The reaction of alkoxy bromides with Nl-(ct-tetrahydrofuryl ) deriva- 
tives of pyrimidine bases has given a series of 6-alkoxy-6-bromo-1- 
(a-tetrahydrofuryl)-5, 6-dihydrouracils. The hydrogenation of the 
1-(a-tetrahydrofuryl) derivatives of uracil and of 5-fluorouraeil has 
been studied. It has been shown that in both cases 1-(a-tetrahydro- 
furyl)-5,6-dihydrouracil is formed. 

Two  of  u s  h a v e  p r e v i o u s l y  [1] d e s c r i b e d  5 - f l u o r o - 1 -  
( a - t e t r a f u r y ! ) u r a c i l  ( Ia) ,  w h i c h  p r o v e d  to be  5 " 6  t i m e s  

l e s s  t o x i c  t h a n  5 - f l u o r o u r a c i l  (FU) w h i l e  h a v i n g  a 

c h e m o t h e r a p e u t i c  i n d e x  t w i c e  a s  l a r g e  ( the  s u b s t a n c e  

i s  m a r k e t e d  u n d e r  the  t r a d e  n a m e  " F t o r a f u r " ) .  In  a d -  
d i t i o n  to  t h i s ,  a c c o r d i n g  to D u s h i n s k y  e t  a l .  [2], 6 -  

a l k o x y - 5 - b r o m o  : l e r i v a t i v e s  of  5 - f l u o r o - 5 , 6 - d i h y d r o -  

d e o x y u r i d i n e  a r e  s u p e r i o r  to  5 - f l u o r o d e o x y u r i d i n e  
(FUDR)  in a n t i l e u k e m i c  a c t i v i t y ,  b e i n g ,  a p p a r e n t l y ,  

t h e  t r a n s p o r t  f o r m  of  t h e  l a t t e r .  

In  t h i s  w o r k  we  h a v e  m a d e  a n  a t t e m p t  to  s y n t h e s i z e  
d e r i v a t i v e s  of  5 - f l u o r o - l - ( c ~ - t e t r a h y d r o f u r y l ) - 5 , 6 - d i -  

h y d r o u r a c i l  b o t h  b y  t h e  a d d i t i o n  of a l k o x y  b r o m i d e s  to 

(Ia) a n d  b y  i t s  s e l e c t i v e  h y d r o g e n a t i o n .  

W e  o b t a i n e d  6 - a l k o x y - 5 - b r o m o - 5 - f l u o r o - l - ( c ~ -  

t e t r a h y d r o f u r y l ) - 5 ,  6 - d i h y d r o u r a c i l s  (IIa,  b) b y  t h e  r e -  

a c t i o n  of Ia  w i t h  m e t h y l  a n d  e t h y l  h y p o b r o m i t e s .  F r o m  

Ib w e  h a v e  s y n t h e s i z e d  5 - b r o m o - 6 - m e t h o x y - l - ( c ~ -  

t e t r a h y d r o f u r y l ) - 5 , 6 - d i h y d r o t h y m i n e  (IIo) .  

I t  i s  k n o w n  t h a t  t h e  h y d r o g e n a t i o n  of  F U  in  t h e  p r e s -  
e n c e  of  5% of  r h o d i u m  on  AI203 l e a d s  to t h e  f o r m a t i o n  
of 5 - f l u o r o - 5 , 6 - d i h y d r o u r a c i l  w i t h  a y i e l d  of  6.5% [3]. 

5 - F l u o r o - 5 ,  6 - d i h y d r o  d e r i v a t i v e s  of u r a c i l  a r e  u n -  
s t a b l e  a n d  r e a d i l y  s p l i t  off  H F  [ 3 , 4 ] .  W e  p e r f o r m e d  

t h e  h y d r o g e n a t i o n  of t h e  d o u b l e  b o n d  in  Ia  w i t h  5% of  

R h  on  a l u m i n a  i n  t h e  p r e s e n c e  of  a p h o s p h a t e  b u f f e r  a t  

pH 7 in  o r d e r  to  o b t a i n  5 - f l u o r o - l - ( ~ - t e t r a h y d r o f u r y l ) -  

5 , 6 - d i h y d r o u r a c i l  (III) .  H o w e v e r ,  u n d e r  t h e s e  c o n d i -  

t i o n s  we  w e r e  a b l e  to  o b t a i n  o n l y  1 - ( c ~ - t e t r a h y d r o f u r y l ) -  

5, 6 - d i h y d r o u r a c i l  (V).  
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Ila R=F, R'=CH3; 
lib R=F, R'=C2H5; 
IIc  R-CH 3, R'=CH 3 

In v i e w  of  t h e  a b s o r p t i o n  of  two  m o l e s  of  h y d r o g e n ,  

i t  m a y  b e  a s s u m e d  t h a t  t h e  m e c h a n i s m  of t h e  r e a c -  

t i o n  r e d u c e s  to :  1) t h e  s a t u r a t i o n  of t h e  C5- -C 6 d o u b l e  
b o n d  in  I a  w i t h  t h e  f o r m a t i o n  of  III;  a n d  2) t h e  s p l i t t i n g  
ou t  of HF a n d  t h e  s e c o n d a r y  s a t u r a t i o n  of  t h e  d o u b l e  

b o n d  in  IV w i t h  t h e  f o r m a t i o n  of  V.  
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When Ia was hydrogenated in an unbuffered ethan- 
oIie medium, hydrolysis of the pseudoglycosidic bond 
and the formation of a mixture containing mainty FU, 
5,6-dihydrouracil, and IV took place. Compound V has 
also been obtained by independent synthesis through 
the hydrogenation of l-(c~-tetrahydrofuryl)uraci[ (IV), 
which we synthesized for the first time by the conden- 
sation of bis-O-(trimethylsilyi)uraeil (VII) [5,6] with 
2-chlorotetrahydrofuran: 

0 O S i ( C l l 3 )  3 
I I 

1t 
Vl  V I I  

O~/LCI  

/ [ ~  / t 
L " o /  v,,, J 

A s  w a s  to b e  e x p e c t e d ,  in  t he  h y d r o g e n a t i o n  of  IV 

o n l y  o n e  m o l e  of h y d r o g e n  w a s  a b s o r b e d ,  g i v i n g  V, 

s h o w n  to  b e  i d e n t i c a l  w i t h  t h e  p r o d u c t  o b t a i n e d  b y  t h e  

h y d r o g e n a t i o n  of  I a .  

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

Purity of the substances synthesized was checked by means of 
ascending chromatography on Filtrak FN-1 paper in the n-C4HgOH-- 
CHaCOOH--H20 (2 : 1 : 1) and ethanol--water (85 : 15) systems (systemsl 
and 2, respectively). Compound II possesses residual absorption and 
was revealed in ultraviolet light. The V on the chromatograms was 
shown by means of  1 NaOH and subsequent treatment with Ehrlieh's 
reagent [7]. The UV spectra were recorded on a UF-2 automatic 
spectrophotometer at pH 2 (0.01 N HC1), pH 7 (0.01 N HsBOa), and 
pH 12 (0.01 N KOH). The absence of an absorption maximum in the UV 
spectrum at 270 nm at pH 2 and pH 7, which is characteristic for Ia, and 
also the appearance of a new maximum at pH 12 shows the presence of 
a saturated 5,6-bond. The IR spectra were taken on anIKS-14 spectrom- 
eter with suspensions of analytical samples of the substances in paraffin 
oil in the range of frequencies from 700 to 1800 cm -1 and in hexachlo- 
robutadiene for the ranges 1800-1500 and 3000-3500 cm -1 

1-(a-Tetrahydrofuryl)uracil (IV). A mixture of 5.6 g (0.05 mole) 
of uracil (VI), 26 ml of hexamethyldisilane (HMDS), and 0.g ml of 
chlorotrimethylsilane was heated in an oil bath at 166 ~ C for 2 hr. 
After the VI had dissolved, the excess of HMDS was distilled off in 
vacuum at a bath temperature not exceeding 55 ~ C, the mixture was 
cooled to - 20  ~ C in a current of dry nitrogen, and 4.26 g (3.6 ml, 
0.04 mole) of 2-chlorotetrahydrofuran was added; the mixture was kept 
at --10 ~ C for 2 hr, left overnight at room temperature, treated with 
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10 ml of ethanol, and stirred for 2 hr, and the precipitate was filtered 
off with suction and extracted with 60 ml of chloroform. The insoluble 
part was VI: 2.9 g (52% of that used in the reaction). The chloroform 
extract after evaporation in vacuum yielded 3 g of IV (33%). Mp 102- 
104 ~ C (ethanol). UV absorption spectrum: kP H z 262 nm ( $ 1 t  300); 

max 
LPH. 7. 262 nm (~ 9700). kP~H. Iz 259 nm (~ 7300) IR spectrum in ma~ ' ll,aA " 
u, cm-l:  3149, 3107 (NH), 1709, 1680 (C=O), 1070 ( - C - O - - C ) .  
Found, %: C 52.18; H 5.59; N 15.72. Calculated for CsH10NzOs, %: 
C 52.74; H 5.53; N 15.38. 

1-(a-Tetrahydrofuryl)-8, 6-dthydrouraeil (V). a) The hydrogenation 
of a solution of 0.6 g (2.5 raM) of Ia in 100 ml of phosphate buffer 
(pH 7) with the addition of 0.5 g of 5% of rhodium on alumina was 
carried out at room temperature and atmospheric pressure until the 
absorption of hydrogen ceased. The theoretical amount of hydrogen 
(5 raM) was absorbed in 1 hr. The catalyst was filtered off, the filtrate 
was evaporated in a rotary evaporator to dryness (bath temperature 
60 ~ C), the residue was treated with 40 ml of ethanol, and the mixture 
was filtered. The solvent was again evaporated to give an oily sub- 
stance which crystallized at room temperature. It was washed with the 
minimum amount of ether and 0.4 g of V was obtained. Yield 87%, 
mp 108-111 ~ C (ethyl acetate), R~c 0.75 (system 1), R~c 0.84 (system 2). 
UV absorption: k pH lZ 230 nan (~ 6590). IR spectrum in u, cm-l :  3200, 

max 
3082 (NH); 1710, 1680 (CO); doublet at 1064, 1035 ( - - C - O - C - - ) .  
Found, %: C 52.59; H 6.62; N 15.37. Calculated for CaHI2N20~, %: 
C 52.17; H 6.57; N 15.21. 

b) The hydrogenation of a solution of 0.5 g (2.75 raM) of IV in 
100 ml of absolute methanol with the addition of 0.5 g of 5% of 
rhodium on alumina was carried out at room temperature and atmo- 

spheric pressure until the absorption of hydrogen ceased (~2.75 ml of 
hydrogen). The catalyst was filtered off, the filtrate was evaporated in 
vacuum to dryness, and the residue was recrystallized from ethyl 
acetate to give 0.34 g of V (yield 67~ in the form of a white crystal- 
line substance. Compound V obtained by method (b) was identical 
with the compound obtained by method (a) 

5-Brorno-5-fluoro-6-methoxy-l-(ct-tetrahydrofuryl)-5, 6-dihydro- 
uracil (IIa). A solution of 1.4 ml of bromine in 100 ml of absolute 
methanol was cooled to -15  ~ C, 17 g of Ag2CO s was added, and the 
mixture was stirred at - 1 0  ~ to -15  ~ C for an hour and filtered. A 70 
ml quantity of the resulting solution of methyl hypobromite in metha- 
nol was added to 3 g of Ia suspended in 50 ml of absolute methanol, 
and the mixture was stirred at 0 ~ C for 15 rain and at room temperature 
for 1 hr. The solution was evaporated in a rotary evaporator at room 
temperature to dryness, and the residue was washed with the minimum 
amount of dry cold ether. It was recrystallized from ethyl acetate to 
give 2.46 g of Iia (yield 53%) and a white crystalline substance with 
mp 186 ~ C, Rf 0.89 (system 1), R~ 0.95 (system 2). UV absorption, 

pH la o~- kma x ~.~o nm (e 6000) remaining unchanged for 24 hr; IR spectrum in 
u, era-l: 3153, 3059 (NH); 1748, 1685 (CO); 1072, shoulder at 1051 
( - - C - O - - C - ) .  Found, %: C 34.42; H 4.02; N 8.58; Br 26.44; F 6.37. 

Calculated for CsHIsNzO4BrF, %: C 34.74; H 3.89; N 9.00; Br 25.68; 
F 6.11. 

5-Bromo-6-ethoxy-5- fluoro- 1- (ct-tetrahydrofuryl)-5, 6- dihydro- 
uracil (IIb), By the method described above, 5 g of Ia in 80 ml of 
absolute ethanol and 70 ml of a solution of ethyl hypobromite in 
absolute ethanol (2.6 rnl of bromine, 100 mt of absolute ethanol, and 
33.2 g of AgzCOs)yielded 5.45 g of lib (67%); after recrystaltizafion 
from ethyl acetate, 3.4 g (42%). Mp 181-182 ~ C. Rj 0.92 (system 1), 
Rf 0.96 (system 2); UV absorption kP Hlz 243 nm (s 6100) (remaining 

max t 
unchanged for 24 hr); 1R spectrum in v, cm- : 3210, 3110 (NH); 1740, 
1718 (CO); 1075, shoulder at 1060 ( - - C - O - C - ) .  Found, %: C 36.53; 
H 4.47; N 8.48; Br 24.65; F 5.46. Calculated for CIoH14NaQBrF, %: 
C 36.94; H 4.34; N 8.62; Br 24.58; F 5.84. 

5 - Bromo - 6 -methoxy- 1 - (ct - tetrahydrofuryl) -5, 6 - dihydrothymine 
(IIc). As for the preparation of IIa, 0.48 g of Ia in 50 ml of absolute 
methanol and 20 ml of a solution of methyl hypobromite in methanol 
gave 0.52 g of lie (yield 71%). Mp 168 ~ C (ethyl acetate), Rj 0.89 
(system 1), Rf 0.94 (system 2); UV absorption sPIl l2:246 nm (~ 5500) 
(remaining unchanged for 24 1-if); IR spectrum in u0 cm-l: 3183, 3064 
(NH); 1726, shoulder at 1693, 1676 (CO); doublet at 1087, 1073 
( - C - O - C - ) .  Found, %: C 38.61; H 4.86; N 8.79; Br 26.28. Calcu- 
lated for C10H~NzO4Br, %: C 39.09; H 4.92; N 9.12; Br 26.01. 
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