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SYNTHESIS AND BIOLOGICAL PROPERTIES OF 
6-SUBSTITUTED 5-FLUOROURIDINES 

K. Felczak,a T. Kulikowski:a J.A. Vilpo,b J. 
Giziewicz and D. Shugar a 

Institute of Biochemistry & Biophysics, Academy of 
Sciences , 02-532 Warszawa, Poland; bDepartment of 
Clinical Chemistry, University of Oulu, SF-90220 
Oulu, Finland; CDepartment of Genetics, University 

a 

of Alberta, Edmonton, Alberta T6G 2EL Canada 

Summary: Procedures are described for the synthesis of 5- 
fluoro-6-methyluridine ( 9 )  and 5-fluoro-6-fluoromethyl- 
uridine ( 1 1 1 ,  both in thz fixed conformation, and their 
in vitro antitumour activities. In particular, 11 was found 
to be a potent antitumour agent. -- 

Nucleosides of 5-fluorouracil (FUra), y&. 5-fluoro- 
uridine (FUrd) and 5-f luoro-2' -deoxyuridine (FdUrd) exhibit 
potent antitumour activities, but are rapidly degraded & 
vivo by uridine and thymidine phosphorylases. 
previously shown that 6-methyluridine, a nucleoside const- 
rained to the conformation by the bulky 6-methyl subst- 
ituent, 4t5 is a reasonably good substrate for uridine phos- 
phorylase; whereas the reverse, synthetic, reaction with 6- 
methyluracil (1) - as substrate does not occur. 

It therefore appeared of interest to prepare 5-fluoro- 
6-methyluracil (3) and 5-fluoro-6-methyluridine (21, and 
to examine their substrate properties uridine phosphor- 
ylase and their antitumour activities. Since publishedphys- 
ico-chemical data for & are conflicting, 7'8 and reported 
data8 for - 9 are incomplete and raise doubts as to the pres- 
ence of a 5-fluoro substituent, it was decided to prepare 
- 2a and - 9 by two new procedures (Fig. 1 )  : (a) fluorination 

It was 1-3 
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of 1 with CF30F in CFC13 at -78OCI9 which gave 2a in 93% 
yield, m.p. 307-310°C (decamp.); A{:x2 269 nm ( E ~ ~ ~  7.0 x 

10 1 ;  Amax pH l4  286 nm (Emax 6.9 X lo3); pKa 7.7; 'H NMR 
(DMSO-d6) G(ppm internal TMS) 11.37 (IH, bs, H-l), 10.79 

5.2 Hz, 6-CH3); MS m/e (lH, bs, H-31, 2.06 (3H, m, JH-F + 
144.2 I#+[ and a very faint peak (M 
to - 2b (see below); (b) deamination of 5-fluoro-6-methyliso- 
cytosine (3) - with NaN02/CH3COOH, which gave - 2a guantitative- 
ly, with properties identical to the obtained by method (a). 

Two different procedures were also applied to synthesis 
of - 9 : (a) the triflate-catalyzed condensation of 1-0- 
acetyl-2,3,5-tri-0-benzoyl-~-D-ribofuranose (5) - with 2,4- 
- bis-0-(trimethylsilyl)-5-fluoro-6-metyluracil (4) in 
CH3CN. The resulting products, following desilylation with 
HOH/NaHC03, then debenzoylation in CH30Na/MeOH, yielded 
- 9, its N(3)-isomer (lo), - and the N(l), N(3)-diriboside (11) - 
in the ratio 2:l:l; (b) fluorination of 2',3',5'-tri-O- 
acetyl-6- methyluridine (6) - with CF30F in CHC13 , followed 
by deacetylation with NH40H. 

The product obtained by method (b) exhibited unusually 
high cytotoxicity relative to that obtained by method (a). 
TLC on silica gel with Et@c:TrOH:H20 (4:2:1 , v/v)demonst- 
rated the presence of two components (Rf 0.53, m.p. 18OoC 
and Rf 0.63, m.p. 184OC) in the ratio 16:l. The slower mig- 
rating product was identified as 9 ,  identical with that 
from method (a): $tX2 269 nm ( E ~ ~ ~  9.5 x 10 ) ,  APH12 max 

nm (€max 
3.3 Hz, H,,), 4.82 (lH, m, J21-31 6.3 Hz, H$, 4.39 (IH, 
t, J31-41 7.4 Hz, H3,), 3.97 (lH, m, J41-51 2.8 Hz, J 4 1 - 5 1 1  
6.3 Hz, H4,), 3.90 (lH, m, J51-511 -12.3 Hz, H5,), 3.75 (lH, 

4 + 
m, H5,,), 2.21 (2H, d, JF-H 3.8 Hz, 6-CH3); MS m/e 276 (M I. 

The structure of the more rapidly migrating product was 
also established by UV, MS and H NMR spectroscopy as 5- 
fluoro-6-fluoromethyluridine (131, - with a pKa for dissocia- 

- - 

4 

162.2) corresponding 

269 
1 7.3 x 10 ) ;  pKa 7.7; H NMR, 5-59 (IH, d, J1r-2, 

1 

tion of the "3)-H of 7.1 as compared to 7.70 for 9 and 7.75 
for FUrd . 10  
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Both - 9 and - 13 were readily phosphorylysed by E. coli 
uridine phosphorylase to release &, identical with a syn- 
thetic sample and with literature data,7 and G, m.p. 240°- 
242'C the structure of which was conformed by UV, MS and 
'H NMR: 11.67 (IH, bs, H-l), 11.43 

2.8 Hz, 6-CH2F). 2 4 dd, JF-H 49.8 Hz, JF-H 
Cytotoxicities of FUra, - 2a, 2, and their nucleosides 

were tested 7 human tumour cell lines, PHA-stimulated 
human lymphocytes, and mouse L1210 cells by procedures des- 
cribed elsewhere. Particularly noteworthy was the finding 
that the activity of the difluoro nucleoside 13 against 
most of the cell lines was of the same order of magnitude 
as that of FdUrd. The monofluoro nucleoside 2, and the bases 
- 2a and - 2b exhibited only marginal activity. 

of cytotoxicities, are in preparation. 
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