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SYNTHESIS AND ANTITUMOUR PROPERTIES OF 2-THIO-S-CHLORO- 
NUCLEOSIDES 

K Felczak’, M Bretner’, M Balinska’. B Gotos’, J M Dzik’, W Rode’, and T Kulikowski” 

‘Itislilule o/ Biochemislry and Biophyucs, P o h h  Academy ofSciences, 5a Pawinskigo Sl , 02- 
I06 Warszawa, Poland 

’Nenchi lnslilule oJExperrmenla1 Biology. Pohh  Academy cfScienccs, 
3 Paslew S t .  02-093 Warszawa, Poland 

Abstract: Four methods are described for the synthesis of 2-thio-5-chlorouraci1(~). p- and a-5-Chloro- 
?-thio-2’-deosyuridines (12 and u) were obtained by Lewis acid catalysed condensation of TMS 
derivatix of 1 with 2-deoxy-3.S-di-O-p-toluyl-a-D-ribosyl chloride and deblocking o€ toluylated 
derivatives with methanolic ammonia. Selective enzymatic phosphorylation of 12 led to its 5’- 
monophosphate, the latter being a moderate inhibitor of thymidylate synthase, while 12 showed 
moderate cytotoxicity in vitro against mouse leukemic cells L 15 178Y. 

Introduction. 

S-Clhloro-2’-deosywidine exhibits cytotosicity mouse leukemic cells L1210 and is an 

inhibitor of thymidylate synthase and thymidine kinase.’,’ This observation, and the fact that 

substitution of sulphur at the ’-position of uracil leads to an increase in acidity (i.e. decreases the pK, 

for dissociation of the proton N-3, which may affect binding of the 2-thionucleosides to the above 

enzymes) prompted us to undertake its synthesis and to examine the properties of 5-chloro-2-thiouracil 

nucleosides, as well as the parent base, S-chloro-2-thiouraciI(L). 
Chemistry. 

Four methods were used for the synthesis of 1: (a) reaction of 5-chloro- 1,3-dimethyluracil 

with thiourea (Scheme 1); (b) deamination of S-chloro-2-thiocytosine (4) (Scheme 1 j; (cj chlorination 

of the p-nitrophenylethyl derivative (6) of 2-thiouracil (Scheme 2); (d) reaction of 2,S-dichloro-4- 

hydroxypyimidine (9) with thiourea, which proved the most effective (60% yield) (Scheme 2). 

p-  and a-S-ChIoro-?-thio-2’-deosyuridines (E and 13) were obtained by Lewis acid 

catalysed condensation of TMS derivative of 1 with 2-deoxy-3,5-di-O-p-toluyl-(y.-D-ribosyl chloride 

in 1,3-dichloroethane in the presence of TiCI,, to give a mixture of the p- and a-anomers of 2‘-deoxy- 

3’,S’-di-O-p-toluyl-S~~oro-2-~o~i~e (10 and 1) with a ratio a/p = 1 : 3 (Scheme 3). These were 

separated by crystallization from methanol and then purified by preparative TLC on silica gel. 
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Scheme 1 

The free S-chIoro-?-thio-2'-deoquridine (12) was oblained by deblocking the p-toluyl derivative .KJ 

with a rnethanolic solution of NH,. M.p.: 180-182°C; UV: h,,, (pH 2) 222 tun (E 14300); 277 nm 

( E  16900) h,,,, (pH 7) 225 nm ( E  11800); 242 nni ( E  14000); 274.5 nni ( E  17300); A,,, (pH 12) 

242.5 nrn (E  20000); 270.5 nm ( E  18600); 'H NMR (500 MHz, D,O) 6 2.33 (1 H, m, 5,.,=6.39 Hz, 

2'-H), 2.64 ( 1  H, m,J,8,,.=5.17 Hz, 2"-H), 3.83 ( 1  I€, dd, 5,:,.=4.45 Hz, S"-H), 3.93 ( 1  H, dd, 

J,.,,.=3.26 € I &  5'-H), 4.1 I (1 H, m,J4,,.=4.07 Hz, 4'-H), 4.45 (1 H, m, J,:,=4.54 Hz,5,.,,.=6.46 Hz, 3'- 

I?), 6.89 ( 1  H, br t, I'-H), 8.39 (1 H, d, 6-H). 

The nucleoside 12 was subjected to selective enzymatic phosphoqhtion with the aid of the 

wheal shoo1 nucleoside phospholransferase syslem3 lo give 5-chloro-2-thio-dUMP which was 

quantitatively converted to its parent nucleoside 12 by snake venom 5'-nucleotidase. 

Antitumour Activity and Thymidylate Synthase Inhibition. 

The nucleoside 12 was tested for antitumour activity in vitm with mouse leukemic cells 

L1S 17XY as previously described4 and showed weaker cyloloxicily (CD,, 8 x 10" M) than S-chloro- 
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1 i: NPFE-Br, NaOH, TDA-I. 1.4-dwxane /water 
II: N-CI. CCI,, reflux. l h  
iii: 0.5 N DBU in acetanitrib 

i: NaOH. 45'CC. 1 . S  /water 
ii: thioyrrea. reflux 2h I EtOH 

Scheme 2 

i: HMDS. TCS, reflux 24h Il .4-dioxane 
ii: I -chloro-2-deoxy- 3.5-di-O-p-Toluyl-~-D-ribofurano~e. 

iii: NH:. MeOH 
TiCl I dichloroethane 

12 

Scheme 3 
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2'-deoxyuridine (CD,, 5 x 10~' M). To explain the mechanism of anlilumour activity of 12, the 

interaction of its 5'-monophosphate with thymidylate synthasc was investigated. Preparations of 
purified Ehrlich ascites carcinoma (EAC) and LI 2 10 thymidylate synthase (TS) were as previously 

reporled.' Commercial L. casei TS was purified by aflinily chromatography to eleclrophorelical 

honiogeneily. E q e  assays and identification of the lype of mhibilion were as previously described.6 

Spectrophotometric monitoring at 340 nm of the reaction mixture containing 0.30 mM 2-thio-S- 

chloredUMP in place of dUMP. exhibited no substrate activity with L. casei thymidylate synthase. 

To test whether thymidylate synthase may dehalogenate this nucleoside, absorbance at 280 nm of a 

mixture 0.30 mM halogenated compound and 5 mM P-mercaptoethanol with TS was recorded. 2- 

lhb-S-chlorodUMP was not dehalogenaled by L. casei enzyme. Garret el al.' reporled that TS easily 

dehalogenates BrdUMP and IdUMP but not CldUMP. 

Inhibition of Ehrlich ascites carcinoma and LI 210 thymidylate synthase by 2-thio-5-chloro- 

dUMP was tested by varying the dUMP concentration with different concentrations of inhibitor added 

simultaneously to the reaction mixture. Competitive inhibition, reflected by the intersection at the 

ordinates of Linaveaver-Burk plots led to apparent K, values of 6.0 and 23.2 pM for EAC and L I2 10 

TS, respectively. The K,of L1210 TS for 2-thio-5-chloro-dUMP was over 300-fold higher than that 

for 2-thio-5-fluoro-dUMP. 2-Thio-5-chloro-dUMP did not cause time-dependent inactivation of 

thymidylate synthase, while 2-thio-5-fluoro-dUMP is a time-dependent inactivator of TS from many 

sources.' 

Supported by KBN grant 662539203pl0 1 and 007 1 PY9203 

REFERENCES 

1. Wataya, Y., Santi, D. Biophys. Res. Commun., 1975,67, 8 18. 
2. Balmrini, J., De Clercq, E., Mertes, M.P., Shugar, D., Torrence, P.F. Biochem. 

3. Giziewicz, I., Shugar, D., Acta Biochim. Polon., 1975,22, 87. 
4. Bretner, M., Kulikowski, T., Dzik, J.M., Balinska, M., Rode, W., Shugar, D. 

5.  Rode, W., Kulikowski, T., Kdzierska, B., Shugar, D. Biochem. 

6. Rode, W., Kulikowski, T., Jastreboff, M., B., Shugar, D. Biochem. 

7. Garret, Ch., Wataya, Y., Santi, D.V. Biochemistry, 1979,13,2798. 
8. Dzik, J.M., Zielinski, Z., Ciesla, J., Bretner, M., Kulikowski, Shugar, D., Bertino, 

J.R., Rode, W. Biochem. Biophys. Res. Commun. 1993,195, 1301 

Pharmacology, 1982,2,3673. 

J. Med. Chem., 1993,x,  361 1. 

Pharmacoloa, 1987,36,203. 

Pharmacology, 1984,_33,2798. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


