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Series of pyrimidine nucleoside analogs were tested for inhibition of DNA and/or RNA synthesis 
at LI2lO cells. The structure-activity relationship was studied at the analogs of cancerostatic 
agents 5-f1uorouracil and arabinosylcytosine. Out of them the 5'-chloro derivatives give some 
promise. The inhibitory activity of cyclocytidine vs DNA and RNA synthesis approaches the 
activity of cancerostatic antibotics. 
---------------------~----~~--- ~-~----~--------

The test system for inhibition of DNA and/or RNA synthesis in L1210 cells, which 
has been used for the study of structure-activity relationship at anthracycline anti
metaboIites1 ,2, is adopted to the screening of nucleoside analogs. The series includes 
the 6-aza analogs of pyrimidine nucIeosides, the studies of which started more than 
twenty years ag03 - 6 • The structure-activity relationship is followed in more details 
at the derivatives of 5-fluorouracil and arabinosylcytosine, the known clinically 
used cancerostatic agents. 

EXPERIMENTAL 

The analogs tested were syn:hesized as indicated by leferences in Table I. Inhibition of nucleic 
acid synthesis in cultured leukemia L1210 cells was performed according to the procedure develo
ped earlierl ,7,8. LI210 cells were grown in RPMI 1640 medium containing 10% heat inactivated 
fetal bovine serum (FBS), 20 mM HEPES buffer at pH 7'2,100 units/ml of penicillin, and 100 ~g; 
: ml of streptomycin, and were maintained at a density of 1-4. 106/ml. All compounds were 
tested for possible inhibition of the incorporation of [3H]-thymidine into trichloroacetic acid 
precitable material. The compounds were weighed on a microbalance immediately before use 
and were dissolved in dimethyl sulfoxide. The above growth medium was added to yield a final 
dimethyl sulfoxide concentration of 2%. The analogs were assayed at final concentrations of I 000, 
100,20, 10,3, 1,0'3, and 0·1 ~moll-I. All groups of assays included a standard of daunorubicin 
as well as untreated control cells. One-half ml of LI2lO cells at a concentration of 2. 106/ml 
was added to 0'5 ml of the test solutions and incubated for 2 h at 37°C in a reciprocating shaker 
bath. Then, each assay of cells and test compounds was expo~ed for 1 h to 0'5 ~Ci/ml of eH]
-thymidine (40 Ci/mol). and trichloroacetic acid precitable radioactivity was determined. The 

• Part XL in the series Analogues of Nucleosides; Part XXXIX: This Journal 48, 2088 (1983) . 
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TABLE I 

Inhibitory effect of nucleoside analogs vs nucleic acid synthesis in L12I0 cells 

6-AZ3.uraciI25 

1-Methyl-6-azauraciI25 

6-Azauridine26 

Compound (ref.) 

5'-Methanesulfonyl-5-azauridine 
0 2,2' -Cyclo-6-azauridine t 2 

6-AZ3.cytosine 
6-Azacitidine27 ,28 

Arabin'osyl-6-azacytosine29 

6-Azaisocytosine 
6-Azaisocytidine 
Arabinosyl-6-azaisocytosine12 

6-Azathymine30 

4-Thio-6-azauraci I 
4-Thio-6-azauridine2 7 

2' ,3' _ Isopropylidene-4-thio-6-azauridine2 7 

5' -Acety I-2' ,3' -isopropyIidene-4-thio-6-azauridine2 7 

ArabinosyIurasil31 

Arabinosylisocytosine12 

Arabinosyl-4-thiouraciI31 

5-Fluorouracil 
5-Fluorouridine26 

5-Fluoro-2' -deoxyuridine 32 

5'-Deoxy-5-fluorouridine3 3 

2',5' -Dideoxy.5-fluorouridine34 

5' -Chloro-5-fluorouridine3 3 

5' -Chi oro-S-ftuorocyclouridine34 

Ara bi nosy I-5-iluorouraci 1 
5' - Deoxyarabi nosyl-5-fluorouraci 134 

TC',rahydrofuranyI-5-fluorouracil 
Arabi :1osyIcytosine31 ,35 

Tri-O-acetylarabinosylcytosine36 

N-AcetyIarabinosylcytosine37 

Tetraacety Iarabinosylcytosine 3 8 

0 2 ,2' -Cyclocytidine. HeI 14 

5' -Ch] Of oar a b j nosy Icytos i ne 39 
5' -Bromoara binosy ]cytosine2 2 

5'-Chlorocyclocytidine39 

2',5' -An hydro1rabinosy lcytosine2 2 

5' -Dcoxyara binosy lcytosine39 

5' -C'hlorocytidine3 9 
5'-Dcoxycy:idinc39 

5' -Dcoxyadenosine39 

5' -C'h]oroadenosin~3 9 
Dau!1orubicin 

---------~~---~-

>1000 
>1000 

229 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

798 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

200 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

0·13 
49 

1·8 

458 
0·3 
4·4 

24b 

2·4b 

20b 
>1000 
>1000 
>1000 

516 
278 

0·4 

>1000 
>1000 

810 
>1000 
>1000 
>1000 

982 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

55 
0'9 

58 
615 

>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 
>1000 

207 

602 
37 

>1000 

>1000 
288 
146 
278 
243 

0·2 
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concentration producing a 50% inhibition of [3H]-thymidine incorporation into trichloroacetic 
acid precitable material as compared with untreated controls (ED50) was calculated for each 
compound. Appropriate concentrations in the range of the initial ED50 were selected for each 
compound, and assays were repeated. A similar technique using [3H]-uridine provided EDSo, 
values for inhibition of RNA synthesis. 

RESUL TS AND DISCUSSION 

The 6-aza analogs were found very weak inhibitors of NA synthesis. 6-Azauridine 
inhibited both the DNA and RNA synthesis, 6-azacytidine was found a selective 
inhibitor of RNA synthesis. The difference between 6-azacytidine and 6-azauridine 
supported the original findings of their different mechanism of action 9 - 11. The 
introducing of an appropriate secondary change into the original biologically active 
molecule, a change which could be potent in general to produce a biological activity~ 
e.g., to prepare 4-thio or arabinosyl derivatives, did not enhance the activity of the 
original molecule. Only 4-thio derivatives of 6-aza analogs expressed some activity 
while arabinosyl-4-thiouracil caused the greatest disappointment of our expecta
tions. 

An emphasized attention was devoted to a group of nucleoside analogs of a high 
chemical reactivity which should be able to interact with the biological system under 
the presentation of biological activity. A very fast and quantitative reaction of02 ,2'
-cyclo-6-azauridine with ammonia 12 and/or aliphatic or aromatic amines 13 was 
observed but no biological activity was shown at these derivatives. A series of cyclo
nucleosides and epoxynucleosides were similarly found biologically not interesting. 
The known high activity of cyclocytidinel4 is an exception. 

For a more detailed study on structure-activity relationship the derivatives of ara
binosylcytosine and 5-fluorouracil were selected. The study was intended to find 
out to what extent the single functional groups retain the biological activity. A parti
cular attention was devoted to the derivatives which were not able to form the 5' -phos
phate esters, the proposed proper biologically active forms of these antimetaboli
tes IS - 17. 

At the derivatives of 5-fluorouracil, the nucleobase was compared with its ribosyl 
and 2'-deoxyribosyl derivatives, and with the 5'-deoxy derivatives of both the ribo 
and the deoxyribo series, and with Ftorafur (l-((R, S)-tetrahydrofuran-2-yl)-5-fluoro
uracil, bearing no hydroxyl groups). 

It was interesting to know if the derivatives would differ in their inhibitory effect 
vs synthesis of single types of nucleic acids. In contrast to a very strong activity 

+--

a Concentration in Ilmoll- I causing a 50% inhibition of nucleic acid synthesis; b concentration 
in Ilmol 1- 1 causing a 50% inhibition of Ll2l 0 cell growth; the results were supplied by Dr A. 
Bloch from Roswell Park Memorial Institute; the comparative figures are for arabinocytosine 
0'05, for cyclocytidine 0'08, and for 5'-chloroarabinosylcytosine 2·4. 
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of 5-fluorouracil vs RNA synthesis, Ftorafur did not inhibit either RNA or DNA 
synthesis. Thus, the C-N bond of Ftorafur is not cleaved under conditions of oUr 
test and, as the C-N bond of Ftorafur is hydrolysed faster than at deoxyribonucleo
sides18, the deoxyribo and in particular the ribo nucleosides should pass the test 
without a cleavage of their nucleoside bond. 5-Fluorouridine expresses a specific 
inhibitory activity vs RNA synthesis almost by two order higher than 5-fluorouracil. 
At the 2',3'-isopropylidene derivative, the activity is expressively lowered similarly 
to the 5'-deoxy derivative of 5-fluorouridine. In contrary to that, the 5'-deoxy deriva
tive of 2'-deoxy-5-fluorouridine does not exhibit any activity. 2'-Deoxy-5-fluorouri
dine, as the only one, exhibits a simultaneous effect vs DNA and RNA synthesis. 
We should therefore admit that the mechanism of its action differs from the other 
5-fluorouracil derivatives. Also, the proposed transformation of 5-fluorouridine 
to 2' -deoxy-5-fluorouridine 5' -phosphate and following inhibition of thymidylate 
synthetase 1 5 should not be the only one mechanism of action for 5-fluorouridine. 
5'-Chloro-5-fluorouridine does not exhibit any activity vs NA synthesis and 5'-deoxy
-5-fluorouridine a very low one vs RNA synthesis. Both compounds were shown later 
on as promising prodrugs of 5-fluorouraciI19 .20. 

While the 5-fluorouracil derivatives belong to the most potent inhibitors of RNA 
synthesis the derivatives of arabinosylcytosine belong to the most potent inhibitors 
of DNA synthesis. Arabinosylcytosine itself exhibits the strongest specific inhibitory 
effect vs DNA synthesis. The specificity of action remains retained at tri-O-acetyl
arabinosylcytosine. Cyclocytidine expresses one of the most potent inhibitory effect 
vs DNA synthesis and simultaneously a very strong inhibition of RNA synthesis. 
We suppose that its biological action in vivo proceeds by another mechanism than 
only by its transformation to arabinosylcytosine. The N-acetyl derivative of arabino
sylcytosine exhibits also a simultaneous effect vs DNA and RNA synthesis. It seems 
that the change of the 4-amino group to imino group or substitution of the amino 
group results in a change in the mechanism of action ofthe parent compound, arabino
sylcytosine. 

Out of the 5'-deoxy derivatives of arabinosylcytosine, 5'-chloroarabinosylcytosine 
exhibits the most surprising result with its very strong inhibition of DNA synthesis, 
while 5' -deoxyarabinosylcytosine is inactive. In constrast to arabinosylcytosine, 
5'-chloroarabinosylcytosine is inactive21 in inhibition of Herpes simplex virus. Ori
ginally, it was supposed that the 5'-chloro derivative is slowly hydrolysed to arabi no
sylcytosine which then expressed its biological activity. This suggestion was contra
dicted by further chemicaF2 and biological23 studies, where the 5'-chloro derivative 
was converted to the 2',5'-anhydro derivative of arabinosylcytosine22 • Even if a par
tial conversion of the 5'-halogeno and of the 2',5'-anhydro derivatives to the bio
logically active arabinosylcytosine cannot be completely excluded, such a mechanism 
of action seems to be very unlikely. We may conclude that an interesting and promis
ing new group of compounds of a strong biological activity has been found. The 

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984] 



An"logues of Nucleosides 2555 

attractiveness of these compounds is emphasized by the results on deamination 
by the isolated enzyme23 and in particular by the results on penetration of nucleoside 
analogs through biomembrane24• 

If we look after the order of priority of the inhibitory effects separately vs DNA 
and/or RNA synthesis, the derivatives of arabinosylcytosine belong to the stron
gest inhibitors of DNA synthesis, in an order arabinosylcytosine, cyclocytidine, 
N-acetylarabinosylcytosine and the 5'-chloro derivative of arabinosylcytosine. 2/-De
oxy-5-fluorouridine is the only one representative of the 5-fluorouracil derivatives 
po~sessing inhibitory effect vs DNA synthesis. The most potent inhibitor of RNA 
synthesis is 5-fluorouridine while the second one is cyclocytidine. The activity of 
5'-deoxy and/or 5'-chloro derivatives of cytidine and adenosine is a low one but the 
5' -deoxy derivatives of adenosine belong to the rare nucleoside analogs which inhibit 
both the RN A and DN A synthesis. In this respect, cyclocytidine, as the only one, stands 
in its effectiveness very close to the most potent antibiotic cancerostatic agents. 

In conclusion, we propose to accept the test system for inhibition of nucleic acid 
synthesis in L1210 cells as the first assay in search for new compounds promising can
cerostatic activity. This test is able to find out the activity of the original, unchanged 
molecule, the results are obtained in a quantitative way and in an reproducible 
form, minimum supply of material is needed and, together with simplicity, it enables 
the scrrening of large series of compounds. 

The authors express sincere thanks to Dr A. Bloch. Mrs D. L. Taylor. Dr H. Hfebabecky and 
MrJ J. Hlavtickovtifor a generous cooperation. 
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