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Abstract—Initial screening of the cytotoxic and antibacterial properties of 6-substituted 2-oxopurines and dihydro-2-oxopurines
revealed that several compounds exhibited cytotoxicity against K-562 cells in the same range as the well known antileukemic drug
6-mercaptopurine. Most compounds were also tested for inhibitory effect on a Gram-positive bacterium, Lactobacillus casei, as well
as the mycobacterium Mycobacterium tuberculosis. Generally the 2-oxopurines exhibited low antibacterial effect. # 2002 Published
by Elsevier Science Ltd.

We have previously reported that Grignard reagents
add to the 6-position of 2-oxopurines with complete
regioselectivity and that the adducts are readily oxidized
to 6-substituted 2-oxopurine derivatives.1 Employing
this synthetic strategy we have prepared plant growth
stimulators,2 antioxidants3 and potential anti-HIV
compounds.4 Purines carrying a carbon substituent at
C-6 have recently been reported to exhibit profound
cytotoxic5 and antimycobacterial activity.6 As a con-
tinuation of our studies on 2-oxopurines, we have now
performed an initial screening of the cytotoxic and
antibacterial properties of these compounds.

The purines examined were prepared following the gen-
eral strategy outlined in Scheme 1 for the synthesis of
1,9-dibenzyl-2-oxopurines 2, 3 and 4, and the actual
structures are shown in Figure 1.7,8

The compounds 1–6 were screened for cytotoxic activity
against K-562 cells9 (a human chronic myelogenous
leukemia cell line)10 using a [3H]-thymidine incorpor-
ation assay.11

In the initial screening, 10 mg/mL purine concentration
was used and inhibition of [3H]-thymidine incorpor-
ation was determined after 5 and 48 h exposure to the
purine. For the most active purines IC50 was also
determined (Table 1). 1,9-Dibenzylpurine 1 was only

weakly active, but when a substituent was introduced in
the purine 6-position, several derivatives exhibit cyto-
toxicity against K-562 cells after 48 h in the same range
as the well known antileukemic drug 6-mercaptopurine.
Dihydro adducts 2c, 2e and 2f, compounds with a
phenyl or alkyl substituent in the 6-position, were sub-
stantially more active than the corresponding aromatic
structures 3c, 3f, and 3g. Comparison of the isomeric
phenyl adducts 2c, 5 and 6 shows that the 1,9-dialkyl-
ation pattern is preferred and the data for the adducts 4b
and 4c show that the nitrogens should definitely be
alkylated. Only when the purine 6-position carries an
alkynyl group was comparable cytotoxicity observed for
aromatic compounds (3a and 3b) compared to the rela-
ted adducts 2a, 2b and 4b. The IC50 value found for 6-
mercaptopurine after 48 h was substantially lower than
the IC50 found after only 5 h. However, for the 2-oxo-
purine derivatives 2a, 2b, 2d, 3a, 3b and 4b there was
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Scheme 1. (a) Grignard reagent, �78 �C, THF, aqueous work-up; (b)
DDQ or MnO2.
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only a small difference in the level of thymidine incor-
poration after 5 and 48 h, and these compounds were
significantly more active than 6-mercaptopurine in the 5 h
assay.

We have recently reported high activity against Myco-
bacterium tuberculosis for 6-substituted 9-benzylpur-
ines.6 The structures of two of the most active
compounds are shown in Figure 2. Most compounds
described herein were tested as antimycobacterials
against M. tuberculosis H37Rv (ATCC 27294) in BAC-
TEC 12B medium using the Microplate Alamar Blue

Assay (MABA).12 All adducts 2 and 4 examined were
completely inactive and the same was true for most
aromatic compounds 3. However the phenylethy-
nylpurine 3a exhibited a minimum inhibitory concn.
(MIC) against the tuberculosis bacteria at 12.5 mg/mL
(Table 2) and the alkyne was also active against Myco-
bacterium avium, an organism causing opportunistic
infections in AIDS patients, but toxicity (IC50 against
VERO cells <0.2 mg/mL) makes this 2-oxopurine an
unsuitable candidate for an antimycobacterial drug. The
6-aryl-2-oxopurines 3c–3e, which bear structural resem-
blance to the active compounds shown in Figure 2, had

Table 1. Cytotoxicity against chronic myelogenous leukemia cells, cell line K-562, for compounds 1–6

Compd Inhibition of [3H]-thymidine incorporation after 48 h Inhibition of [3H]-thymidine incorporation after 5 h

% Inhibition at 10.0
mg/mL concn. (�SD)a

% Inhibition at 1.25
mg/mL concn. (�SD)a

IC50 (mg/mL)b

(�SD)a
% Inhibition at 10.0
mg/mL concn. (�SD)a

% Inhibition at 1.25
mg/mL concn. (�SD)a

IC50 (mg/mL)b

(�SD)a

1 37(�21) 5.7(�1) >10 16(�9) 4.4(�0.2) >10
2a 100(�0) 59(�0)c 0.8(�0.1) n.d. 20(�5.4)c 1.4(�0.1)
3a 100(�0) 90(�0)c 0.7(�0.05) n.d. 48(�3.3)c 1.0(�0.05)
2b 98(�1) 42(�6) 1.3(�0.05) 90(�11) 35(�0.4) 1.6(�0.2)
3b 97(�2) 100(�0) 0.2(�0.02) 98(�0) 98(�0.5) 0.4(�0.05)
2c 90(�3) 85(�1) 0.2(�0.01) 69(�4) 9.1(�3) 5.1(�0.1)
3c 70(�6) n.d. n.d. n.d. n.d. n.d.
4a 80(�3) n.d. n.d. n.d. n.d. n.d.
5 32(�7) n.d. >10 n.d. n.d. n.d.
6 48(�1) n.d. >10 n.d. n.d. n.d.
2d 98(�2) 33(�1) 1.4(�0.1) 76.4(�1.2) n.d. 2.5(�0.1)
2e 97(�0.3) 26(�0.9) 2.0(�0.1) 51(�27) 15.4(�17) 10(�3)
3f 11(�6) n.d. >10 n.d. n.d. n.d..
4b 100(�0) 99(�0.5) 0.2(�0.01) 94(�1) 66(�3.7) 0.4(�0.05)
4c n.d.d 0.8(�4)c >1 n.d. 0.3(�3)c >1
2f 51(�6) n.d. ca. 10 n.d. n.d. n.d.
3g 18(�5) n.d. >10 n.d. n.d. n.d.

aStandard deviation is given in parentheses.
bThe concentration that reduces [3H]-thymidine incorporation by 50%, IC50, for 6-mercaptopurine was 0.4 mg/mL (48 h assay) and 8.5 mg/mL (5 h
assay).
c1.00 mg/mL concn.
dNot determined.

Figure 1. Structures of the 2-oxopurine derivatives studied.
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no inhibitory effect on M. tuberculosis. Most com-
pounds described herein were also tested for inhibitory
effect on a Gram-positive bacterium; Lactobacillus
casei.13 The MICs were found to be higher than 10 mg/
mL except for the 1,3-dibenzylpurine 5, where MIC was
found to be 10 mg/mL.
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Figure 2. Structures of other antimycobacterial purines.

Table 2. Antibacterial activity for selected compounds 3

Compd % Inhibition of
M. tuberculosis
at 12.5 mg/mL

MIC
M. tuberculosis

(mg/mL)

% Inhibition of
M. avium

at 12.5 mg/mL

MIC
L. casei
(mg/mL)

3a 95 12.5 60 >10
3c 0 n.d. n.d. >10
3d 0 n.d. n.d. >10
3e 0 n.d. n.d. >10
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