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Abstract—All the nine 1,3-dialkylated-pyrimidin-2,4-diones investigated are active against all the 59 human tumor cell lines. Com-
pounds 2, 3, 4, and 6 show significant anti-cancer activities at some specific cell lines while compounds 7 and 9 exhibit anti-cancer
activities against more number of cell lines. The structure–activity relationship studies indicate that the presence of piperidine/pyr-
rolidine at the end of C-6 chain, benzoyl group at C-5, and benzyl groups at N-1, N-3 of the pyrimidine ring increases the anti-cancer
activities of these molecules.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Since 1940, when for the first time the nitrogen mustard1

alkylating agents were used for the treatment of leuke-
mia and lymphomas, various chemotherapeutic agents
have been tested to have anti-cancer activities2 and
based upon the nature of the target biomolecule (mech-
anism of action),2 each category of drugs has a charac-
teristic pharmacophore. The difficulty to diagnose the
disease at the earlier stage, the selectivity of anti-cancer
agents toward cancerous cells without harming the nor-
mal cells3 and ultimately the obstacle of multidrug resis-
tance4 has made cancer as number one cause of untimely
deaths all over the world. The enzymes like topoisomer-
ase II5 (Topo II), thymidylate synthase,6 (TS) thymidyl-
ate phosphorylase7 (TP), etc., are the common targets of
anthraquinone and pyrimidine based anti-cancer drugs8

among which mitoxantrone9 and 5-flurouracil10 are in
clinical use. Mechanistically, both these anti-cancer
agents work at the DNA level; mitoxantrone intercalates
with the DNA or DNA-Topo II complex through the
hydrophobic interactions from anthraquinone nucleus
and the polar interactions from the side arms while
5-fluorouracil acts as anti-metabolite of RNA/DNA
via inhibition of TS. However, the narrow therapeutic
index, multidrug resistance, and various side effects
associated with anti-cancer agents have considerably
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reduced their efficacy and necessitated the search for
more effective chemical entities.

Recently, we have synthesized a series of pyrimidine
derivatives11 and found them to interact12 with P-glyco-
protein (P-gp), the causative agent for multidrug resis-
tance (MDR). Further, the structural features of these
molecules, that is, the presence of a chain with two
hydrogen donating sites (similar to the polar side arms
of mitoxantrone) and a cyclic tertiary nitrogen base at
C-6 along with a benzoyl group either in the C-6 chain
or at C-5 of the pyrimidine moiety (C-5 occupied like
5-fluorouracil), which could contribute toward both
the lipophilic and hydrophilic interactions of these com-
pounds with the targets like DNA/DNA-Topo II com-
plex or TS, encouraged us to investigate these
pyrimidine derivatives for their anti-cancer activities.
Nine compounds were subjected to 59 human tumor cell
lines and some of these compounds show appreciable re-
sults. The structure–activity relationship studies high-
light that the compounds with pyrrolidine and
piperidine moieties at the end of C-6 chain along with
the presence of one or two benzoyl groups in the mole-
cule show better profile of their anti-cancer activities.
2. Results

2.1. Chemistry

From a series of recently synthesized pyrimidine deriva-
tives,11 nine compounds (1–9, Fig. 1) have been selected
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Figure 1.
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on the basis of the nature of cyclic tertiary amine present
at the end of C-6 chain (pyrrolidine, piperidine or mor-
pholine), presence/absence of benzoyl group either in the
C-6 chain or C-5 of pyrimidine or at both the places and
the nature of N-1, N-3 substituents (CH3, CH2Ph).

2.2. Anti-cancer screening

The anti-cancer activities of all the nine compounds
have been tested, utilizing 59 different human tumor cell
lines representing leukemia, melanoma, and cancers of
the lung, colon, brain, ovary, breast, prostate as well
as kidney, following the standard procedure.13 The
results of these studies in terms of growth inhibition of
50% (GI50) have been given in Table 1.
3. Discussion

From the results of Table 1, it has been noticed that all
the tested compounds are active against all the cell lines.
Some of these compounds have been found to be highly
cell line specific and show appreciable inhibition of a
particular tumor cell line at sub-micromolar concentra-
tion. Amongst compounds 1, 2, and 3 (no benzoyl group
in the molecule), compound 3 (average GI50 over all cell
lines 3.65 · 10�5 M) (with pyrrolidine moiety and benzyl
groups) shows better anti-cancer activity in comparison
to compounds 1 (average GI50 10�4 M) and 2 (average
GI50 4.1 · 10�5 M). Compound 4, with pyrrolidine moi-
ety and one benzoyl group present in the C-6 chain,
exhibits high specificity for CCRF-CEM cell line. Shift-
ing of benzoyl group to C-5 (compounds 6 and 7) has
remarkably increased the anti-cancer activities of these
compounds. Again compound 7 (average GI50

1.38 · 10�5 M) with pyrrolidine moiety has slightly bet-
ter anti-cancer activity in comparison to compound 6
(average GI50 1.92 · 10�5 M). Between compounds 8
and 9 (with two benzoyl groups in the molecule), com-
pound 9 (average GI50 1.71 · 10�5 M) having piperidine
residue at the end of C-6 chain exhibits better anti-
cancer activity than compound 8 (average GI50

5.1 · 10�5 M). The highly potent compounds 7 and 9
show slightly better anti-cancer activities than 5-fluoro-
uracil (average GI50 1.77 · 10�5 M).

Therefore, a suitable combination of the groups and
their appropriate placement in the molecule significantly
control the function of the molecule. In the present
investigations, for a compound to show better results,
the following preferences have been observed:

(i) Presence of pyrrolidine or piperidine moiety in the
molecule is preferred over the morpholine.

(ii) Benzoyl group is preferred at C-5 of pyrimidine
instead of its presence as benzyloxy group in the
C-6 chain (compare the results of compound 5 with
those of 7).

(iii) Presence of two benzoyl groups in the molecule
instead of one at C-5, to some extent, changes the
specificity of the molecule from one cell line to the
other (compare the results of compounds 7 and 9).
4. Conclusions

Out of the nine compounds investigated in the present
contribution, two compounds (7 and 9) show significant



Table 1. Concentrations of compounds 1–9 resulting in growth inhibition of 50% (log10 GI50) of in vitro human tumor cell lines

Panel/cell line Compound

1 2 3 4 5 6 7 8 9 5-Fluorouracil10

Leukemia

CCRF-CEM >�4.0 �4.43 �4.55 �7.12 �4.63 �4.30 �4.61 �4.47 �5.09 �4.5

HL-60 (TB) >�4.0 �5.00 �5.11 >�4.0 nd nd nd �4.51 �5.13 �4.7

K-562 >�4.0 �4.51 �4.60 >�4.0 �4.04 �4.32 �4.62 �4.49 �5.13 �4.7

MOLT-4 >�4.0 �4.56 �4.61 >�4.0 >�4.0 �4.32 �4.71 nd nd �4.9

RPMI-8226 >�4.0 �4.55 �4.65 >�4.0 �4.53 �4.44 �4.71 �4.57 �5.16 �5.3

SR >�4.0 �5.00 �6.07 >�4.0 nd nd nd nd nd �5.4

Non-small cell lung cancer

A549/ATCC >�4.0 �4.27 >�4.0 >�4.0 >�4.0 �4.42 �4.49 �4.31 �4.30 �5.7

EKVX >�4.0 �4.15 >�4.0 >�4.0 >�4.0 �4.63 �4.71 �4.28 �4.42 �3.5

HOP-62 >�4.0 �4.47 �5.03 >�4.0 >�4.0 �4.03 �4.66 �4.26 �4.75 �4.7

HOP-92 >�4.0 �4.66 �5.13 >�4.0 nd nd nd �4.53 nd �3.8

NCI-H226 >�4.0 �4.25 >�4.0 >�4.0 �4.09 �4.51 �4.73 �4.30 �4.17 �3.6

NCI-H23 >�4.0 �4.37 �4.04 >�4.0 >�4.0 �7.43 �4.70 �4.36 �4.73 �4.9

NCI-H322M >�4.0 >�4.0 �4.39 >�4.0 >�4.0 �4.31 �4.70 �4.25 �4.67 �4.7

NCI-H460 >�4.0 �4.35 �4.40 >�4.0 >�4.0 �4.42 �4.70 �4.34 �4.67 �6.0

NCI-H522 >�4.0 �4.55 �4.10 >�4.0 >�4.0 �4.38 �4.70 �4.33 �4.68 �4.4

Colon cancer

COLO 205 >�4.0 �4.63 �5.01 >�4.0 >�4.0 �5.72 �5.09 �4.33 �5.01 �5.2

HCC-2998 >�4.0 �4.46 �4.59 >�4.0 >�4.0 �7.19 �4.69 �4.32 �5.22 �5.8

HCT-116 >�4.0 �4.46 �5.17 >�4.0 �4.25 �4.47 �5.12 �4.39 �5.13 �5.4

HCT-15 >�4.0 �4.34 �4.29 >�4.0 >�4.0 �4.49 �5.07 �4.41 �5.17 �5.2

HT29 >�4.0 �4.73 �5.00 >�4.0 �4.46 �4.74 �5.06 nd nd �5.2

KM12 >�4.0 �4.44 �5.13 nd >�4.0 �4.39 �5.10 �4.38 �5.00 �5.0

SW-620 >�4.0 �4.20 4.39 >�4.0 >�4.0 �4.30 �5.11 �4.12 �4.45 �4.6

CNS cancer

SF-268 >�4.0 �4.20 �4.32 >�4.0 >�4.0 �4.20 �5.01 >�4.0 �4.62 �4.3

SF-295 >�4.0 �4.38 �4.33 >�4.0 >�4.0 �4.50 �5.05 �4.38 �4.66 �4.3

SF-539 >�4.0 �4.22 >�4.0 >�4.0 >�4.0 �4.33 �5.01 �4.04 �4.66 �5.9

SNB-19 >�4.0 >�4.0 >�4.0 >�4.0 >�4.0 �5.27 �4.20 �4.15 �4.52 �3.9

SNB-75 >�4.0 �4.50 �4.60 >�4.0 �4.78 �5.17 �5.07 nd nd �3.7

U251 >�4.0 �4.32 �4.36 >�4.0 >�4.0 �4.51 �5.09 �4.37 �4.82 �4.4

Melanoma

LOX IMVI >�4.0 �4.42 �4.73 >�4.0 >�4.0 �4.38 �5.10 �4.23 �5.19 �5.2

MALME-3M >�4.0 �4.57 �4.65 �5.06 >�4.0 �4.29 nd >�4.0 �5.03 �4.7

M14 nd nd nd nd nd nd �5.06 nd �5.09 �4.3

SK-MEL-2 >�4.0 >�4.0 >�4.0 >�4.0 >�4.0 >�4.0 �5.09 �4.42 �5.02 �3.4

SK-MEL-28 >�4.0 �4.54 �4.78 >�4.0 >�4.0 �4.39 �5.15 �4.25 nd �4.3

SK-MEL-5 >�4.0 �4.72 �4.77 >�4.0 >�4.0 �4.57 �5.20 �4.42 �5.04 �4.9

UACC-257 >�4.0 �4.52 �4.50 >�4.0 >�4.0 �4.09 �5.08 �4.11 �5.12 �4.0

UACC-62 >�4.0 �4.64 �4.68 >�4.0 �4.05 �4.37 �5.06 �4.41 �5.08 �4.9

Ovarian cancer

IGROV1 >�4.0 �4.48 �4.58 >�4.0 >�4.0 �4.29 �4.67 �4.19 �4.76 �4.9

OVCAR-3 >�4.0 �4.25 >�4.0 >�4.0 >�4.0 �4.73 �4.74 �4.47 �4.75 �4.6

OVCAR-4 >�4.0 �4.40 �4.23 >�4.0 >�4.0 �4.69 �4.62 nd nd �4.2

OVCAR-5 >�4.0 >�4.0 >�4.0 >�4.0 >�4.0 �6.28 �4.53 >�4.0 �4.61 �3.8

OVCAR-8 >�4.0 �4.14 >�4.0 >�4.0 >�4.0 �4.24 �4.73 �4.19 �4.74 �4.7

SK-OV-3 >�4.0 >�4.0 >�4.0 >�4.0 >�4.0 �5.05 �4.47 >�4.0 �4.43 �3.8

Renal cancer

786-0 >�4.0 �4.38 �4.49 >�4.0 >�4.0 �4.20 �4.72 �4.15 �4.83 �4.9

A498 >�4.0 �4.31 >�4.0 >�4.0 >�4.0 �4.69 �5.64 �4.43 �4.49 �5.0

ACHN >�4.0 �4.30 >�4.0 >�4.0 >�4.0 �4.42 �4.65 �4.33 �4.52 �5.0

CAKI-1 >�4.0 �4.07 >�4.0 >�4.0 >�4.0 �4.55 �4.61 �4.36 �4.74 �5.4

RXF 393 >�4.0 �4.52 �4.34 >�4.0 �4.12 �4.60 �4.67 �4.46 �4.83 �4.3

SN12C >�4.0 �4.37 >�4.0 >�4.0 >�4.0 �4.36 �4.71 �4.29 �4.71 �4.6

TK-10 >�4.0 >�4.0 >�4.0 >�4.0 >�4.0 �4.55 �4.71 �4.16 �4.63 �3.9

UO-31 >�4.0 �4.56 �4.34 >�4.0 >�4.0 �4.38 �4.73 �4.28 �4.78 �5.3

Prostate cancer

PC-3 >�4.0 �4.47 �4.57 >�4.0 >�4.0 �4.22 �4.76 �4.41 �4.88 �4.3

DU-145 >�4.0 �4.29 �4.06 >�4.0 �5.72 �4.75 �4.75 >�4.0 �4.55 �5.0
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Table 1 (continued)

Panel/cell line Compound

1 2 3 4 5 6 7 8 9 5-Fluorouracil10

Breast cancer

MCF7 >�4.0 �4.38 �4.72 >�4.0 >�4.0 �4.26 �4.37 �4.32 �4.68 �5.8

NCI/ADR-RES >�4.0 �4.18 >�4.0 >�4.0 >�4.0 �6.88 �5.01 �4.32 �4.75 �4.4

MDA-MB-2321/ATCC >�4.0 �4.72 �4.58 >�4.0 �4.12 �4.47 �5.11 �4.37 �4.76 �3.3

HS 578T >�4.0 �4.42 �4.43 >�4.0 >�4.0 �4.31 �5.09 �4.40 �4.38 �3.6

MDA-MB-435 >�4.0 �4.22 �4.57 >�4.0 >�4.0 �4.44 �5.06 �4.06 �4.73 �5.0

BT-549 >�4.0 �4.34 �4.21 >�4.0 �6.11 �4.64 �5.18 �4.38 �4.59 �4.0

T-47D >�4.0 �4.21 �4.28 >�4.0 �4.72 �7.43 �4.67 >�4.0 >�4.0 �4.1

nd, not done.

P. Singh, K. Paul / Bioorg. Med. Chem. 14 (2006) 8622–8625 8625
inhibition of tumor cells at various cell lines. Some other
compounds like 2, 3, 4, and 6 also exhibit growth inhi-
bition of particular cell lines at sub-micromolar concen-
trations. These studies highlight the role of various
groups along with the placement in the molecule toward
their tumor cell growth inhibitory properties and could
be useful in the further tailoring of the molecules for
improving their anti-cancer properties.
5. Experimental

The anti-cancer activities of all the compounds were
tested by screening unit of NCI at NIH Bethesda,
USA, following their standard procedure
(www.dtp.nci.nih.gov/). The test compounds have been
evaluated at five concentrations viz. 10�4, 10�5, 10�6,
10�7, and 10�8 M. The percentage growth of tumor cells
was calculated at each cell line for each concentration of
the compound. The results are expressed as growth inhi-
bition of 50% (GI50) which is the concentration of the
compound causing 50% reduction in the net protein in-
crease (as measured by SRB staining) in control cells
during drug incubation. However, in these studies the
particular cellular target of the compounds has not been
identified.
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