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Abstract
Some novel fused heterocyclic compounds of 2, 5-disubstituted-benzoxazole and benzimidazole derivatives, which were
previously synthesized by our group, were investigated for their inhibitory activity on both eukaryotic DNA topoisomerase I
and II in a cell free system. 2-Phenoxymethylbenzimidazole (17), 5-amino-2-( p-fluorophenyl)benzoxazole (3), 5-amino-2-( pbromophenyl)benzoxazole (5), 5-nitro-2-phenoxymethyl-benzimidazole (18), 2-( p-chlorobenzyl)benzoxazole (10) and 5amino-2-phenylbenzoxazole (2) were found to be more potent as eukaryotic DNA topoisomerase I poisons than the reference
drug camptothecin having IC50 values of 14.1, 132.3, 134.1, 248, 443.5, and 495 mM, respectively. 5-Chloro-2-(pmethylphenyl)benzoxazole (4), 2-(p-nitrobenzyl)benzoxazole (6) and 5-nitro-2-(p-nitrobenzyl)benzoxazole (8) exhibited
significant activity as eukaryotic DNA topoisomerase II inhibitors, having IC50 values of 22.3, 17.4, 91.41 mM, respectively,
showing higher potency than the reference drug etoposide.
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Introduction
DNA topoisomerases, which catalyze the interconversion of various topological states of DNA, were
originally discovered to change the superhelical
structure of closed circular DNAs. Depending on
the nature of the reactants and reaction conditions,
topoisomerases can catalyze DNA relaxation/supercoiling, catenation/decatenation and knotting/unknotting reactions [1,2]. Based on their functional
mechanisms, DNA topoisomerases have been classified into two types. Type I DNA topoisomerase breaks
and rejoins only one of the two strands during
catalysis, while type II DNA topoisomerase acts on
both strands for each DNA strand-passing reaction
and it requires ATP for full activity [3]. Since the
activity of topoisomerases is essential for several
cellular processes such as replication, transcription
and chromosome condensation, investigation of

inhibitory activities of eukaryotic topoisomerases is
widely used in anticancer drug development.
Many antitumour agents poison topoisomerases by
stabilising a topo-DNA cleavable complex to cause
DNA breaks, thus shifting the reaction equilibrium
towards cleavage, which leads ultimately to cell death.
These compounds are called poisons because they
convert this essential nuclear enzyme into a lethal
poison. In contrast to the poisons, the catalytic
inhibitors do not induce DNA breaks, instead they
inhibit the catalytic activity of the topoisomerase at a
step prior to the formation of the topo-DNA cleavable
complex [4].
Several of the anticancer agents in clinical use have
been shown to be potent inhibitors of DNA topoisomerase II. Etoposide (VP-16), teniposide (VM-26),
mitoxantrone, m-AMSA, adriamycin (doxorubicin),
and daunomycin have all been demonstrated to possess

Correspondence: Prof. Dr. I. Yildiz, Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, TR-06100
Tandogan, ANKARA, -TURKEY. Tel: 90 312 212 68 05 2308; Fax: 90 312 223 69 40; E-mail: iyildiz@pharmacy.ankara.edu.tr
ISSN 1475-6366 print/ISSN 1475-6374 online q 2008 Informa UK Ltd.
DOI: 10.1080/14756360701342516

Downloaded By: [TÜBTAK EKUAL] At: 09:49 18 October 2009

38

E. Oksuzoglu et al.

significant activity as inhibitors of DNA topoisomerase
II [5– 7]. In comparison to topoisomerase II inhibitors,
however, there are fewer known topoisomerase I
inhibitors and camptothecin is the most extensively
studied mammalian topoisomerase I poison [2,8].
In recent years, detailed investigations of bi- and
ter-benzimidazole derivatives revealed that these
compounds constitute a new class of DNA topoisomerases I and II inhibitors [9 –13]. A derivative of
camptothecin (Formula I) having a benzoxazole ring
system within its structure was found to be
significantly more potent than camptothecin as an
inhibitor of DNA topoisomerase I [14]. Work on such
compounds indicates that a fused ring system in the
structure is critical for the activity.
Currently, we investigated the inhibitory effects of
some novel fused heterocyclic compounds on eukaryotic DNA topoisomerase II in a cell free system
(Formula II) [15– 17] and pointed out that in addition
to the very well-known bi- and ter-benzimidazoles
[10 – 13] compounds with single bicycled fused ring
systems in their structure such as benzimidazole,
benzoxazole, benzothiazole, and oxazolo(4,5-b)pyridine derivatives also exhibited significant DNA
topoisomerase II inhibitory activity [15].

Materials and methods
Materials
Eukaryotic DNA topoisomerases I and II from calf
thymus were purchased from Amersham Biosciences
UK. pBR322 plasmid DNA was obtained from MBI
Fermentas Ltd. Fused heterocyclic test compounds
were chemically synthesized as described previously
[18 – 20] except compound 11 (see below). Solutions
of the tested compounds in 20% dimethyl sulfoxide
(DMSO) were freshly prepared. All the other
chemicals were of analytical grade.
Synthesis of 5-amino-2-( p-methylbenzyl)benzoxazole
(11)
A mixture of 2,4-diaminophenol dihydrochloride
(0.01 mol) and p-methyl-phenylacetic acid (0.01 mol)
was refluxed at 160 –1658C in PPA (Polyphosphoric
acid) (12.5 g) for 1 – 1.5 h. At the end of the reaction
period the residue was poured into ice-water and
neutralised with excess of 10% NaOH solution. The
precipitate was collected, washed, dried and extracted
with ethyl acetate to remove impurities. The combined
ethyl acetate extracts were dried over anhydrous
sodium sulfate and evaporated in vacuo. The crude
product was recrystallised from ethanol and ethanolwater. Yield: 57%. MW: 238. mp:83 – 858C. 1H-NMR
(CDCl3): 2.70 (s, 3H, CH3), 4.45 (s, 2H, CH2), 6.65 –
6.80 (dd, 1H, C-6, J6,7 ¼ 8.56, J6,4 ¼ 2.19 6.95 – 7.00
(d, 1H, C-4, J4,6 ¼ 2.10) 7.15 – 7.35 (m, 7H, C-20 , C30 , C-40 , C-50 , C-60 , C-7, NH). IR (KBr disc cm – 1):
3382, 1615, 1556, 1486, 1453, 1272, 1192. LCMS(Scan ES þ ): 239 (Mþ).
DNA topoisomerase I assay

In this study, a new series of 2,5-disubstitutedbenzoxazole and benzimidazole derivatives (Table I),
which was previously synthesized and tested for
their antimicrobial activity by our group [18– 20],
has been investigated for their inhibitory activity on
eukaryotic DNA topoisomerases I and II in a cell
free system. The goal of this research, was that
predictions from the structure-activity relationships of
these tested compounds possibly could lead to the
design of more potent new DNA topoisomerases I and
II inhibitors.

Relaxation activity of DNA topoisomerase I was
determined by measuring the conversion of supercoiled pBR322 plasmid DNA to its relaxed form
[2,21]. The reaction mixture contained 35 mM
Tris-HCl (pH 8.0), 72 mM KCl, 5 mM MgCl2,
5 mM DTT, 5 mM spermidine, 0.01 mM bovine
serum albumin (BSA), 0.3 mM pBR322 plasmid
DNA, 1 U of enzyme and different concentrations of
drugs in a total volume 12 mL. The mixture was
incubated for 1 h at 378C. After the incubation
period, 3 mL of loading buffer containing in
electrophoresis buffer (60 mM Tris, 30 mM acetic
acid and 1.5 mM EDTA, pH 8.0) was added and
mixture was subjected to electrophoresis on 1%
agarose at 45 V for 3 h. After electrophoresis the gels
were stained with ethidium bromide (1 mg/mL),
photographed under UV light and band distribution
was analyzed with a gel analysis system. The rate of
formation of the newly formed bands was used as a
measure of enzyme activity. Inhibitory activities were
expressed as the micromolar concentration of test
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compound that caused 50% inhibition per unit of
enzyme, under the assay conditions. Camptothecin
was used as the reference drug.
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Inhibitory activities were expressed as the micromolar
concentration of test compound that caused 50%
inhibition per unit of enzyme, under the assay
conditions. Etoposide was used as the reference drug.
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DNA topoisomerase II assay
Relaxation activity of DNA topoisomerase II was
determined by measuring the conversion of supercoiled pBR322 plasmid DNA to its relaxed form
[2,21]. The reaction mixture contained 10 mM TrisHCl (pH 7.9), 50 mM NaCl, 50 mM KCl, 5 mM
MgCl2, 0.1 mM EDTA, 15 mL/mL bovine serum
albumin (BSA), 1 mM ATP, 0.3 mM pBR322 plasmid
DNA, 5 U of enzyme and different concentrations of
drugs in a total volume 10 ml. The mixture was
incubated for 1 h at 308C. After incubation period,
3 mL of loading buffer in electrophoresis buffer TAE
(60 mM Tris, 30 mM acetic acid and 1.5 mM EDTA,
pH 8.0) was added and mixture was subjected to
electrophoresis on 1% agarose at 45 V for 3 h. After
the electrophoresis gels were stained with ethidium
bromide (l mg/mL), photographed under light and
band distribution was analyzed with a gel analysis
system. The rate of formation of the newly formed
bands was used as a measure of enzyme activity.

Results and discussion
Eukaryotic DNA topoisomerase I and II activities in
cell-free systems were evaluated by the relaxation
assay as described in above. The relaxation assay
utilizes supercoiled plasmid as substrate and has been
used by many investigators to study inhibition of DNA
topoisomerase I and II activities. The supercoiled
substrate and its relaxed product can easily be
distinguished in ethidium bromide stained gels since
relaxed isomers migrate more slowly than the supercoiled isomer [22]. The change in the molecular shape
without a change in the molecular weight can be
differentiated, since more compact molecules move
faster as compared to their more relaxed counterparts.
If the DNA molecules were completely relaxed by
topoisomerases and there is equilibrium between the
different topological forms of the DNA molecules,
then, at the end of the electrophoresis several bands
would be obtained. However, if the test compounds

Figure 1. Electrophoregram showing the inhibitory effects of tested compound 17 and reference drug camptothecin on eukaryotic DNA
topoisomerase I. Lane 1; supercoiled pBR322 plasmid DNA (0.3 mg) with incubation mixture without enzyme. Lane 2; plasmid DNA with
1 U of topo I enzyme (control). Lanes 3 –6; plasmid DNA with 1 U of topo I enzyme in the presence of compound 17 at concentrations 0.1, 1,
5 and 10 mg/mL, respectively. Lane 7; plasmid DNA with compound 17 at a concentration of 10 mg/mL without enzyme. Lane 8; plasmid DNA
with 1 U of topo I enzyme and a known DNA topoisomerase I inhibitor (camptothecin) at a concentration of 5 mg/mL. The relaxation assay in
a cell-free system was performed as described in methods.
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Figure 2. Electrophoregram showing the inhibitory effects of tested compound 6 and reference drug etoposide on eukaryotic DNA
topoisomerase II. Lane 1; supercoiled pBR322 plasmid DNA (0.3 mg) with incubation mixture without enzyme. Lane 2; plasmid DNA with
5 U of topo II enzyme (control). Lanes 3– 6; plasmid DNA with 5 U of topo II enzyme in the presence of compound 6 at concentrations 0.1, 1,
5 and 10 mg/mL, respectively. Lane 7; plasmid DNA with compound 6 at a concentration of 10 mg/mL without enzyme. Lane 8; plasmid DNA
with 5 U of topo II enzyme and a known DNA topoisomerase II inhibitor (etoposide) at a concentration of 10 mg/mL. The relaxation assay in a
cell-free system was performed as described in methods.

induce the formation of the topoisomerases-DNA
cleavable complex, a single thick band (nicked DNA
molecules) closest to the application point would be
obtained after the electrophoresis. A typical electrophoresis pattern is seen in Figure 1. On the other
hand, if the catalytic activities of topoisomerases were
inhibited by the test compounds and therefore all the
DNA molecules were in the supercoiled form, a faster
moving single band would be obtained (Figure 2).
The rate of formation of the newly formed bands
during the incubation period was used as a measure of
the enzyme activity. The enzyme was incubated with
four different concentrations (0.1, 1, 5, 10 mg/mL) of
the test compounds. Decreases in the percentage of the
activity compared with the activity obtained without
using any agents was taken as the inhibitory activity of
the tested compounds. Inhibitory activities of the
compounds were presented as micromolar concentrations that cause 50% inhibition per unit of enzyme
(IC50), under the assay conditions. From the plots
obtained with four different concentrations of the
drugs, IC50 values were obtained and the results are
the average of two to three estimations. If inhibition
was not obtained at any concentration of a tested
compound it was assumed to have no inhibitory
activity on eukaryotic DNA topoisomerase I and II.
The compounds were tested at a different range of
concentrations to define their inhibitory activity where
camptothecin and etoposide were used as the standard

drug for DNA topoisomerase I and DNA topoisomerase II, respectively, to compare their activities
(Table I). Amongst the tested set of 18 compounds
of 2,5-disubstituted-benzoxazole and benzimidazole
derivatives (see Table I), compounds 2, 3, 4, 12, and 18
were found to inhibit both DNA topoisomerase I and
II in a cell-free system using the relaxation assay.
Of these tested 18 compounds, 7 derivatives (2, 3, 4, 5,
10, 17, and 18) exhibited IC50 values in the
14.1–495 mM range for topoisomerase I inhibitory
activity and were considered as positive DNA topoisomerase I poisons, which were more active than the
reference drug camptothecin. 2-Phenoxymethylbenzimidazole (17) was the most potent DNA topoisomerase
I poison (IC50 value ¼ 14.1(mM) (Figure 1). Moreover, 5-amino-2-( p-flourophenyl)benzoxazole (3),
5-amino-2-( p-bromophenyl)benzoxazole (5), 5-nitro2-phenoxymethyl-benzimidazole (18), 2-( p-chlorobenzyl)benzoxazole (10), and 5-amino-2-phenylbenzoxazole (2) were found to be significant DNA
topoisomerase I inhibitors having IC50 values of 132.3,
134.1, 258, 443.5, and 495 mM, respectively.
On the other hand, Table I shows that compounds 4,
6, and 8 were significantly active as DNA topoisomerase II inhibitors having IC50 values 22.3, 17.4,
91.4 mM, respectively, showing more potency than
the reference drug etoposide. Compound 6, 2-(pnitrobenzyl)benzoxazole, was the most potent DNA
topoisomerase II inhibitor with IC50 ¼ 17.4 mM
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Table I. IC50 values against eukaryotic DNA topoisomerase I and II for the tested compounds and the reference drugs (mM)

.
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Comp. No:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Camptothecin
Etoposide

X
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R

R1

O
O
O
O
O
O
O
O
O
O
O
NH
NH
NH
NH
NH
NH
NH

–
–
–
–
–
CH2
CH2
CH2
CH2
CH2
CH2
CH2
C2H4
C2H4
CH2O
CH2O
CH2O
CH2O

H
NH2
NH2
Cl
NH2
H
Cl
NO2
Cl
H
NH2
CH3
CH3
Cl
Cl
Cl
H
NO2

NHCH3
H
F
CH3
Br
NO2
OCH3
NO2
Br
Cl
CH3
CH3
H
H
H
Cl
H
H

IC50 (mM) *

IC50 (mM) **

NE
495
132.3
1065
134.1
NE
NE
NE
NE
443.5
NE
1765
NE
NE
NE
NE
14.1
248
526
–

1130
580
487.8
22.3
NE
17.4
200
91.4
NE
NE
186.7
2300
1150.5
917.4
906.1
799
NE
2456
–
170

NE: Not effective; *IC50 values of tested compounds and the reference drug camptothecin as DNA topoisomerase I inhibitors; **IC50 values of
tested compounds and the reference drug etoposide as DNA topoisomerase II inhibitors.

(Figure 2), but shows no activity as a DNA
topoisomerase I poison.
The structure-activity relationships for these tested
compounds indicated that the benzoxazole ring was
more important than the benzimidazole ring for DNA
topoisomerase II inhibitory activity. In addition,
substitution with a nitro- or a methyl group at position
R1 enhanced the DNA topoisomerase II inhibitory
properties. It could be pointed out that no apparent
conclusion could be drawn concerning the preference
of the fused ring system for DNA topoisomerase I
poison activity when compared with the DNA
topoisomerase II inhibition in these tested compounds.
In conclusion, while compound 17 was found as a
significant inhibitor for DNA-topoisomerase I, compounds 4 and 6 showed a strong inhibition of DNAtopoisomerase II activity. Since DNA topoisomerases
are considered as important targets for cancer chemotherapy, the present findings may provide future
opportunities to design and develop new chemotherapeutic agents.
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