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Abstract: A series of symmetric bis-benzoxazole derivatives were synthesized using one-pot 
cyclization between 4-chloro substituted 2-aminophenol and suitable dicarboxylic acids. Synthesized 
compounds’ anticancer activities were tested by using MTT assay on human prostate (DU145) and 

breast (MCF7) cancer cells. Screening results revealed that all compounds possessed a high level 
anti-cancer potential by significantly decreasing the cell proliferation in prostate and breast cancer 
cell lines. Our compounds exerted their anti-proliferative effects in a dose and time dependent 
manner. Our results suggest that they can be highly potent since they were biologically active even 
at low concentrations. Our study presents a series of new bis-benzoxazole based compounds with 
potential therapeutic effects against tumor cells. Therefore, characterization of new generation bis-

benzoxazole derivatives will have a significant contribution on the development of new era anti-

cancer drug candidates.    
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INTRODUCTION  
 
Cancer is one of the leading causes of death 

globally (1). Under normal conditions there is 
a cell renewal and replacement homeostasis in 
the tissues (2-5). After losing some of the 
cells, tissue would make up its loss by 
stimulating cell division and growth (2-6). In 

case of tumor cells, they circumvent the 
checkpoints of cell division which is enabled by 

multiple genetic alterations (7-15). This 
situation leads to uncontrolled cell growth and 
outnumbering of non-tumorous tissue-
resident cells which eventually causes the loss 
of function in these affected tissues (7-18).  
 

As a treatment option, chemotherapy is widely 
used in the cancer patients (19-20). 

Chemotherapeutics pause or slow down the 
pace of the abnormal cell division or cause the 
death of the rapidly dividing tumor cells (21, 
22). These drugs have side effects that can 

exert its effect on healthy cells (23, 24). 
Severity of their side effects depends on the 
type and location of the cancer as well as the 
dosage used and patient’s overall health 
condition (23-25). The most crucial side effect 

of chemotherapeutics is on the fast dividing 
blood cells of the patient (23-25). These drugs 

decrease the blood cell counts of the patients 
taking the treatment (23-25). This decrease of 
the blood cells compromises the immune 
system of the patients and makes them prone 
to infections (23-25). In order to avoid the 
common side effects such as fatigue, pain, 

diarrhea, hair loss, vomiting and nausea, new 
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candidates of chemotherapeutics should be 

developed as alternatives (26, 27).  

 
Newly developed benzoxazole compounds are 
important fragments in medicinal chemistry 
because of their wide range of biological 
activities, including anticancer activities (28-
30). They serve as topoisomerase-I inhibitors 

(31) and have antibacterial (32), antifungal 
(33), antimicrobial (34), and antiviral 
activities (35).  
 
One of the main examples to benzoxazole 
based compounds is UK-1 (Bis-benzoxazole) 

(Figure 1) which has cytotoxic activity against 
a variety of tumorous cell types. In the quest 
of synthesizing more potent anticancer drugs, 
we designed and produced new bis-
benzoxazole derivatives with high yields. In 

our study, we are presenting screening results 
for their anticancer activity against human 

breast cancer cell line (MCF-7) and prostate 
cancer cell line (DU145). 
 

 

Figure 1. Molecular Structure of UK-1. 
 
MATERIALS AND METHODS  
 
Chemistry 

General: Each reaction was followed by thin 
layer chromatography (TLC). UV (ultraviolet) 
light (254 nm) was used in the determination 
of stains on ready-made TLC plates (Kieselgel 

60 F254, ready-to-use aluminum plate coated 
with 0.2 mm thickness). Flash column 

chromatography was performed with silica gel 
60 (Merck, 63–200 𝜇m particle size, 60–230 

mesh). (Solvent of the flash column 
chromatography: n-hexane/ethyl acetate 
80:20) 
 
1H NMR and 13C NMR spectra (Bruker 400 
spectrometer) and Fourier transform infrared 
(FT‐IR) spectra (Perkin Elmer Spectrum One 

FT-IR spectrometer) were used to elucidate 
the structures of the products. 
 
Materials: All reagents and solvents for 
synthesis and analysis were of analytical 
and/or spectroscopic A grade (Sigma-Aldrich 

and ACROS) and used without further 
purification. 
 
Synthesis: General Procedure for Synthesis of 
Bis-benzoxazole derivatives (Fig.2). Five 
mmol of the 4-chloro-2-aminophenol (1) and 

2.5 mmol of the corresponding dicarboxylic 
acid derivatives (2, and 3) are refluxed under 
a reflux condenser with a magnetic stirrer for 
a period of 13-15 hours after being dissolved 
in polyphosphoric acid (PPA) and heated in an 
oil-bath at 180 °C. The reactions were followed 
by TLC. After cooling, the reaction mixture was 

poured onto ice water and neutralized by 
mixing with 5N NaOH until being of slightly 
basic pH (8–9) to get the precipitate. The 
resulting precipitate was filtered off and 
washed with cold water. Then compounds 

purified by flash column chromatography 
finally crystallized with a suitable solvent. The 

resulting crystalline compounds were filtered 
and the vacuumed product was dried. 
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Figure 2. General synthesis method of the compounds. 

 
1,3-bis(5-chlorobenzo[d]oxazol-2-yl)propane 
RHE-231: The above procedure was followed 
with 1 and 2 to yield RHE-231 as a white 
crystalline solid (47% yield). The 
crystallization solvent was ethanol-water (with 

the ratio of 1/1). Rf (n-hexane:ethyl acetate 
1:1)= 0,48; mp= 200 °C; IR (KBr, cm-1) Vmax 
3065, 1567, 1447, 800, 753, 701. ; 1H NMR 

(400 MHz, CDCl3) δ =7.52 (d, J=1.99 Hz, 2H, 
Ar-H), 7.32-7.29 (m, 1H, Ar-H), 7.20 (dd, 
J=1.99 Hz, J=8.25 Hz, 3H, Ar-H), 3.05 (t, 
J=7.28 Hz, 4H, -CH2), 2.43 (p, J=2.48 Hz, 2H, 

-CH2). 13C NMR (100 MHz, CDCl3) δ=167.3, 
149.4, 142.4, 129.8, 125.0, 119.7, 111.0, 
27.8, 23.4. 
 
1,3-bis((5-chlorobenzo[d]oxazol-2-
yl)methyl)sulfane RHE-241: The above 

procedure was followed with 1 and 3 to yield 
RHE-241 as a beige crystalline solid (45% 
yield). The crystallization solvent was ethanol-
water (with the ratio of 1/1). Rf (n-
hexane:ethyl acetate 1:1)= 0,64 ; mp= 197 
°C; FT-IR (cm-1) Vmax 2979, 2923, 1560, 
1447,1332, 812, 703. ; 1H NMR (400 MHz, 

CDCl3) δ = 7.30-7.26 (m, 2H, Ar-H), 7.21 (dd, 
J=2.58 Hz, J=8.69 Hz, 2H, Ar-H), 6.98 (td, 
J=2.58 Hz, J=8.69 Hz, 2H, Ar-H), 4.03 (s, 4H, 
-CH2). 13C NMR (100 MHz, CDCl3) δ=164.6, 
161.2, 158.8, 147.4, 142.0, 141.9, 113.1, 
112.8, 110.9, 110.8, 106.6, 106.4, 28.5. 
 

Biological studies  
In this study, breast cancer cell line MCF-7, 
prostate cancer cell line DU-145 and fibroblast 
cell line L929 were purchased from ATCC. The 
chemicals used in the study were bis-
benzoxazole based RHE 231 and 241 coded 

compounds. 
 
Reagents and Chemicals: RHE231 and 
RHE241; 2 mg of RHE231 and RHE241 were 

dissolved in 1000 µL (1mL) of sterile dimethyl 
sulfoxide (DMSO).  
 

Cell Culture: In this study the following cell 
lines were used: Fibroblast cell line; L929 from 
ATCC, breast cancer cell line; MCF7 from 
ATCC, and prostate cancer cell line; DU145 
from ATCC. Cells were cultured in tissue 
culture plates with Roswell Park Memorial 
Institute media (RPMI 1640) media with %10 

fetal bovine serum, %1 antibiotics (100 μg/mL 
penicillin and 100 μg/mL streptomycin), and 
sodium pyruvate. Cultures were incubated at 
37 °C in an atmosphere of 95% air and 5% 
CO2. 

 
Cell Plating: Adherent cells from confluent 
cultures were detached, after they grew 

completely to reach the number of 10 x 106 

cells/plate in 10 mL of RPMI-based complete 
culture medium as specified above. Cell 
counting was done by using Trypan Blue dye 

which stains the dead cells with dark blue 
color. The dye cannot penerate through living 
cells therefore we could differentiate between 
living and dead cells and have a reliable living 
cell number for the plating.  
 

100 µL of 10 x 106 cells/mL were seeded in 
individual wells of 96 well tissue culture 
treated plates and allowed to adhere to the 
surface by overnight incubation at 37 °C and 
5% CO2 before adding the reagents. 
50 μg/mL, 75 μg/mL, and 100 μg/mL of 

reagent were added into appropriate wells. 

Afterwards the samples were incubated at 37 
°C and 5% CO2 humidified incubator for 
different three time-points; 24h, 48h, and 
72h. 
 
Cytotoxicity Evaluations: MTT assay: Cell 

viability was evaluated by using MTT assay. 
This assay is based on the ability of viable cells 
to metabolize yellow tetrazolium salt MTT to 
purple formazan crystals by mitochondrial 
dehydrogenases and spectrophotometric 
measurement of the product at 570 nm.  

 
Briefly, cells were seeded at a density of 1x105 
per well in 96-well plates; subsequently, after 
overnight incubation, they were treated with 
various concentrations (50  μg/mL, 75  μg/mL, 

100  μg/mL) of RHE 231 & RHE 241. Cells were 

put back to 37 °C 5% CO2 incubator for 24 
hours, 48 hours, and 72 hours of incubation. 
The untreated or DMSO treated well was 
considered as a negative control, and all 
samples were prepared in triplicates. 
 
After 24 h, 48 h, and 72 h of incubation, 10 μL 

of MTT reagent was added into each well and 
samples were further incubated for 4 h at 37 
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°C, 5% CO2. As a last step, 100 μL of 

detergent reagent was added into each well. 

Cytotoxic effects were monitored by 
measuring the absorbance values of each well 
at 570 nm. 

 
Statistical Analysis: In order to determine the 

% cell viability average absorbance value of 
the reference blank sample was subtracted 
from each sample’s average absorbance. The 
equation used for the calculations is given 
below and further plotting as well as statistical 
analysis were performed by GraphPad Prism 

Software version 5. For each condition there 
were nine independent data points and 

unpaired two tail t-test was done to draw the 

statistical significance. 

 

% Viability =  
𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒−𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒
 

x 100 
 
RESULTS AND DISCUSSION  
 

Cell viability analysis indicated that both of the 
compounds, RHE231 and RHE241, were 
effective as anti-proliferative agents on DU145 
prostate cancer cells, MCF7 breast cancer 
cells, and L929 fibroblast cells.  
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Figure 3: Dose-dependent effect of RHE231 and RHE241 on DU145 cell lines for 24h, 48h, and 

72h incubation, respectively. 
 
MTT assay was done to asses cell viability. The 
t test was applied for statistical analysis, 
p<0.0001 N=9.  

 
The proliferation rate of prostate cancer cells 
(DU145) was negatively affected by RHE231 
and RHE241, at all time points and at all 
concentrations compared to the untreated 
control wells which had 100% cell viability. 
There was a substantial decrease in RHE 231 

and 241 treated prostate cancer cells’ percent 
viability compared to the untreated control 
wells. This difference was statistically 

significant. Dose dependent anti-proliferative 
effect of our reagents was more obvious at 24 
hour time point but at later time points even 
the lowest dose (50 µg/mL) of both of the 
reagents was almost as effective as the 
highest one (100 µg/mL) (Figure 3).   
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Figure 4: Dose-dependent effect of chemicals, including RHE 231 and RHE 241 on MFC7 cell lines 

for 24h, 48h, and 72h incubation, respectively. 
 
MTT assay was performed to assess cell 

viability. The t test was applied for statistical 
analysis, p<0.0001 N=9. 

 

We obtained similar results when we tested 
the effect of RHE 231 and RHE 241 on the 
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breast cancer cells (MCF7) as those of the 

prostate cancer cells (DU145). When we took 

the untreated cells as reference point there 
was a substantial and significant decrease in 
the level of cell proliferation in RHE 231 and 
RHE 241 treated cells. We observed a dose 
dependent effect since at higher 
concentrations of used chemicals there was 

more substantial decrease in the percent cell 
viability compared to the wells treated with the 

lower concentrations of the chemicals (Figure 

4). RHE 231 and 241 exerted their effect in a 

time dependent fashion on DU145 cells 
whereas on MCF7 cells, the anti-proliferative 
effect was fully shown even at the 24 hour 
time point since at 48 and 72 hour time points 
the observed anti-proliferative effect was 
similar to that of 24 hour time point (Figures 3 

and 4). 
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Figure 5: Dose-dependent effect of chemicals, including RHE 231 and RHE 241 on L929 cell lines 

for 24 h, 48 h, and 72 h incubation, respectively.  
 

MTT assay was performed to assess cell 

viability. The t test was applied for statistical 
analysis, p<0.0001 N=9. 
 
In order to test the possible cytotoxic side 
effects of our compounds we tested their anti-
proliferative effect on the mouse fibroblast 
cells L929. Our chemicals exerted anti-

proliferative activity on fibroblast cells in a 

time and dose dependent manner as well 
(Figure 5). There was a significant decrease in 
the cell viability of treated fibroblasts 
compared to the untreated control wells. When 
we compared the results to those of breast 

cancer (MCF7) and prostate cancer (DU145) 
cells, fibroblasts (L929) had higher cell 
viability at all time points especially at lower 
dosages (Figure 5). This implies that our 
reagents would show less cytotoxic effect on 
normal cell types compared to the breast and 
prostate cancer cells. Especially, lower doses 

of RHE 231 and 241 can be effectively used 
against breast and prostate cancer since event 
at 50 µg/mL concentration our reagents had 
highly potent anti-proliferative activity on 
these cancer cells whereas they did not cause 

as substantial of a decrease in the viability of 
the fibroblasts (Figures 3-5). In the presence 

of our chemicals, fibroblasts had higher cell 
viability, compared to those of prostate and 
breast cancer cells.  
 
DISCUSSION 
 

Chemotherapy stands as the most viable 
option in the current medicinal approaches 

against the cancer (19-22). These drugs 

target the fast-dividing cells in the body (21, 
22). Tumor cells fall into this category due to 
their higher proliferation rate compared to the 
normal cells (7-15, 19-22). One major 
problem with this treatment is the side effects 
associated with it (23, 24). Normal cell types 
with high proliferation and cell division rates 

such as endothelial cells of the intestines, hair 

and blood cells are severely affected by the 
treatment (23-25). The severity of the side 
effects depends on the patient’s genetic 
background as well as the type of the cancer 
and chemotherapeutics used (23-25).  

 
In order to circumvent these side effects, 
there is an urgent need of design and 
synthesis of new drug candidates and of their 
testing on the cancer cells (26, 27). In our 
study, we focused on two cancer types that 
have one of the highest incidence rates among 

men (prostate cancer) and women (breast 
cancer). Anti-proliferative activity of some 
other bis-benzoxazole derivatives have been 
shown by previous studies (36, 37). In our 
study we designed two new bis-benzoxazole 

derivatives and further examined their effect 
on the prostate (DU145) and breast (MCF7) 

cancer cells. 
Our study supports that RHE231 and RHE241 
have anti-proliferative effect on breast cancer 
and prostate cancer cells in a time and dose 
dependent fashion. Both of the reagents 
caused a significant decrease in cell viability 

compared to the untreated control wells. MCF7 
cells were affected more by the treatment 
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compared to the DU 145 cells. But at later time 

points 48 and 72 hours, our reagents showed 

their strong anti-proliferative effect on the 
prostate cancer cells as well.  
 
In order to test the cytotoxic activity of our 
reagents on normal cells we used fibroblast 
cells (L929). Our compounds caused a 

significant decrease in the cell viability of 
fibroblasts compared to the untreated cells, 
but this decrease was not as substantial as 
those of treated breast and prostate cancer 
cells at all time points. Especially the lowest 
concentrations of the chemicals would be 

effective chemotherapeutics since while they 
would have high potency against breast and 
prostate cancer cells during the treatment; 
they would not affect the normal cell types like 
fibroblasts of the tissues as substantially. This 

would enable an efficient anti-proliferative 
effect on the tumor cells while sparing 

majority of the normal cells in the tissue so 
that those cells can heal the tissue aftermath 
of the treatment.   
 
CONCLUSION  
 
Our results support anti-proliferative, 

therefore anti-cancer, activities of bis-
benzoxazole derivatives RHE 231 and RHE 
241. In our future studies we will be focusing 
more on the molecular mechanism of our 
compounds action on the cancer cells as well 
as normal cell types. Possible hit points include 

oncogenes such as p53, Ras and Notch 
pathways.   
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