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ABSTRACT

In this study, new chalcone compounds having the chemical structure of 6-(3-aryl-2-propenoyl)-2(3H)-ben-
zoxazolones (1-8) were synthesised and were characterised by 'H-NMR, '*C-NMR, and HRMS spectra.
Cytotoxic and carbonic anhydrase (CA) inhibitory effects of the compounds were investigated. Cytotoxicity
results pointed out that compound 4, 6-[3-(4-trifluoromethylphenyl)-2-propenoyl]-3H-benzoxazol-2-one,
showed the highest cytotoxicity (CCso) and potency-selectivity expression (PSE) value, and thus can be
considered as a lead compound of this study. According to the CA inhibitory results, 1Cso values of the
compounds 1-8 towards hCA | were in the range of 29.74-69.57 uM, while they were in the range of
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18.14 - 48.46 M towards hCA Il isoenzyme. K; values of the compounds 1-8 towards hCA | were in the
range of 28.37 +6.63-70.58 + 6.67 M towards hCA | isoenzyme and they were in the range of 10.85+2.14

- 37.96 +2.36 pM towards hCA Il isoenzyme.

Introduction

Cancer is the second cause of death in the world after the cardio-
vascular system diseases. According to The World Health
Organisation (WHO) report, 13.1 million people will die because of
cancer by 2030'. Anticancer drugs in clinics have several adverse
effects such as nausea, vomiting, hair loss, and pain, in addition to
low selectivity and drug resistance problems®. Their associated
limitations and adverse effects are still prompting the researchers
to develop more potent, selective, and safer anticancer drug can-
didates. Chemotherapeutic drugs commonly used for cancer treat-
ment in clinics are alkylating anticancer agents. These compounds
interact with amino and hydroxyl groups which are available
nucleic acids and proteins and lead to unwanted side effects in
other tissues except neoplasms>.

o,f-unsaturated ketones are bioactive moieties having alkyl-
ation ability. They have an affinity for thiols*> while they are
either inert or far less reactive towards amino and hydroxyl
groups which are available nucleic acids®’. It was reported that
before the cell division, level of glutathione, which is a thiol com-
pound, increases®. That is why it can be supposed that com-
pounds which are thiol selective alkylators may perform selective
toxicity against tumour tissues”'' and these types of compounds
may have advantages over available anticancer drugs in the
market.

Chalcones are 1,3-diaryl-2-propen-1-ones, which consist of two
aromatic rings connected by a three-carbons chain including
a,f-unsaturated carbonyl system'2. Depending on substitution on
the aryl ring, chalcones have a wide range of biological activities

such as antiinflammatory'®', antimicrobial'>'®, antioxidant'’,

cytotoxic/anticancer'®'®, chemopreventive’, topoisomerase inhib-
iting?, carbonic anhydrase (CA) inhibiting®'**> and acetylcholine
esterase inhibiting activities?.

Benzoxazolones are considered as “privileged scaffolds” in the
design of pharmacological probes®*. Benzoxazolones have high
flexibility for chemical modifications allowing changes to the char-
acteristics of side-chains on a rigid platform?>. As a result, benzox-
azolones exhibit various biological activities such as anti-HIVZ®,
anticancer”’?®, analgesic?®, antiinflammatory®®, antimicrobial®',
and antioxidant®® activities. The functionalisation of the nitrogen
atom at the third position of the benzoxazolone moiety is of inter-
est since the electronic characteristics of this atom can be decisive
for the biological activity**.

Some chalcones bearing 2(3H)-benzoxazolone were reported
with strong cytotoxic activity>*>*. However, there is a very limited
number of studies about them. One of them is Ivanova and co-
workers’ study. They reported antileukemic effects of benzoxazo-
lone derived chalcones on BV-173 cell-line by inducing apoptotic
cell death®3. The fact that these compounds showed selective and
strong anticancer activity pointed out the importance of benzoxa-
zolone bearing chalcone molecules in designing new anticancer
candidate molecules.

CA is a metalloenzyme that catalyses the interconversion
between CO, and bicarbonate. CAs play an important role in
many physiological and pathological processes such as biosyn-
thetic reactions (such as gluconeogenesis, lipogenesis, and urea-
genesis), respiration and transport of CO,/bicarbonate, electrolyte
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secretion in calcification, and
tumorigenicity

There are eight CA families which are genetically different such
as the o-, f-, 7~ 0- (- - 0-, and the recently reported i-CAs®’.
o-CAs are available in human and it has 15 subtypes. Three of
them (CA VIII, X, and XI) are non-catalytic as do not possess a zinc
ion in their active site. The other 12 CA isozymes have differences
in terms of catalytic activity, location, and cell distributions.
According to the location, these are cytosolic isozymes (CA |, II, Il
VIl, and Xlll), membrane-bounded isozymes (CA IV, IX, XIl, and
XIV), secreted salivary isozyme (CA VI), and mitochondrial isozyme
(CA V)38—40'

Activation or inhibition of several CAs is a potential strategy
for diagnosis and/or treatment of several diseases such as glau-
coma, epilepsy, several neurological diseases, and obesity.
Antiglaucomal agents (CA II, IV, and XlI), diuretics (CA I, IV, XII,
and XIV), antiepileptics (CA VII, and XIV) inhibit several isoenzymes
of CA. Some chalcone compounds have been reported as attract-
ive scaffolds for the development of new CA inhibitors®'*'.

CA inhibitors commonly include sulfonamide®**** or phe-
nol®>*>41 functional group. However, there are several studies
reporting that chalcone compounds without these functional
groups showed potent CA inhibiting effect***¢. In addition, there
was no study about CA inhibiting potency of benzoxazolone or its
chalcone derivatives.

In this study, it was aimed to synthesise some chalcone com-
pounds having the chemical structure of 6-(3-aryl-2-propenoyl)-
2(3H)-benzoxazolones (1-8) in which o,f-unsaturated ketone
moiety is available to evaluate their cytotoxicity (towards both
tumour cell lines and non-tumour cells) and inhibition profile
towards CA hCAl and Il with the expectation to find out a new
candidate molecule/s which may direct further designs.

a variety of tissues/organs,
35,36

Experimental
Chemistry

The nuclear magnetic resonance (NMR) spectra ('H-NMR, and '3C-
NMR) were recorded on a Bruker AVANCE Il 400 MHz (Bruker,
Karlsruhe, Germany) spectrometer [400MHz ('H) and 100 MHz
(**Q)]. Chemical shifts are given as & values in ppm against tetra-
methylsilane as the internal standard and J values were expressed
in Hz. Mass spectra of the compounds were taken using a liquid
chromatography ion trap-time of flight tandem mass spectrometer
(Shimadzu, Kyoto, Japan) equipped with an electrospray ionisation
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(ESI) source, operating in both positive and negative ionisation
mode. Shimadzu’s LCMS Solution software was used for data ana-
lysis. Melting points were determined using an Electrothermal
9100 instrument (IA9100, Bibby Scientific Limited, Staffordshire,
UK) and are uncorrected. Reactions were monitored by thin-layer
chromatography (TLC) using silica gel 60 HF254 (Merck KGaA,
Darmstadt, Germany).

Synthesis of 6-acetyl-2(3H)-benzoxazolone

Dimethylformamide (13 ml, 1772 mmol) was slowly added on alumi-
num chloride (80g, 600 mmol). The mixture was heated at 45°C
for 5min. 2(3H)-benzoxazolone (8.1g, 60 mmol) and acetyl chlor-
ide (6,4ml, 90 mmol) were added into the solution of aluminum
chloride (Scheme 1). Then the reaction mixture was heated at
80°C for 3h and poured on ice water (200 ml) with HCI (30ml,
37%). The precipitated crude product was collected by filtration
and it was air-dried and crystallised from ethanol. (Yield: 77%,
m.p: 231-234°C, brown crystals)?’.

Synthesis of chalcone compounds 1, 2, 3, 4, and 6

To the mixture of 6-acetyl-2(3H)-benzoxazolone (ketone, 5.6 mmol)
and a suitable aldehyde [benzahdehyde (1), 4-methylbenzalde-
hyde (2), 4-methoxybenzaldehyde (3), 4-trifluorobenzaldehyde (4),
4-isopropylbenzaldehyde (6)] in ethanol (5ml) in 1:1mol ratios,
aqueous solution of KOH (10%, 5ml) was added (Scheme 1).
Reaction content was stirred at room temperature for 24h.
Reactions were followed by TLC. When the reaction finished, the
content of the reaction flask was poured on ice-water (100 ml)
and neutralised by HCl (37%). The precipitated solid product was
filtered and washed with cold water?”. The crude compounds
were purified by crystallisation from a suitable solvent
(Acetonitrile: ethanol for compounds 1-4; acetonitrile: methanol
for compound 6)*".

6-(3-Phenyl-2-propenoyl)-3H-benzoxazol-2-one (1)

Yield 77%. Mp: 230-232°C. TH-NMR (DMSO-dg) 6 (ppm) 12.03(bs,
1H, NH), 8.11(d, 1H, arom. H, J=1.2Hz), 8.07(dd,1H, arom. H,
J;=8.2Hz, J,=1.6Hz), 7.99(d,TH, Ar-CH=, J=15.5Hz),
7.89-7.91(m, 2H, arom. H), 7.74(d, 1H, =CHCO, J=15.5Hz), 7.47(d,
1H, arom. H, J=1.2Hz), 7.45(d, 2H, arom. H, J=2.5Hz), 7.24(d, 1H,
arom. H, J=82Hz). *C-NMR (DMSO-d¢) & (ppm) 187.8, 154.9,

0
0 (o) o
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3 H ”
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Scheme 1. Synthesis of the compounds 1-8. Ar: Phenyl (1); 4-methylphenyl (2); 4-Methoxyphenyl (3); 4-trifluoromethylphenyl (4); 3-hyrdoxyphenyl (5); 4-isopropyl-

phenyl (6); 4-dimethylaminophenyl (7); 4-benzyloxyphenyl (8).
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144.2, 1439, 135.5, 135.2, 132.3, 131.0, 129.38, 129.37, 129.36,
126.2, 1223, 110.0. HRMS (ESI-MS) m/z calculated [M+H]"
266.0812; measured 266.0803.

6-[3-(4-Metyhlphenyl)-2-propenoyl]-3H-benzoxazol-2-one (2)

Yield 83%. Mp: 258-260°C. TH-NMR (DMSO-dg) & (ppm) 8.08 (d,
1H, arom. H, J=1.5Hz), 8.05 (dd,1H, arom. H, J;= 8.1Hz, J, =
1.5Hz), 7.93 (d, 1H, Ar-CH=, J=15.5Hz), 7.79 (d, 2H, arom. H,
J=8.0Hz), 7.70 (d, 1H, =CHCO, J=15.5Hz), 7.27 (d, 2H, arom. H,
J=8.0Hz), 7.22 (d, 1H, arom. H, J=8.1Hz), 2.35 (s, 3H, CH3). *C-
NMR (DMSO-dg) 6 (ppm) 187.7, 155.2, 144.2, 144.0, 141.1, 135.9,
132.5, 132.3, 129.98, 129.97, 129.42, 129.41, 126.1, 121.2, 110.0,
109.8, 21,6. HRMS (ESI-MS) m/z calculated [M-+H]™ 280.0968;
measured 280.0967.

6-[3-(4-Methoxyphenyl)-2-propenoyl]-3H-benzoxazol-2-one (3)
Yield 58%. Mp: 210-213°C. TH-NMR (DMSO-dg) J (ppm) 8.08 (d,
1H, arom. H, J=14Hz), 804 (dd, 1H, arom. H, J;=82Hz
J,=1.4Hz), 7.86 (d, 2H, arom. H, J/=8.8Hz), 7.84 (d, 1H, Ar-CH =,
J=15.5Hz), 7.71 (d, 1H, =CHCO, J=15.5Hz), 7.22 (d,TH, arom. H,
J=82Hz), 7.01 (d,2H, arom. H, J=8.8Hz), 3.82 (s, 3H, =OCHj5).
3C-NMR (DMSO-dg) & (ppm) 187.6, 161.8, 155.0, 144.2, 143.9,
135.3, 132.6, 131.3, 127.9, 126.0, 119.7, 114.8, 110.0, 109.9, 55.9.
HRMS (ESI-MS) m/z calculated [M+H]T 296.0917; measured
296.0918.

6-[3-(4-Trifluoromethylphenyl)-2-propenoyl]-3H-benzoxazol-2-

one (4)

Yield 80%. Mp: 257-259°C. TH-NMR (DMSO-de) 6 (ppm) 7.24 (d,
1H, arom. H, J=8.2Hz), 7.78 (d,1H, =CHCO, J=15.7Hz), 7.80 (d,
2H, arom. H, J=8.2Hz), 8.06 (d, 1H, arom. H, J=1.6Hz), 8.09 (d,
1H, Ar-CH =, J=15.7Hz), 8.12-8.14 (m, 3H, arom. H). *C-NMR
(DMSO-dg) 0 (ppm) 187.7, 154.9, 143.9, 142.2, 139.2, 135.7, 131.9,
130.5, 129.9, 126.2, 124.9, 122.7, 119.1, 110.1. HRMS (ESI-MS) m/z
calculated [M + H] " 334.0686; measured 334.0687.

6-[3-(4-Isopropylphenyl)-2-propenoyl]-3H-benzoxazol-2-one (6)
Yield 33%. Mp: 220-222°C. TH-NMR (DMSO-d¢) 6 (ppm) 12.08 (bs,
1H, NH), 8.10 (d, 1H, arom. H, J=1.4Hz), 8.06 (dd, TH, arom. H,
J1=82Hz, J,=1.4Hz), 7.93 (d, 1H, Ar-CH=, J=15.5Hz), 7.82 (d, 2H,
arom. H, J=8.2Hz), 7.72 (1H, d, =CHCO, J=15.5Hz) 7.34 (d, 2H,
arom. H, J=8.2Hz), 7.24 (d, 1H, arom. H, J=8.2Hz), 2.98-2.89 (m,
TH,CH), 1.22 (d, 6H, CH;, J=6.9Hz). ">*C-NMR (DMSO-dg) 6 (ppm)
187.8, 154.9, 151.9, 1443, 1439, 1353, 1329, 1324, 129.55,
129.54, 127.35, 126.12, 121.3, 110.0, 33.9, 24.1. HRMS (ESI-MS) m/z
calculated [M + H]" 308.1281; measured 308.1286.

Synthesis of the compounds 5, 7, and 8

To the mixture of 6-acetyl-2(3H)-benzoxazolone (ketone, 5.6 mmol)
and a suitable aldehyde [3-hydroxybenzaldehyde (5), 4-dimethyla-
minobenzaldehyde (7), 4-benzyloxybenzaldehyde (8)] in 1:1 mol
ratios in ethanol (2 ml), aqueous solution of KOH (10%, 2 ml) was
added. Then the mixture was irradiated by microwave (50-80°C,
25-60W) for 15min (compound 7), 20 min (compound 8) and
30min (compound 5). Reactions were followed by TLC. When the
reaction finished, the content of the reaction flask was poured on
ice-water (100ml) and neutralised by HClI (37%). The solid

precipitated was filtered and washed with cold water. The crude
compounds were purified by crystallisation from acetonitrile.

The chemical structures of the compounds were confirmed by
'H-NMR, *C-NMR, and HRMS.

6-[3-(3-Hydroxyphenyl)-2-propenoyl]-3H-benzoxazol-2-one (5)

Yield 44%. Mp: 277-279 °C. TH-NMR (DMSO-dg) J (ppm) 12.10 (bs,
1H, NH), 9.61(s, 1H, OH), 8.08 (d, 1H, arom. H, J=1.5Hz), 8.03 (dd,
1H, arom. H, J;=84Hz, J,=15Hz), 786 (d, 1H, Ar-CH =
J=15.4Hz), 7.62 (d, 1TH, =CHCO, J=15.4Hz), 731 (d, 1H, arom. H,
J=7.7Hz), 7.24 (d, 1H, arom. H, J=7.7Hz), 7.21 (d, 2H, arom. H,
J=8.05Hz), 6.85 (dd, 1H, arom. H, J;=8.05Hz, J,=1.5Hz). *C-
NMR (DMSO-dg) 6 (ppm) 188.1, 158.4, 155.2, 144.7, 144.2, 136.7,
135.6, 132.6, 130.5, 126.4, 120.6, 118.4, 116.0, 110.2. HRMS (ESI-MS)
m/z calculated [M + H]" 282.0761; measured 282.0746.

6-[3-(4-Dimethylaminophenyl)-2-propenoyl]-3H-benzoxazol-2-

one (7)

Yield 48%. Mp: 248-250°C. 1H-NMR (DMSO-dg) & (ppm) 12.02
(1H, bs, NH), 8.00 (d,1H, arom. H, J=8.3Hz), 7.85 (d, 1H, Ar-CH =,
J=10.4Hz), 7.70 (d,2H, arom. H, J=89Hz), 7.67 (d, 1H, =CHCO,
J=10.4Hz), 7.66 (s,1H, arom. H), 7.19 (d, 1H, arom. H, J=8.3Hz),
6.73 (d, 2H, arom. H, J=89Hz), 299 (s, 6H, CH;). "*C-NMR
(DMSO-dg) o0 (ppm) 187.0, 155.2, 152.7, 145.7, 144.1, 135.1, 133.3,
131.5, 125.9, 122.8, 116.4, 112.4, 110.1, 110.0, 40.6. HRMS (ESI-MS)
m/z calculated [M + H]" 309.1234; measured 309.1230.

6-[3-(4-Benzyloxyphenyl)-2-propenoyl]-3H-benzoxazol-2-one (8)
Yield 63%. Mp: 243-245°C. TH-NMR (DMSO-dg) & (ppm) 8.07 (s,
1H, arom. H), 8.03 (dd, 1H, arom. H, J;=8.2Hz, J,=13Hz),
7.87-7.82 (m, 3H, arom. H), 7.69 (d, 1H, arom. H, J=15.4Hz),
7.46-7.30 (m, 4H, arom. H), 7.20 (d, 2H, arom. H, J=8.4Hz), 7.08
(d, 2H, arom. H, J=8.8Hz), 5.20 (s, 2H, CH,). '*C-NMR (DMSO-dg) ¢
(ppm) 187.8, 161.1, 155.3, 144.4, 144.2, 137.4, 135.6, 132.7, 131.5,
129.2, 128.6, 128.5, 128.3, 126.2, 120.0, 115.9, 110.2, 110.1, 70.1.
HRMS (ESI-MS) m/z calculated [M+H]™ 372.1230; measured
372.1218.

Biological activity
Cytotoxicity test

Materials

The following chemicals and reagents were obtained from the
indicated companies: Dulbecco’s modified Eagle’'s medium
(DMEM) from GIBCO BRL (Grand Island, NY); foetal bovine serum
(FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), doxorubicin (DXR), and dimethyl sulphoxide (DMSO) from
Wako Pure Chem. Ind. (Osaka, Japan); and culture plastic dishes
and plates (96-well) were purchased from Becton Dickinson
(Franklin Lakes, NJ).

Cell culture

Human normal oral mesenchymal cells, gingival fibroblast (HGF),
and periodontal ligament fibroblast (HPLF) established from the
first premolar tooth extracted from the lower jaw of a 12-year-old
girl*” and human OSCC cell line HSC-2 (derived from tongue), pur-
chased from Riken Cell Bank (Tsukuba, Japan), were cultured at
37°C in DMEM supplemented with 10% heat-inactivated FBS, 100
units/ml penicillin G, and 100 pg/ml streptomycin sulphate under



a humidified 5% CO, atmosphere. HGF and HPLF cells at 10-18
population doubling levels were used in this study.

Assay for cytotoxic activity

Cells were inoculated at 2.5 x 10% cells/0.1 ml in a 96-microwell
plate (Becton Dickinson Labware, Franklin Lakes, NJ). After 48h,
the medium was replaced with 0.1 ml of fresh medium containing
different concentrations of single test compounds. Cells were incu-
bated further for 48h and the relative viable cell number was
then determined by the MTT method®>*®=>* All benzoxazolone
derivatives were dissolved with DMSO at the concentration of
40mM and stored until use. Control cells were treated with the
same amounts of DMSO (0.00156, 0.03125, 0.0625, 0.125, 0.25, 0.5,
and 1.0%) and the cell damage induced by DMSO was subtracted
from that induced by test agents. In brief, cells were stained with
MTT reagent, dissolved with DMSO, and the absorbance of the
MTT-stained cell lysate was measured at 560 nm, using a micro-
plate reader (Infinite F 50R, TECAN, Kawasaki, Japan). Control cells
were treated with the same amounts of DMSO and the cell dam-
age induced by DMSO was subtracted from that induced by test
agents. The concentration of compound that reduced the viable
cell number by 50% (CCsy) was determined from the dose-
response curve and the mean value of CCs, for each cell type was
calculated from triplicate assays.

Calculation of tumour specificity

Tumour specificity (TS) was calculated using the following equa-
tion: TS=Mean CCs, against three normal oral cell types (HGF,
HPLF)/Mean CCso against four OSCC cell lines (HSC-2). Since HGF
cells were derived from gingival tissue, the relative sensitivity of
these cells was also compared (as mean CCso against HGF/mean
CCso against HSC-2).

Calculation of potency-selectivity expression

Potency-selectivity expression (PSE) was calculated by the follow-
ing equation: PSE =Mean CCs, against two normal oral cell types/
(CCsp against four OSCC cell lines)?x 100 (HGF, HPLF, HSC-2) and
as mean CCsq against HGF/(CCsy against HSC-2)?x 100 using the
pair of cell types from the same tissue (gingiva).

Carbonic anhydrase inhibition

The purification of cytosolic CA isoenzymes (CA | and CA Il) was
previously described with a simple one-step method by a
Sepharose-4B-L  tyrosine-sulphanilamide  affinity = chromatog-
raphy*>>>>>=8 The protein quantity in the column effluents was
determined spectrophotometrically at 280 nm. Sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was
applied with a Bio-Rad Mini Gel system Mini-PROTEIN system (Bio-
Rad Laboratories, Inc., Shanghai, China) after purification of both
CA isoenzymes. Briefly, it was performed in acrylamide for the run-
ning (10%) and the stacking gel (3%) contained SDS (0.1%),
respectively. The increase in absorbance of the reaction medium
was spectrophotometrically recorded at 348 nm. Also, the quantity
of protein was determined at 595 nm according to the method as
described previously®> . Bovine serum albumin was used as a
standard protein. The ICso values were obtained from activity (%)
versus compounds plots. For the calculation of K; values, three dif-
ferent concentrations were used. The Lineweaver-Burk curves
were drawn and calculations were realised as before®°,

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 1725

Results and discussion
Chemistry

The compounds 1-8, 6-(3-aryl-2-propenoyl)-2(3H)-benzoxazolones,
were synthesised successfully according to Scheme 1. Aryl part
was changed as phenyl (1), 4-methylphenyl (2), 4-methoxyphenyl
(3), 4-trifluoromethylphenyl (4), 3-hydroxyphenyl (5), 4-isopropyl-
phenyl (6), 4-dimethylaminophenyl (7), and 4-benzyloxyphenyl (8).
The compounds except 1, 3, 5 were reported for the first time in
this study.

As indicated in Scheme 1, 6-acetyl-2(3H)-benzoxazolone was
synthesised by Friedel-Crafts acylation first. The product was
obtained in good yield and purity. Since direct acylation of 2(3H)-
benzoxazolone is regioselective and always leads to a 6-acyl
derivative®,

The chalcones 1-4, and 6 were synthesised by the conven-
tional synthesis method using Claisen-Schmidt condensation reac-
tion between 6-acetyl-2(3H)-benzoxazolone and suitable aldehyde
as shown in Scheme 1. On the other hand, chalcones 5, 6, 7, and
8 were synthesised by microwave irradiation method.

The structures of the compounds were confirmed by "H-NMR,
13C-NMR, and HRMS. In particular, analysis of 'H-NMR spectra of
the compounds 1-8 revealed that all compounds (except com-
pound 7) were both geometrically pure and were configured
trans, as derived from coupling constant J: 15.4-15.7 Hz for vinyl
protons, observed at 7.60-8.09 ppm. The compound 7 was config-
ured cis with coupling constant J: 10.4Hz for vinyl protons. The
aromatic ring protons were observed at the area of 7.0-8.0 ppm,
as expected. The "*C-NMR spectra of all compounds, carbons of
carbonyl groups were appeared about 187 ppm, as expected.
HRMS results were also confirmed the chemical structures of the
compounds.

Although all the spectral results were presented in the experi-
mental section, the details of "H-NMR spectra of compound 2 are
given in Figure 1 as an example.

Cytotoxic/anticancer activity

The cytotoxicities of the synthesised compounds, 1-8, have been
investigated in vitro against oral squamous cancer cell line (HSC-2)
and human normal oral cells (HGF and HPLF). The reference com-
pounds used were DXR and 5-fluorouracil (5-FU) which are clinic-
ally in use for cancer treatment. Cytotoxicity results of compounds
1-8 were presented in Table 1. All of the compounds showed
lower cytotoxicity than DXR but showed higher cytotoxicity than
5-FU. Cytotoxicities of the compounds were in the range of 4.0-
30.2 uM towards HSC-2 cell line. The compounds showed 1.3-9.4
times more cytotoxic than 5-FU. When the cytotoxicities of the

He Hd

(o) Hc
o}
HsC c—cC
L 0
Ho Hg N
He Hd H4 H
Hb

Figure 1. The details of "H-NMR spectra of compound 2 as represantative 'H-
NMR. & (ppm) H,: 8.05 (dd, TH, Jyatp: 8.1Hz, Jyane 1.5Hz), Hy: 7.22 (d, TH, Jya
b 8.1Hz), He: 8.08 (d, TH, Jyane: 1.5Hz), Hy: 7.79 (d, 2H, Jyg.he: 8.0HZ), He: 7.27
(d, 2H, Jugme: 80H2), Hy: 7.93 (d, TH, Jyonp: 15.5Hz), Hp: 7.70 (d, TH, Jygng:
15.5Hz) CH; protons: 2.35 (s, 3H).



1726 S. BILGINER ETAL.

Table 1. Cytotoxic activities of the compounds 1-8 towards human OSCC cell
lines and human oral normal cells

CCso(uM)
0SCC Human normal oral cells
HSC-2 Mean TS PSE
Compounds (A) SD HGF SD HPLF SD (B)  (B/A) (B/A2)x100
1 221 1.2 710 9.5 833 140 772 35 16
2 10.1 04 877 185 1053 3.1 965 9.5 94
3 145 29 883 179 840 00 862 5.9 41
4 40 06 247 0.6 263 05 255 6.4 159
5 69 05 554 197 503 35 529 7.7 m
6 10.1 05 53.0 53 760 7.0 645 6.4 64
7 302 32 763 9.3 700 20 732 2.4 8
8 119 02 980 502 327 15 653 55 46
5-FU* 377 00 >1000 0.0 >1000 0.0 >1000 >28.3 80.7
DXR* 05 0.1 0.7 00 >10 00 >53 >104 >2030

“5-Fluorouracil (5-FU) and Doxorubicin (DXR) were used as reference drugs.
SD: standard deviation.

compounds were considered, compound 4, 6-[3-(4-
Trifluoromethylphenyl)-2-propenoyl]-3H-benzoxazol-2-one, was
found as the most potent cytotoxic molecule towards HSC-2
cell line.

The first point to be considered for the compounds is whether
they are tumour cytotoxins. Therefore, the compounds in the ser-
ies were also evaluated against HGF and HPLF non-malignant cells
and the data are presented in Table 1. Under clinical conditions,
tumours are surrounded by different types of normal cells.
Therefore, tumour selectivity values (TS) were calculated. TS were
calculated for the compounds by dividing the average CCs, value
towards normal cells into the average CCso value towards cancer
cell lines (Table 1). According to Table 1, the TS values of the
compounds were greater than 1. This indicated that the com-
pounds were tumour-selective. The cytotoxicity results pointed
out that compound 2 had the highest TS value in the series.

Lead compounds should have both prominent cytotoxic poten-
tial and selective cytotoxicity for tumours. In order to identify the
most promising compounds in terms of both good potencies and
selectively cytotoxic, the PSE values were calculated according to
equation i.e. [Average TS figure (determination of TS)/Average
CCso value (a measure of potency)?] x 100. PSE values were pre-
sented in Table 1. The PSE values of the compounds were in the
range of 8-159. The number of compounds in the series with a
PSE value greater than 30 is six. These six compounds appear to
serve as lead compounds to improve new analogues.

The substituent on the phenyl ring rather than hydrogen was
found to be a generally useful modification in increasing cytotox-
icity (1.5 and 5.5 times) and selectivity (1.6-2.7 times). An excep-
tion was compound 7 for cytotoxicity and selectivity. This may
result from the changes in the electronic structure of the phenyl
ring. When methyl substituent is introduced into the 4 position of
the phenyl ring (compound 2), the cytotoxicity increased 2.2 times
comparing to the non-substituted derivative (compound 1), and
TS increased 2.7 times. On the other hand, when the isopropyl
group was substituted at the 4 position of phenyl ring in com-
pound 6, the increase in cytotoxicity (2.2 times) was the same as
the methyl derivative (compound 2) and the increase in selectivity
of compound 6 was 1.8 times. These results suggested that the
substitution of an alkyl group at the 4 position of phenyl was a
useful modification in both the cytotoxicity and selectivity, espe-
cially when small size alkyl group substitution had better in
increasing selectivity. It suggested that 4 position of the phenyl
ring may play a crucial role in the interaction of the molecule
with the active site of enzyme or protein. Compound 4, wherein

the trifluoromethyl group was substituted at the 4 position of the
phenyl ring, supported this suggestion although the increase in
selectivity in compound 4 was slightly less (1.8 times) than com-
pound 2. Additionally to TS, cytotoxicity increased dramatically
(5.5 times) in compound 4. This is noteworthy. When the electron-
donating groups with resonance effect as 4-methoxy and 4-benzy-
loxy groups (compounds 3 and 8) were substituted at the 4
position of the phenyl ring, the increase in cytotoxicity (1.5 and
1.9 times, respectively) was lower than compounds 2 and 4 which
carry 4-methyl and 4-trifluoromethyl substituents on the phenyl
ring. However, when the substitution of 4 position of phenyl was
dimethylamine (compound 7) cytotoxicity reduced 1.4 times com-
paring to the non-substituted derivative, compound 1. In addition,
substituents at 4 position in compounds 3 and 8 lead to a lower
increase in selectivity comparing to the compounds 2 and 4's.

When the PSE values of the compounds were considered for
the compounds having substitution at 4 position of phenyl ring,
the results observed were interesting. The total electronic contri-
butions of the substituents at 4 position of phenyl ring were as
follows according to literature®’; Gisopropyl: —0.15, Gmethyr —0.17,
Omethoxy: —0.27, Odimethylamine: —0.83 and Ouifluoromethyl: 0.54. The
compounds bearing the substituent at issue were 6, 2, 3, 7, and
4. The results presented at Table 1 show that the replacement of
hydrogen by electron-withdrawing substituent at the 4 position of
the phenyl ring increased the PSE values of the compounds
(except for compound 2). It means as long as the Hammet value
increased, the PSE value of the compound increased. There was a
high positive correlation between ¢ and PSE values (r: 0.7918). It
also reflects that electron-withdrawing substituents at the 4 pos-
ition of phenyl had a positive effect on PSE.

Compound 4 carrying 4-trifluoromethyl substituent on phenyl
ring was the most impressive compound of our design in terms of
cytotoxicity and PSE value. This compound can be considered as a
drug candidate for further investigations. The cytotoxicity and PSE
value of the compound 4 were 5.5 and 9.9 times more potent
than non-substituted compound 1, respectively. While the cyto-
toxicity of compound 4 was 8 times low cytotoxic than DXR, it
was 9.4 times more cytotoxic than reference compound 5-FU and
its PSE (about 2 times) value was higher than 5-FU.

Another issue that can contribute to cytotoxicity can be the
solubility of the compounds which was reflected by Partition
Coefficients (logP). The logP values of the compounds were calcu-
lated by ChemDraw program (Ultra 7.0)[logP values: 2.71 (com-
pound 1), 3.20 (compound 2), 2.58 (compound 3), 3.63
(compound 4), 2.32 (compound 5), 3.94 (compound 6), 2.99 (com-
pound 7), 4.31 (compound 8)]. The correlations between logP and
CCs values were investigated and it was noticed that there was a
low negative correlation (r: —0.2614).

Carbonic anhydrase inhibitory effects

The human CA | and Il inhibitory effects of the compounds 1-8
were reported for the first time in this study and the inhibition
data are shown in Table 2. Acetazolamide (AZA) was used as a ref-
erence drug for both hCA | and Il isoenzymes. The compounds
1-8 showed lower CA inhibitory effects than the reference drug,
AZA. According to Table 2, IC5, values of the compounds 1-8
towards hCA | were in the range of 29.74-69.57 uM, while they
were in the range of 18.14-48.46 uM towards hCA Il isoenzyme.
ICso values of AZA were 16.58 and 837 uM towards hCA | and
hCA I, respectively. According to the ICsy values, compound 4,
wherein the trifluoromethyl group was substituted at the 4 pos-
ition of the phenyl ring showed the best activity (29.74 uM)



Table 2. Inhibitory effects of the compounds 1-8 on hCA | and hCA I
isoenzymes.

1Cso (LM) Ki (uM)

Compounds  hCA | r hCA Il r hCA | hCA I

1 5872 09613 4053 09392 70.58+6.67  36.16+13.35
2 33.00 09546 4559 09786 38.80+1.93  32.12+6.60
3 4746 09406 4813 09854 30.49+1126 36.20+10.26
4 2974 09397 450 09778 30.75+3.49 19.2+2.19
5 69.57 09375 4846 09509 63.04+1545 3520+8.36
6 5211 09496 30.13 09356 37.05+7.77 33.29+6.15
7 4029 09533 2974 09538 5225+997  10.85+2.14
8 5775 09509 1814 09397 2837+6.63  37.96+2.36
AZA* 1658 09887 837 09825 30.18+7.77 4.41+0.55

*

Acetazolamide (AZA) was used as a standard inhibitor for both hCA | and Il iso-
enzymes. r’: is a statistical measure of how close the data are to the fitted
regression line. It is also known as the coefficient of determination, or the coef-
ficient of multiple determinations for multiple regressions™.

towards hCA | and compound 8 carrying 4-benzyloxy substituent
on phenyl ring showed the best activity (18.14 uM) towards hCA II.

According to Table 2, K; values (inhibitory potency) of the com-
pounds 1-8 towards hCA | were in the range of
28.37+6.63-70.58+6.67 uM towards hCA | isoenzyme and they
were in the range of 10.85+2.14-37.96 +2.36 uM towards hCA I
isoenzyme. K; values of AZA were 30.18+7.77uM and
4.41+0.55pM towards hCA | and hCA I, respectively. So, some
compounds (compounds 3, 4, 6, and 8) had similar K; values with
AZA towards hCA | while all compounds had higher K; values than
AZA towards hCA Il which suggests that they are worse inhibitor
than AZA.

Conclusions

Newly synthesized 6-(3-aryl-2-propenoyl)-2(3H)-benzoxazolones,
the compounds 1-8, were reported here for the first time with
their cytotoxic properties and potential inhibitory effects on hCA |
and Il. According to the cytotoxicity results of the compounds,
compound 4 was the most impressive lead compound of the
study with remarkably PSE value (159) for further testing and
investigations. On the other hand, according to K; values com-
pounds 2, 3, 4, 6, and 8 can be considered for the development
of new CA | inhibitors due to similar K; values to AZA but they are
not suitable derivatives for the development of new CA Il inhibi-
tors since they had higher K; values than AZA.

Disclosure statement

The authors declare no conflict of interest.

Funding

This research was supported by the Ataturk University Research
Fund (Project number: 2016/118).

ORCID

Halise Inci Gul http://orcid.org/0000-0001-6164-9602
Claudiu T. Supuran http://orcid.org/0000-0003-4262-0323

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 1727

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ferlay J, Colombet M, Soerjomataram |, et al. Estimating the
global cancer incidence and mortality in 2018: GLOBOCAN
sources and methods. Int J Cancer 2019;144:1941-1953.
Raghavendra NM, Pingili D, Kadasi S, et al. Dual or multi-tar-
geting inhibitors: the next generation anticancer agents. Eur
J Med Chem 2018;143:1277-300.

Ashby J. Potential carcinogenicity of alkylating agents. Chem
Brit 1978;14:595.

Gul HI, Cizmecioglu M, Zencir S, et al. Cytotoxic activity of
4’-hydroxychalcone derivatives against Jurkat cells and their
effects on mammalian DNA topoisomerase |. J Enzyme Inhib
Med Chem 2009;24:804-7.

Erciyas E, Erkaleli HI, Cosar G. Antimicrobial evaluation of
some styryl ketone derivatives and related thiol adducts.
J Pharm Sci 1994;83:545-8.

Dimmock JR, Kumar P, Allen TM, et al. Synthesis and cyto-
toxic evaluation of some carbohydrazones and thiocarbohy-
drazones of various unsaturated ketones and related
Mannich bases. Pharmazie 1997;52:182-6.

Das U, Sharma RK, Dimmock JR. 1,5-diaryl-3-oxo-1,4-penta-
dienes: a case for antineoplastics with multiple targets. Curr
Med Chem 2009;16:2001-20.

Stern H. Sulfhydryl groups and cell division. Science 1956;
124:1292-3.

Dimmock JR, Raghavan SK, Bigam GE. Evaluation of Mannich
bases of 2-arylidene-1,3-diketones versus murine P388 leuke-
mia. Eur J Med Chem 1988; 23:111-7.

Dimmock JR, Sidhu KK, Chen M, et al. Evaluation of some
Mannich bases of cycloalkanones and related compounds
for cytotoxic activity. Eur J Med Chem 1993;28:313-22.

Pati HN, Das U, Sakagami H, et al. 1,3-diaryl-2-propenones
and 2-benzylidene-1,3-indandiones: a quest for compounds
displaying greater toxicity to neoplasms than normal cells.
Archiv Der Pharmazie 2010;343:535-41.

Orlikova B, Tasdemir D, Golais F, et al. Dietary chalcones
with chemopreventive and chemotherapeutic potential.
Genes Nutr 2011;6:125-47.

Takahashi T, Takasuka N, ligo M, et al. Isoliquiritigenin, a fla-
vonoid from licorice, reduces prostaglandin E2 and nitric
oxide, causes apoptosis, and suppresses aberrant crypt foci
development. Cancer Sci 2004;95:448-53.

Nowakowska Z. A review of anti-infective and anti-inflamma-
tory chalcones. Eur J Med Chem 2007;42:125-37.

Fiore C, Eisenhut M, Ragazzi E, et al. A history of the thera-
peutic use of liquorice in Europe. J Ethnopharmacol 2005;99:
317-24.

Kocyigit UM, Budak Y, Gurdere MB, et al. Synthesis of chal-
cone-imide derivatives and investigation of their anticancer
and antimicrobial activities, carbonic anhydrase and acetyl-
cholinesterase enzymes inhibition profiles. Arch Physiol
Biochem 2018;124:61-8.

Ghosh A, Mandal S, Banerji A, et al. A new chalcone from
Pongamia pinnata and its antioxidant properties. Nat Prod
Commun 2009;4:209-10.

Gul HI, Yamali C, Gunesacar G, et al. Cytotoxicity, apoptosis,
and QSAR studies of phenothiazine derived methoxylated
chalcones as anticancer drug candidates. Med Chem Res
2018;27:2366-78.

Yadav VR, Prasad S, Sung B, Aggarwal BB. The role of chal-
cones in suppression of NF-kB-mediated inflammation and
cancer. Int Immunopharmacol 2011;11:295-309.



1728 S. BILGINER ETAL.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Kim HG, Oh HJ, Ko JH, et al. Lanceoleins A-G, hydroxychal-
cones, from the flowers of Coreopsis lanceolata and their
chemopreventive effects against human colon cancer cells.
Bioorg Chem 2019;85:274-81.

Gul HI, Yamali C, Bulbuller M, et al. Anticancer effects of
new dibenzenesulfonamides by inducing apoptosis and
autophagy pathways and their carbonic anhydrase inhibitory
effects on hCA |, hCA II, hCA IX, hCA XIlI isoenzymes. Bioorg
Chem 2018;78:290-7.

Yamali C, Tugrak M, Gul HI, et al. The inhibitory effects of
phenolic Mannich bases on carbonic anhydrase | and Il iso-
enzymes. J Enzyme Inhib Med Chem 2016;31:1678-81.
Yerdelen KO, Gul HI. Synthesis and anticholinesterase activ-
ity of fumaramide derivatives. Med Chem Res 2013;22:
4920-9.

Murty MSR, Ram KR, Rao RV, et al. Synthesis and preliminary
evaluation of 2-substituted-1,3-benzoxazole and 3-(3-substi-
tuted)propyl-,3-benzoxazol-2(3H)-one derivatives as potent
anticancer agents. Med Chem Res 2011;20:576-86.

Chiarotto |1, Feroci M, Orsini M, et al. Electrogenerated N-het-
erocyclic carbenes: N-functionalization of benzoxazolones.
Tetrahedron 2009;65:3704-10.

Deng B, Cullen MD, Zhou ZG, et al. Synthesis and anti-HIV
activity of new alkenyldiarylmethane (ADAM) non-nucleoside
reverse transcriptase inhibitors (NNRTIs) incorporating ben-
zoxazolone and benzisoxazole rings. Bioorg Med Chem
2006;14:2366-74.

Ivanova Y, Momekov G, Petrov O, et al. Cytotoxic Mannich
bases of 6-(3-aryl-2-propenoyl)-2(3H)-benzoxazolones. Eur J
Med Chem 2007;42:1382-7.

Kumar D, Jacob MR, Reynolds MB, Kerwin SM. Synthesis and
evaluation of anticancer benzoxazoles and benzimidazoles
related to UK-1. Bioorg Med Chem 2002;10:3997-4004.

Unlu S, Onkol T, Dundar Y, et al. Synthesis and analgesic
and anti-inflammatory activity of some new (6-acyl-2-ben-
zoxazolinone and 6-acyl-2-benzothiazolinone derivatives
with acetic acid and propanoic acid residues. Arch Pharm
2003;336:353-60.

Koksal M, Gokhan N, Kupell E, et al. Synthesis, analgesic and
antiinflammatory properties of certain 5-/6-acyl-3-(4-substi-
tuted-1-piperazinylmethyl)-2-benzoxazolinones  derivatives.
Archiv Der Pharmazie 2005;338:117-25.

Koksal M, Gokhan N, Erdogan H, et al. Synthesis of 3-(4-sub-
stituted benzoylmethyl)-2-benzoxazolinones and screening
antimicrobial activities. Farmaco 2002;57:535-8.

Orhan H, Dogruer DS, Cakir B, et al. The in vitro effects of
new non-steroidal antiinflammatory compounds on antioxi-
dant system of human erythrocytes. Exp Toxicol Pathol
1999;51:397-402.

Ivanova Y, Momekov G, Petrov O. Synthesis of novel substi-
tuted 1,3-diarylpropenone derivatives and their in vitro cyto-
toxic activity. Lett Drug Design Discov 2009;6:353-7.

Ivanova YB, Momekov GT, Petrov Ol. New heterocyclic
chalcones. Part 6. Synthesis and cytotoxic activities of 5-or
6-(3-aryl-2-propenoyl)-2(3H)-benzoxazolones. Heterocycl
Commun 2013;19:23-8.

Supuran CT. Carbonic anhydrase inhibitors and their poten-
tial in a range of therapeutic areas. Exp Opin Ther Patents
2018;28:709-12.

Supuran CT, Carbonic anhydrase inhibitor—no donor
hybrids and their pharmacological applications. In:
Morbidelli L, Bonavida B, eds. Therapeutic application of

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

nitric oxide in cancer and inflammatory sisorders.
Cambridge, MA: Academic Press; 2019. pp. 229-242.
Thacker PS, Shaikh P, Angeli A, et al. Synthesis and bio-
logical evaluation of novel 8-substituted quinoline-2-carbox-
amides as carbonic anhydrase inhibitors. J Enzyme Inhib
Med Chem 2019;34:1172-7.
Supuran CT. Carbonic
Metabolites 2018;8:25.
Supuran CT. Carbonic anhydrase activators. Future Med
Chem 2018;10:561-73.

Nocentini A, Supuran CT. Carbonic anhydrase inhibitors as
antitumor/antimetastatic =~ agents: a  patent  review
(2008-2018). Exp Opin Ther Patents 2018;28:729-40.

Yamali C, Gul HI, Sakagami H, Supuran CT. Synthesis and
bioactivities of halogen bearing phenolic chalcones and
their corresponding bis Mannich bases. J Enzyme Inhib Med
Chem 2016;31:125-31.

Yamali C, Gul Hl, Ece A, et al. Synthesis, molecular modeling,
and biological evaluation of 4-[5-aryl-3-(thiophen-2-yl)-4,5-
dihydro-1H-pyrazol-1-yl] benzenesulfonamides toward
acetylcholinesterase, carbonic anhydrase | and Il enzymes.
Chem Biol Drug Design 2018;91:854-66.

Gencer N, Bilen C, Demir D, et al. In vitro inhibition effect of
some chalcones on erythrocyte carbonic anhydrase | and Il
Artif Cell Nanomed Biotechnol 2013;41:384-8.

Stellenboom N. Comparison of the inhibitory potential
towards carbonic anhydrase, acetylcholinesterase and
butyrylcholinesterase of chalcone and chalcone epoxide.
J Biochem Mol Toxicol 2019;33:e22240.

Tutar U, Kocyigit UM, Gezegen H. Evaluation of antimicro-
bial, antibiofilm and carbonic anhydrase inhibition profiles
of 1, 3-bis-chalcone derivatives. J Biochem Mol Toxicol 2019;
33:e22281.

Burmaoglu S, Yilmaz AO, Polat MF, et al. Synthesis of novel
tris-chalcones and determination of their inhibition profiles
against some metabolic enzymes. Arch Physiol Biochem
2019;1-9. DOI: 10.1080/13813455.2019.1623265.

Kantoh K, Ono M, Nakamura Y, et al. Hormetic and anti-radi-
ation effects of tropolone-related compounds. In Vivo 2010;
24:843-51.

Tugrak M, Yamali C, Sakagami H, Gul HI. Synthesis of mono
Mannich bases of 2-(4-hydroxybenzylidene)-2, 3-dihydroin-
den-1-one and evaluation of their cytotoxicities. J Enzyme
Inhib Med Chem 2016;31:818-23.

Unluer E, Gul HI, Demirtas A, et al. Synthesis and bioactivity
studies of 1-aryl-3-(2-hydroxyethylthio)-1-propanones.
J Enzyme Inhib Med Chem 2016;31:105-9.

Sakagami H, Uesawa Y, Masuda Y, et al. Quantitative struc-
ture-cytotoxicity relationship of newly synthesized piperic
acid esters. Anticancer Res 2017;37:6161-8.

Gul HI, Tugrak M, Sakagami H. Synthesis of some acrylophe-
nones with N-methylpiperazine and evaluation of their cyto-
toxicities. J Enzyme Inhib Med Chem 2016;31:147-51.

Gul HI, Tugrak M, Sakagami H, et al. Synthesis and bio-
activity studies on new 4-(3-(4-substitutedphenyl)-3a,4-
dihydro-3H-indenol1,2-clpyrazol-2-yl) benzenesulfonamides.
J Enzyme Inhib Med Chem 2016;31:1619-24.

Gul HI, Mete E, Eren SE, et al. Designing, synthesis and bio-
activities of 4-[3-(4-hydroxyphenyl)-5-aryl-4,5-dihydro-pyra-
zol-1-yl]lbenzenesulfonamides. J Enzyme Inhib Med Chem
2017;32:169-75.

Yamali C, Ozgun DO, Gul HI, et al. Synthesis and structure
elucidation of 1-(2,5/3,5-difluorophenyl)-3-(2,3/2,4/2,5/3,4-

anhydrases and metabolism.


https://doi.org/10.1080/13813455.2019.1623265

55.

56.

57.

dimethoxyphenyl)-2-propen-1-ones as anticancer
Med Chem Res 2017;26:2015-23.

Gul HI, Yamali C, Yesilyurt F, et al. Microwave-assisted syn-
thesis and bioevaluation of new sulfonamides. J Enzyme
Inhib Med Chem 2017;32:369-74.

Ozgun DO, Yamali C, Gul HI, et al. Inhibitory effects of isatin
Mannich bases on carbonic anhydrases, acetylcholinesterase,
and butyrylcholinesterase. J Enzyme Inhib Med Chem 2016;
31:1498-501.

Burmaoglu S, Yilmaz AO, Taslimi P, et al. Synthesis and bio-
logical evaluation of phloroglucinol derivatives possessing
a-glycosidase, acetylcholinesterase, butyrylcholinesterase,
carbonic anhydrase inhibitory activity. Arch Pharm 2018;351:
1700314.

agents.

59.

60.

61.

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 1729

Timur |, Kocyigit UM, Dastan T, et al. In vitro cytotoxic and
in vivo antitumoral activities of some aminomethyl deriva-
tives of 2, 4-dihydro-3H-1, 2, 4-triazole-3-thiones -
Evaluation of their acetylcholinesterase and carbonic anhy-
drase enzymes inhibition profiles. J Biochem Mol Toxicol
2019;33:22239.

Gul HI, Tugrak M, Gul M, et al. New phenolic Mannich bases
with piperazines and their bioactivities. Bioorg Chem 2019;
90:103057.

Gul HI, Mete E, Taslimi P, et al. Synthesis, carbonic anhy-
drase | and Il inhibition studies of the 1, 3, 5-trisubstituted-
pyrazolines. J Enzyme Inhib Med Chem 2017;32:189-92.
Hansch C, Leo A. Substituent constants for correlation ana-
lysis in chemistry and biology. Hoboken, NJ: Wiley; 1979.



	Abstract
	Introduction
	Experimental
	Chemistry
	Synthesis of 6-acetyl-2(3H)-benzoxazolone
	Synthesis of chalcone compounds 1, 2, 3, 4, and 6

	6-(3-Phenyl-2-propenoyl)-3H-benzoxazol-2-one (1)
	6-[3-(4-Metyhlphenyl)-2-propenoyl]-3H-benzoxazol-2-one (2)
	6-[3-(4-Methoxyphenyl)-2-propenoyl]-3H-benzoxazol-2-one (3)
	6-[3-(4-Trifluoromethylphenyl)-2-propenoyl]-3H-benzoxazol-2-one (4)
	6-[3-(4-Isopropylphenyl)-2-propenoyl]-3H-benzoxazol-2-one (6)
	Synthesis of the compounds 5, 7, and 8

	6-[3-(3-Hydroxyphenyl)-2-propenoyl]-3H-benzoxazol-2-one (5)
	6-[3-(4-Dimethylaminophenyl)-2-propenoyl]-3H-benzoxazol-2-one (7)
	6-[3-(4-Benzyloxyphenyl)-2-propenoyl]-3H-benzoxazol-2-one (8)
	Biological activity
	Cytotoxicity test

	Materials
	Cell culture
	Assay for cytotoxic activity
	Calculation of tumour specificity
	Calculation of potency-selectivity expression
	Carbonic anhydrase inhibition

	Results and discussion
	Chemistry
	Cytotoxic/anticancer activity
	Carbonic anhydrase inhibitory effects

	Conclusions
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


