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Duygu Şahin Gül a, b, Hatice Ogutcu c, Zeliha Hayvalı a, *

a Department of Chemistry, Ankara University, Faculty of Science, 06100, Ankara, Turkey
b Chemistry and Chemical Processing Technologies Department, Trakya University, Vocational College of Arda, 22100, Edirne, Turkey
c Department of Field Crops, Faculty of Agriculture, Kırşehir Ahi Evran University, 40100 Kırşehir, Turkey
a r t i c l e i n f o

Article history:
Received 19 September 2019
Received in revised form
11 November 2019
Accepted 9 December 2019
Available online 10 December 2019

Keywords:
Crown ethers
Coumarin
Chromone
Fluorescence
Metal selectivity
Antimicrobial activity
* Corresponding author.
E-mail address: zhayvali@science.ankara.edu.tr (Z.

https://doi.org/10.1016/j.molstruc.2019.127569
0022-2860/© 2019 Elsevier B.V. All rights reserved.
a b s t r a c t

Two different series of crown ether compounds (4-11) were synthesized by the reactions of 40,50-bis(-
bromomethyl)benzo-15-crown-5 (3) and 40-amino-benzo-15-crown-5 with hydroxycoumarin and
chromone derivatives. Coumarin-crown ether compounds (4 and 5) were synthesized by the reactions of
40,50-bis(bromomethyl)benzo-15-crown-5 (3) with 4-hydroxycoumarin and 7-hydroxycoumarin.
Chromone-crown ether compounds (6-11), were synthesized by the condensation reactions of 40-amino-
benzo-15-crown-5 with 3-formylchromone and 6-methyl-3-formylchromone in different solvent media.
Sodium and potassium complexes (4a-11a, 4b-11b) of new coumarin and chromone substituted benzo-
15-crown-5 (B15C5) ligands (4-11) were prepared with NaSCN and KSCN, respectively. The syntheses of
the novel crown ether compounds (4-11) and complexes (4a-11a, 4b-11b) were elucidated by the
elemental analysis, FTIR, 1H NMR, 13C NMR and MS spectral data. The metal selectivities and effects of
metal cations (Liþ, Naþ, Kþ, Mg2þ, Ca2þ, Ba2þ, Agþ, Al3þ, Cu2þ, Zn2þ, Ni2þ, Pb2þ, Fe3þ, Cr3þ) to the new
crown ether compounds (4-11) were investigated by the absorption and fluorescence spectra. In addi-
tion, all of these substances were examined for antibacterial activity against pathogenic strains Listeria
monocytogenes 4b, Staphylococcus aureus, Escherichia coli, Salmonella typhi H, Bacillus cereus, Micrococcus
luteus, Shigella dysenteria type 2, Staphylococcus epidermidis, Proteus vulgaris, Klebsiella pneumonia sp.,
Serratia marcescens sp. and antifungal activity against Candida albicans.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

The combination of a pyrone ring with a benzene ring gives rise
to two distinct types benzopyrone ring. These rings are recognized
namely benzo-a-pyrones called coumarines and benzo-g-pyrones
called chromones [1,2]. Coumarine compounds have been widely
used in the fields of medicine, biology, cosmetic compounds and
lazer dyes [3,4]. Because, they have many important features
including less toxicity effect, antibacterial and antitumor activities,
high fluorescence quantum yield and large stokes shift [2,5e7].
Chromone compounds are abundant in nature product and they
have a wide range of pharmacological properties like antiviral,
antibacterial, antifungal, anticancer, anti-HIV and many other
Hayvalı).
activities. In addition, chromone derivatives occur in plant life, as a
pigment in plant leaves and flower [8e10]. Among chromone de-
rivatives are the 3-formylchromone (4-oxo-4H-1-benzopyran-3-
carboxaldehyde), which possess three electronic centers (alde-
hyde carbon, highly reactive electrophilic carbon and carbonyl
carbon) [11]. Generally, 3-formyl chromones with primary amines
were given three types of products. One of them are those, which
have condensation reactions so Schiff base compounds are ob-
tained [12e17]. Another type of chromone products are 4-
chromanone derivatives [18]. The third type of products are com-
pounds in which weak g-pyrone ring is broken and new com-
pounds are occurred [15e17]. From the 1H NMR, 13C NMR and
elemental analyses, it was observed the addition of solvent (etha-
nolat anion) to a molecule of 3-formylchromone, phenomenonwas
also confirmed by crystallographic data and mass spectra [19,20].
The probable mechanism of the solvent addition to the pyrone ring
is represented in Scheme 1.
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Scheme 1. The mechanism of the addition of an ethanolate-anion to the 3-formylchromone molecule.
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Crown ethers are well known for their ability to form strong and
stable complexes with alkaline and alkaline earth metals or organic
cations, for which cavity size is a paramount factor [21,22]. Mac-
rocycle that possess ionophore ability has been a subject for
extensine investigation not only for the synthetic protocol but also
for its potential applications since its discovery by Pedersen [23].
Because of their complexation with metal ions, they are used as
complexing agents, specific biosensor applications for specific an-
tibodies, chemosensor applications, ion selective electrodes,
photosensitivity systems, phase transfer catalysts and potential
anti-cancer species [24e28]. Especially, design of fluorescent che-
mosensors is an important field for the analytical as well as envi-
ronmental and biological problems, because chemical sensors
based on ion-induced changes in fluorescence show high sensi-
tivity and quick response to the toxic and precious metals [29e34].
Therefore, considerable efforts being made to develop selective
fluorescence sensors for cation deduction. Two main types of flu-
orogenic chemosensors are based on the PET (Photoinduced Elec-
tron Transfer) and ICT (Internal Charge Transfer) mechanism
[19,20]. Generally, in PET sensors the binding of the metal ion in-
creases the fluorescence intensity. But spectral shifts are not
observed in absorption and fluorescence spectra. ICT sensors, when
complexed with metal cations, show a moderate increase in fluo-
rescence intensity and significant shifts in UV visible and fluores-
cence spectra. As a result, the binding of metal cations reduces the
donor power of the ionophore and can alter the ICT or PET process,
causing changes in the absorption and/or fluorescence spectra. The
situation that caused all these photophysical effects is due to the
charge and the size of the cation [35,36].

In the present work, we report on the synthesis of novel
coumarin and chromone substituted crown ethers and their alkali
metal complexes (Naþ, Kþ) (Schemes 2e4). Compounds (4-11) and
complexes (4a-11a, 4b-11b) was obtained and characterized by 1H,
13C NMR, FT-IR, MS spectroscopy, UV visible and fluorescence
spectra. So in this article we synthesized new hybrid molecules
(coumarin-substituted crown ether and chromone-substituted
crown ether compounds), belonging to two different classes
(crown ether and coumarin/chromone) of compounds. With their
combined properties, these new compounds can have new appli-
cations. In this respect, i: absorption and fluorescence properties of
4-11 were recorded over range of concentration of added metal
ions (Liþ, Naþ, Kþ, Mg2þ, Ca2þ, Ba2þ, Agþ, Al3þ, Cu2þ, Zn2þ, Ni2þ,
Pb2þ, Fe3þ, Cr3þ, Co3þ). Synthesis of new fluorescent sensors for
metal cation recognition is a versatile and growing field for ion-
selective and sensitive materials. Furthermore, crown compounds
can function as suitable synthetic model compounds which have
similar functions for biological analogs, clearly discriminate
different metal cations. ii. In this study we also wanted to deter-
mine the antimicrobial activities of new crown ether ligands and
alkali metal complexes. The microorganisms used in this study
were as follows: Listeria monocytogenes 4b, Staphylococcus aureus,
Escherichia coli, Salmonella typhi H, Bacillus cereus, Micrococcus
luteus, Shigella dysenteria type 2, Staphylococcus epidermidis, Proteus
vulgaris, Klebsiella pneumonia sp., Serratia marcescens sp. and anti-
fungal activity against pathogenic yeast Candida albicans. This
antimicrobial activity study may help to understand the biological
effects of new crown ether derivatives and thus to develop new
antimicrobial agents based on new crown ether moieties.

2. Experimental

2.1. General

All solvents and all reagents were from Sigma Aldrich; all were
used without further purification. NaSCN and KSCN salts were used
for the synthesis of the alkali metal complexes of the compounds.
Alkali, alkaline earth and transitionmetal cations were added to the
solution as absorption and fluorescence reagents in the form of
nitrate salts. Melting points were determined on a Gallenkamp
melting point platform. 1H and 13C NMR spectra were recorded on a
Bruker DPX FT-NMR (400 MHz) spectrometer (SiMe4 as a internal
standard). Chemical shifts for proton and carbon resonances were
reported in ppm (d). The IR spectra were detected using a Matson
1000 model FTIR spectrometer equipped a three-reflections ATR
attachment. Carbon, nitrogen, hydrogen and sulfur analyses were
performed on a LECO CHNS-932 elemental analyzer. Mass spectral
data were performed on a Waters 2695 Alliance Micromass ZQ LC/
MS and Agilent Technologies 6224 HRMS spectrometer. UVevisible
spectra were recorded on a SHIMADZU UV-1800 UVeVis spectro-
photometer. Fluorescence spectra were recorded on a Perkin Elmer
L5S55 Fluorescence Spectrometer.

2.2. Syntheses

The starting compounds tetraethyleneglycoldichloride (1) [37],
benzo-15-crown-5 (2) [38], and 40,50-bis(bromomethyl)-benzo-15-
crown-5 (3) [39] were prepared according to the cited procedure.

2.2.1. General procedure for the synthesis of coumarin compounds
(4-5)

The hydroxycoumarin compounds (4-hydroxycoumarin or 7-
hydroxycoumarin) (1.78 g, 11 mmol) was dissolved in 25 mL
acetone. Then, KOH solution (0.76 g, 13.60 mmol) was dropwise
added and the reaction mixture was stirred for 1 h. To dissolve the
resulting salt, 2 mL of distilled water was added to the reaction
media. Subsequently, 40,50-bis(bromomethyl)benzo-15-crown-5
(2.50 g, 5.51 mmol) in 20 mL acetone was slowly added to the re-
action mixture. The solution was refluxed for 24 h and the con-
sumption of the starting material was monitored using thin layer
chromatography (silica, eluent; chloroform). After the reaction was
complete, the solubility differences in THF, acetone and dichloro-
methane of compound were utilized for the purification of the
product. The white precipitate formed was isolated and recrystal-
lized from dichlorometane.

2.2.2. General procedure for the synthesis of chromone compounds
(6-11)

The chromone aldehydes (3-formylchromone or 6-methyl-3-
formylchromone) (8.8 mmol) were dissolved in 25 mL solvent
(MeOH or EtOH or PrOH). 40-amino-benzo-15-crown-5 (8.8 mmol)



Scheme 2. Synthesis of new coumarin-crown ether compounds (4 and 5).

Scheme 3. Synthesis of new coumarin-crown ether sodium and potassium complexes (4a, 5a and 4b, 5b).
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was dissolved in 25 mL solvent (MeOH or EtOH or PrOH) and added
dropwise to the chromone solution. The resulting solution was
stirred under reflux 4 h. The crude products were recrystallized
from ethanol.
2.2.3. General procedure for the synthesis of sodium complexes (4a-
11a)

The corresponding crown ether (4-11) (2 mmol) and NaSCN
(2mmol) were dissolved in 10mL solvent (THF for 4 and 5, EtOH for
6-11) and heated to reflux for 2 h. The crude sodium complex was



Scheme 4. Synthesis of new chromone-crown ether compounds (6-11), sodium and potassium complexes (6a-11a and 6b-11b).
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filtered and recrystallized from ethanol.

2.2.4. General procedure for the synthesis of potassium complexes
(4b-11b)

The corresponding crown ether (4-11) (2 mmol) and KSCN
(1 mmol) were dissolved in solvent (in THF for 4 and 5, in EtOH for
6-11) (10 mL) and heated to reflux for 2 h. The crude potassium
complex was filtered and recrystallized from ethanol.

2.3. Antimicrobial evaluation

The antimicrobial activity of crown-coumarine compounds (4-
11) and alkali metal complexes (4a, 5a, 4b and 5b) were screned
selected pathogenic bacteria against; Listeria monocytogenes 4b
ATCC 19115, Staphylococcus aureus ATCC 25923, Staphylococcus
epidermidis ATCC 12228, Bacillus cereus NRLL B-3008, Micrococcus
luteus ATCC 93419 as Gram (þ) bacteria; Salmonella typhi H NCTC
901.8394, Shigella dysenteria type 2 NCTC 2966, Escherichia coli
ATCC 1280, Proteus vulgaris ATCC 6059, Klebsiella pneumonia ATCC
27853, Serratia marcescens sp. as Gram (�) bacteria and Candida
albicans ATCC 90028 as yeast.

Synthesized ligands and complexes were maintained at room
temperature and dissolved (10 mM) in DMSO. DMSO was used as a
control solvent because, it has no antimicrobial activity against any
of the tested microorganisms. Detection of antibacterial and anti-
fungal activity of synthesized compounds and alkali metal com-
plexes were performed using the well-diffusion method. The
modified polymers were kept dry at room temperature and were
dissolved in DMSO (0.15 g/mL). 1% (v/v) of 24 broth culture con-
taining 106 CFU/mL was placed in sterile petri dishes. Mueller-
Hinton Agar (15 mL) was used to culture the test bacteria and it
was kept at 45 �C. The molten nutrient agar was added into Petri-
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dishes and allowed to solidify. Then, 6 mm diameter holes were
punched using a sterile cork borer and were completely filled with
the test solutions. The plates were incubated at 37 �C for 24 h. After
incubation process, the mean value was obtained for all holes and it
was used to calculate the zone of growth inhibition each samples
against the pathogenic microorganism. The pathogenic bacteria
cultures and yeast were tested for resistance to five standart anti-
biotics produced by Oxoid Lt., Basingstoke, UK. These were:
Ampicillin, Nystatin, Kanamycin, Sulphamethoxazol, Amoxycillin
[40e43].

3. Results and discussion

3.1. Syntheses and structural characterization

The coumarin substituted crown ether ligands (4, 5) were suc-
cesfully synthesized with the yields of 38% and 57%, respectively
and the synthesis coumarin derivatives were conducted as outline
in Scheme 2.

The reaction products of 3-formylchromone and 6-methyl-3-
formylchromone with 40-amino-benzo-15-crown-5 in different
solvent media were investigated. In these reactions, with the
opening of the pyrone ring, new chromanone compounds are ob-
tained by the nucleophilic addition mechanism [10]. According to
previous studies, nucleophiles can react in three electrophilic sites
of 3-formylchromones. The spectral study and calculated results
the C-2 atom of the 3-formylchromones is the most strongly acti-
vated towards nucleophilic reactions [10,44] (Scheme 1). The 3-
formylchromone was expected to react easily with the primary
amines in the alcoholic medium to give the Shiff base. However,
instead of the imine compound in the alcoholic medium, the
enamine compound was obtained [45].

The sodium and potassium complexes (4a, 5a and 4b, 5b) were
prepared by the reactions of a solution of the ligands in THF (for 4
and 5) or EtOH (for 6-11) with NaSCN or KSCN. The spectroscopic
data indicated that the stoichiometry of the sodium complexes (4a,
5a) formed between Naþ:benzo-15-crown-5 was 1:1 (Metal:-
Ligand) and potassium complexes (4b, 5b) formed between
Kþ:benzo-15-crown-5 was 1:2 (Metal:Ligand).

While all ligands (4-11) and coumarin-crown ether complexes
(4a, 5a, 4b, 5b) are stable in solution, the alkali metal complexes
(6a-11a, 6b-11b) of chromon-crown ether compounds are partially
or completely hydrolyzed in solution. The structures of compounds
and complexes have been verified by elemental analysis, FTIR, 1H,
13C NMR and mass spectra. Analytical characterizations and
experimental details of the ligands (4-11) and complexes (4a-11a
and 4b-11b) were given in Table S1.

3.2. Mass spectra

The mass spectra of ligands and complexes were recorded using
LC-MS and HRMS TOF-ESI positive ion screening method. The
molecular ion peaks and molecular fragments of the new com-
pounds and metal complexes were in good agreement with the
proposed structures. In the mass spectra of compounds (4, 6, 7, 9-
11) dominant peaks were observed at 639.18335 (100%) (Fig. S1),
494.4 (100%) (Fig. S1), 508.1 (100%) (Fig. S1), 508.5 (100%),
522.21245 (22%), 536.22824 (25%), respectively. These peaks cor-
responding to m/z [MþNa]þ (molecular ion plus sodium). For
compound 5, the peak at 617.20275 (83%) corresponding to m/z
[MþH]þ (molecular ion) was recorded (Fig. S1). In the electrospray
(ES) mass spectrum of compound 8, the molecular ion peak was not
observed, but fragments of significant abundance were detected at
m/z 494.2 (100%) corresponding to the [M þ NaeC2H5].

The mass spectra of sodium and potassium complexes were
characterized by intense peak for 4a, 6a, 8a and 6b m/z [M]þ

639.18118 (100%) (Fig. S2), 494.17877 (100%) (Fig. S2), 522.21003
(100%) and 981.34119 (100%) (Fig. S2), respectively. In the mass
spectra of complexes (9a-11a, 7b, 9b-11b), the molecular ion peaks
were not detected, but the important fragments of significant
abundance were observed.

3.3. FT-IR spectra

The IR spectra of coumarin (4 and 5) and chromone (6-11)
compounds were registered and characteristic IR bands and cor-
responding assignment are presented in Table S2. In all compounds
(4-11) and complexes (4a-11a, 4b-11b), the alkyl ether
n(CeOeC)aliph. and aryl ether n(CeOeC)arom. streching bands were
observed as sharp peaks in the range of 1095e1142 cm�1 and 1119-
1244 cm�1, respectively. Characteristic peaks of carbonyl group
(C]O) of 4 and 5 were appeared to 1720 and 1707 cm�1,
respectively.

IR spectral data of enamine compounds formed by the reaction
of chromone and primary amines are available in the literature
[10,18,37,38]. In these compounds, the strong bands at 1654, 1646,
1649, 1651, 1645, 1645 cm�1 in spectra of 6-11, respectively were
similar and they were assigned as n(C]O) in chromanones. The
disappearance of n(C]O) bands of the aldehyde group in 6-11,
confirms their condensation with molecules of crown-amine.
Another characteristic peak for chromone substituted compounds
were NeH streching and these peaks for 6-11 were 1590, 1591,
1589, 1608, 1589 and 1589 cm�1, respectively.

IR spectra of the sodium and potassium complexes (4a-11a 4b-
11b) showed the ligands band with the appropriate shifts due to
complex formation (Table S3). The presence of thiocyanate for
complex (4a-11a 4b-11b) was indicated by the characteristic broad
band at 2058, 2059, 2054, 2056, 2058, 2058, 2068, 2052, 2059,
2062, 2044, 2046, 2048, 2050, 2052 and 2050 cm�1. When the IR
spectra of the chromanone ligands and alkali metal complexes
were evaluated, it was observed that the ligands preserved the
enamine structure in complex formation.

3.4. 1H and 13C NMR spectroscopy

In order to identify structures of coumarine and chromone
substituted benzo-15-crown-5 compounds (4-11) and alkali metal
complexes (4a-11a, 4b-11b) 1H NMR spectra were recorded in
CDCl3 and DMSO (Table S4 and Table S5).

For the coumarin-crown eter compounds (4 and 5) spectra
(Fig. S3 for compound 5) indicate that themolecules are symmetric.
The crown ether proton (eOCH2eCH2O-) peaks for 4 and 5 were
seen to resonate between at d 3.74e4.17 and 3.29e4.06 ppm,
respectively. TheeCH2- protons were observed as a singlet at d 5.47
and 5.21 ppm for the compounds 4 and 5.

In proton NMR, chromone-crown ethers (6-11) (Fig. S3 for
compound 8) display two doublet peaks at the region of d 7.36e7.97
and 12.14e12.72 ppm. A doublet at the region of the
d 7.36e7.97 ppm indicated the presence of eCH proton. Another
doublet at d 12.14e12.71 ppm was assign to NH proton. The rela-
tively high downfield shift for NH proton is due to the strong
intramolecular hydrogen bond [46]. 1H NMR spectra of the chro-
manones (6-11) showed a singlet signal of CH of the pyrone ring at
d 5.64e5.78 ppm.

The 1H NMR spectra of the sodium and potassium complexes
(4a, 5a, 4b, 5b) (Fig. S4 for compounds 5a and 4b) were approxi-
mately the same as in the corresponding ligand spectra. The com-
plexing of the ligands with Naþ cations is called “filling complexes”
while the complexes formed by the Kþ cation wich is greater than
the benzo-15-crown-5 cavity are called “sandwich complexes”
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[47,48]. The 1H NMR spectral data provide important evidence for
the ligands and metal complexes [49]. Because different multiplet
peaks were detected in crown ether protons region for sodium and
potassium complexes [40]. Although three multiplet peaks
observed for the ligands (4 and 5), four multiplet peaks were seen
for the sodium complexes (4a, 5a) and a broad peaks were seen for
the potassium complexes in crown ether proton peaks region
[48,50,51].

When sodium and potassium complexes of chromone-crown
ether compounds (6a-11a, 6b-11b) were examined, similar
changes were observed with coumarin compounds in crown ether
proton peaks region. However, NH, CHeNH and CH peaks were not
seen in chromone-crown ether complexes (6a-11a and 6b-11b).
New single peaks were observed in all complexes in the range of
d 8.51e8.55 and d 10.37e10.40 ppm (Fig. 1).

These peaks were determined to belong to the 3-
formylchromone and 6-methyl-3-formylchromone used as start-
ing material. This was proof that the complexes are hydrolyzed in
solution. The complexes were stable in solid form, but unstable in
solution. Because, the elemental analysis and the IR spectra
confirmed that the complexes were stable in solid form (Table S2
and Table S3).

The 13C NMR spectral data and numbering of carbon atoms are
given in Table S6 and Table S7. The coumarine compounds (4, 5) and
alkali metal complexes (4a, 5a, 4b and 5b) spectra indicate that the
molecules are symmetric. The characteristic signals of the four
crown ether carbons for 4, 5, 5a, 5b were observed between 68.31
and 71.39 ppm. The carbonyl carbons for compounds 4, 5, 5a and 5b
were observed at 163.97, 161.54, 161.83 and 161.76 ppm, respec-
tively. In all of the chromanone ligands (6-11), the characteristic
carbonyl (C]O) carbons were detected at 180.73, 181.16, 180.97,
180.92, 181.06, 181.16 ppm, respectively. The carbon atom of C]NH
group for 6-11 was observed at 144.86e144.51 ppm. While
chromon-crown ether alkali metal complexes (6a-11a and 6b-11b).
are stable in solid state, they are readily hydrolyzed in solution. In
this respect, 13C NMR spectra were also observed to be quite mixed.

3.5. Antimicrobial activity

The compounds and their metal complexes were screned for
antimicrobial activity DMSO solvent as a control substance. The
compounds and complexes were tested with the same
Fig. 1. 1H NMR spectra of sodium com
concentrations in DMSO solutions (0,1 mg/mL). 4-11, 4a, 5a, 4b and
5b were screened for their antimicrobial activities against selected
pathogenic microorganisms by the well-diffusion method.

All synthesized compounds exhibited varying degrees of
inhibitory effects on the growth of different tested strains (Fig. 2).
All of the compounds and complexes were effective B.cereus,
M.luteus and Proteus vulgaris. B.cereus is known as opportunist
pathogens and is associated with food-borne illness [52]. M. luteus
has considered an opportunistic pathogen that can be responsible
for nosocomial infections. Furthermore can cause skin infections
and septic shock in immunocompromised peoples. In addition to all
this, P. vulgaris has been isolated from a patients in long-term care
facilities and hospitals, and from patients with underlying diseases
or with weak immune systems. Patients with recurrent infection,
those with structural abnormalities in urinary tract, those with
urethral instrumentation and those with hospital infection, Proteus
spp. and other microorganisms.

All compounds and complexes showed moderate activity
against Serratia marcencens, except for compound 10. Ligands and
complexes were completely inactive against Shigella dysenteria,
except for compound 5 (15 mm). All chromone compounds (6-11)
showed moderate activity against L. monocytogenes (20 mm,
17 mm, 20 mm, 18 mm, 16 mm and 17 mm, respectively). The
pathogen is the causative agent of listeriosis which is the leading
cause of death among foodborne bacterial pathogens [53].

S. epidermiswhich infections were associated with intravascular
devices (prosthetic heart valves, etc.), furthermore generally
happen in prosthetic joints, catheters and largewounds. S.epidermis
gain resistance against traditional antibiotics every day and there
was need for more effective antibiotics for the treatment of disease
[54,55]. The compound 10 showed most activity against
S. epidermis (23 mm).

Compounds and complexes had moderate activity for E. coli,
except for compound 7.

Salmonella serovars cause very diverse clinical symptoms, from
asymptomatic infection to serious typhoid-like syndromes in in-
fants or certain highly susceptible animals [42,56,57]. It was
determined that many of the synthesized compounds and com-
plexes (4, 7, 8, 9,11, 4a, 4b, 5a, 5b) showed activity against S. typhi H.

The sodium and potassium complexes (4a, 5a, 4b, 5b) of
coumarin compounds showed a significant activity against Klebsi-
ella pneumonia; however 4 and 5 did not showed any activity
plex (7a) and 3-formylchromone.



Fig. 2. Antimicrobial activity of ligands (4-11) and complexes (4a, 4b, 5a and 5b) (diameter of zone inhibition (mm).
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against this bacteria. The potassium complexes (4b, 5b) were not
effective against S. aureus.

Systemic fungal infections, including those by Candida albicans
have emerged as important causes of morbidity and mortality in
immune compromised patient (Aids, cancer chemotherapy, organ
or bond transplantation) [56]. All synthesized ligands and com-
plexes showed best antimicrobial activity against Candida albicans
(Fig. S5). For coumarine compounds and alkali metal complexes,
the potassium complexes (4b, 5b) were more effective than ligands
(4, 5) and sodium complexes (4a, 5a). The chromone compounds
(6-11) showed good activity against Candida albicans. Three
electron-donor derivatives were prepared, containing methoxy,
ethoxy and propoxy. The antifungal test revealed that their activity
order was propoxy > ethoxy > methoxy for Candida albicans.
Chromones with the electron releasing groups the antifungal ac-
tivity increased while as the aryl proton is replaced with electron-
withdrawing group the antifungal activity decreased [58e61].

The antibacterial activity of these compounds was compared
with seven commercial antibiotics: Ampicillin, Nystatin, Kana-
mycin, Sulphamethoxazol and Amoxycillin (Fig. S6). The synthe-
sizes compounds were as effective as the antibiotics mentioned.
However, the all compounds and complexes had a greater effect on
yeast than antibiotics.
3.6. Photophysical study

The chemosensing properties of 4-11 were further investigated
by UVeVis. and fluorescence spectroscopy. The recognition be-
haviours of 4-11 towards various metal ions were investigated. The
absorption and emission spectra were recorded in a series of
additional metal nitrate concentrations in THF: EtOH (1:1, v/v) for
coumarin-crown ether compounds (4 and 5) and in EtOH for
chromone-crown ether compounds (6-11). In the absorption
spectra of compounds 4-11, no significant changewere observed for
all other cations except Fe3þ and Cu2þ.

The absorption spectra of compounds 4 and 5 reveal one band at
305 and 320 nm, respectively. The addition of Fe3þ and Cu2þ metal
ions led to the great increase of the original absorbance (Fig. 3).
Such absorbance change may be ascribed to the newly formed
complex and the absorption of Fe3þ and Cu2þ in the UVeVis region
[62].

To determine the selectivity range of compounds 4 and 5 toward
Fe3þ and Cu2þ metal ions, the titration experiment was conducted
(Figs. 4 and 5 for compound 4, Fig. S7 and Fig. S8 for compound 5).
Absorption of compounds (4 and 5) at 305 and 320 nm (molar
extinction coefficient ε ¼ 8120 M�1cm�1 and ε ¼ 13680 M�1cm�1)
increased with increasing Fe3þ and Cu2þ concentration.

Compounds 4 and 5 exhibited strong fluorescence emission at
387 nm in THF:EtOH (1:1, v/v) (Ffr ¼ 0,098 and Ffr ¼ 0,153,
respectively), (Rhodamine in THF:EtOH (1:1, v/v) was used as the
reference compound). Upon addition of Fe3þ and Cu2þ, the fluo-
rescence of 4 and 5was significantly quenched with the increase of
metal ion concentrations. When fluorescence compounds are co-
ordinated with metal ions, they do not show a shift in the emission
spectra but they show significant quenching or enhancement [63].
The quenched emission intensity is probably due to the complex of
Fe3þ and Cu2þ with compounds (4 and 5). Paramagnetic metal ions
such as Cu (II) and Fe (III) generally show fluorescence quenching
[4,64e66]. The quenching behaviour of Fe3þ and Cu2þ for 4 and 5
might be attributed to the reverse PET mechanism involving elec-
tron donating from the excited coumarin unit to the crown ether
unit. Thus, the coumarin group behave as an excited electron donor
and the crown ether group behave as an electron acceptor. The
reverse-PET sensor are fluorescent in the absence of metal cation
and cation binding induces an electron transfer from the fluo-
rophore to the receptor [57].



Fig. 3. Absorption spectra of coumarin-crown ether (4 and 5) (5 � 10�5 M), in the presence of the metal salts (M(NO3)n) (100 eq) in THF:EtOH (1:1, v/v).

Fig. 4. (A) Changes of absorption analysis of compound 4 in diffirent Fe3þ concentrations (0.5 mM-3.75 mM) (B) emission spectra of compound 4 on increasing addition of Fe3þ

solution (0.5 mM-3.75 mM) in THF:EtOH (1:1) (lex ¼ 251 nm).

Fig. 5. (A) Changes of absorption analysis of compound 4 in diffirent Cu2þ concentrations (0.5 mM-5 mM) (B) emission spectra of compound 4 on increasing addition of Cu2þ

solution (0.5 mM-5 mM) in THF:EtOH (1:1) (lex ¼ 251 nm).
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UVevisible spectroscopic measurements of chromone-crown
ether compounds (6-11) were detected in EtOH at ambient tem-
perature. All chromone-crown ether ligands (6-11) showed an ab-
sorption band at 397 nm (ε ¼ 18060 M�1cm�1, ε ¼19020 M�1cm�1,
ε ¼ 18060 M�1cm�1, ε ¼ 29060 M�1cm�1, ε ¼ 5560 M�1cm�1,
ε ¼ 15880 M�1cm�1, ε ¼16100 M�1cm�1, respectively). This peak is
due to the newly formed aminomethylene group and belongs to the
n-p* transition [68]. The addition of metal ions led to the great
increase and strongly hypsochromic-shift (Dl ¼ 97 nm for Fe3þ,
Dl ¼ 72 nm for Cu2þ) of the absorbance band (Fig. 6).
The titration experiments were performed to determine the

selectivity range of Fe3þ and Cu2þ metal ions of compounds 6-11
(Figs. 7 and 8 for compound 9, Figs. S9eS19 for compounds 6, 7, 8,
10 and 11). When Fe3þ and Cu2þ ions were added to the solutions of
6-11, the absorption band at 397 nm decreased and new bands
appeared. These new bans are caused by Fe3þ and Cu2þ complexes.
Compounds (6-11) exhibited weak fluorescence at the range of
360e376 nm in EtOH upon excitation at around 300 nm



Fig. 6. Absorption spectra of chromone-crown ether compounds (6 and 9) (5 � 10�5 M), in the presence of the metal salts (M(NO3)n) (100 eq) in EtOH.

Fig. 7. (A) Changes of absorption (0.5 mM-2.5 mM) in the diffirent Fe3þ concentrations (B) emission lex ¼ 300 nm spectra of compound 9 (5 � 10�5 M) on increasing addition of
Fe(NO3)3 solution (0.5 mM-5 mM) in EtOH.

Fig. 8. (A) Changes of absorption (0.5 mM-3.75 mM) in the diffirent Cu2þ concentrations (B) emission lex ¼ 300 nm spectra of compound 9 (5 � 10�5 M) on increasing addition of
Cu(NO3)2 solution (0.5 mM-3.75 mM) in EtOH.
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(Ffr ¼ 0,1426, Ffr ¼ 0,0891, Ffr ¼ 0,1608, Ffr ¼ 0,0946, Ffr ¼ 0,9493,
Ffr ¼ 0,0417, respectively, (Rhodamine in ethanol was used as
reference compound). The fluorescence of compounds 6-11 was
significantly quenched by the increase in metal ion (Fe3þ and Cu2þ)
concentrations and slightly shifted to blue. Coordination between
Fe3þ or Cu2þ and ligands may reduce the electron-donating ability
of the chromone group to the crown ether ring. This causes blue
shift in the spectrum, and the absorption density increases with
increasing Fe3þ and Cu2þ concentration. ICT sensors consist entirely
of conjugated p-systems and have an integrated receptor and flu-
orophore, in contrast to PET sensors with an electron donor part
separated by a spacer from the fluorophore [4]. Interactionwith the
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donating group, it should be noted that only a slight blue shift of the
absorption and emission spectra is observed in these cases
[67,69,70].

Binding constants were determined from titration studies of
Fe3þ and Cu2þ metal ions of compounds 4-11. The stability con-
stants of ionophore-metal ion complexes determined from the
Benesi-Hildebrand plot are shown in Fig. 9. These values calculated
from absorbance measurement are in agreement with binding
constant reported in literatüre [71e74]. The highest values for all
compounds (4-11) was obtained with Fe3þ in THF:EtOH (1:1, v/v)
and EtOH. These results show that compounds aremore selective to
Fe3þ metal ion.
4. Conclusions

In this study, coumarine and chromone substituted new benzo-
15-crown-5 ligands (4-11) and alkali metal (Naþ, Kþ) complexes
(4a-11a, 4b-11b) were synthesized and characterized by using
analytical and spectral techniques. Coumarine compounds (4 and
5) were prepared by the reaction of 40,50-bis(bromomethyl)-benzo-
15-crown-5 and hydroxycoumarine derivatives in basic media. Two
different series of chromone substituted crown ethers (6-8 and 9-
11) were synthesized by the condensation reactions of 4-amino-
benzo-15-crown-5 with 3-formylchromone and 6-methyl-3-
formylchromone in different solvent media. The chemosensing
behaviours of 4-11 was carried out using UVeVis and fluorescence
spectroscopy. Absorption intensity of coumarine compounds (4 and
5) increased with the addition of Fe3þ and Cu2þ, but fluorescence
was quenched. While a sharp blue shift was observed in the ab-
sorption spectrum of chromone compounds (6-11), a slight blue
shift and fluorescence quenching were observed in the fluores-
cence spectrum. The results indicates that chemosensors 4-11
could be used as a Fe3þ and Cu2þ selective fluorescent in the
presence of other competing ions. The synthesized compounds (4-
11, 4a, 5a, 4b, 5b) have been found to exhibit antibacterial and
antifungal activities at moderate to good levels both gram negative
and gram positive bacteria. The antimicrobial activity of these
compounds was also compared with commercial (standard) anti-
biotics. It was seen that the synthesized compounds were effective
as the antibiotics and antifungal mentioned. Synthesized com-
pounds and complexes (4-11, 4a, 5a, 4b, 5b) have been found to be
more effective than antibiotics and antifungal (C. albicans; all
compounds, 25e40 mm). As a result, synthesized compounds may
become potential candidates for the clinical trials.
Fig. 9. Linear regression curve for compound 7 and stability constant of metal ion
complexes of 4-11.
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from Duygu Şahin Gül and Hatice Ogutcu. All authors provided
critical feedback and helped shape the research, analysis and
manuscript.

Acknowledgements

The authors gratefully acknowledge the financial assistance of
the Scientific and Technical Research Council of Turkey (TUBITAK),
Grant No. TBAG 113Z523.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.molstruc.2019.127569.

References

[1] S.M. Sethna, N.M. Shah, The chemistry of coumarins, Chem. Rev. 36 (1945)
1e62, https://doi.org/10.1021/cr60113a001.

[2] H. Li, L. Cai, Z. Chen, Coumarin-derived fluorescent chemosensors, Adv. Chem.
Sens. 6 (2012) 121e150, https://doi.org/10.5772/33157.

[3] H. Li, L. Cai, J. Li, Y. Hu, P. Zhou, J. Zhang, Novel coumarin fluorescent dyes:
synthesis, structural characterization and recognition behavior towards Cu(II)
and Ni(II), Dyes Pigments 91 (2011) 309e316, https://doi.org/10.1016/
j.dyepig.2011.05.011.

[4] M. Formica, V. Fusi, L. Giorgi, M. Micheloni, New fluorescent chemosensors for
metal ions in solution, Coord. Chem. Rev. 256 (2012) 170e192, https://doi.org/
10.1016/j.ccr.2011.09.010.

[5] A.A. Esenpınar, A.R. €Ozkaya, M. Bulut, Synthesis and electrochemical proper-
ties of crown ether functionalized coumarin substituted cobalt and copper
phthalocyanines, J. Organomet. Chem. 696 (2011) 3873e3881, https://doi.org/
10.1016/j.jorganchem.2011.08.045.

[6] S. Stanchev, G. Momekov, F. Jensen, I. Manolov, Synthesis, computational
study and cytotoxic activity of new 4-hydroxycoumarin derivatives, Eur. J.
Med. Chem. 43 (2008) 694e706, https://doi.org/10.1016/
j.ejmech.2007.05.005.

[7] S. Serra, A. Chicca, G. Delogu, S. V�azquez-Rodríguez, L. Santana, Synthesis and
cytotoxic activity of non-naturally substituted 4-oxycoumarin derivatives,
Bioorg. Med. Chem. Lett 22 (2012) 5791e5794, https://doi.org/10.1016/
j.bmcl.2012.07.099.

[8] P. Kavitha, K.L. Reddy, Pd(II) complexes bearing chromone based Schiff bases:
synthesis, characterisation and biological activity studies, Arab. J. Chem. 9
(2016) 640e648, https://doi.org/10.1016/j.arabjc.2013.06.018.

[9] R.S. Keri, S. Budagumpi, R.K. Pai, R.G. Balakrishna, Chromones as a privileged
scaffold in drug discovery, Eur. J. Med. Chem. 78 (2014) 340e374, https://
doi.org/10.1016/j.ejmech.2014.03.047.

[10] A.D. Kulaczkowska, L. Mazur, Structural studies and characterization of 3-
formylchromone and products of its reactions with chosen primary aro-
matic amines, J. Mol. Struct. 985 (2011) 233e242, https://doi.org/10.1016/
j.molstruc.2010.10.049.

[11] M.A. Ibrahim, T. Ali, N.M. El-Gohary, A.N.M. El-Kazak, 3-Formylchromones as
diverse building blocks in heterocycles synthesis, Eur. J. Chem. 4 (2013)
311e328, https://doi.org/10.5155/eurjchem.4.3.311-328.815.

[12] B.D. Wang, Z.Y. Yang, D.D. Qin, Z.N. Chen, Synthesis, characterization, cyto-
toxic activity and DNA-binding properties of the Ln(III) complexes with eth-
ylenediiminobi(6-hydroxychromone-3-carbaldehyde) Schiff-base,
J. Photochem. Photobiol. A Chem. 194 (2008) 49, https://doi.org/10.1016/
j.jphotochem.2007.07.024.

[13] B.D. Wang, Z.Y. Yang, M.H. Lu, J. Hai, Q. Wang, Z.N. Chen, Synthesis, charac-
terization, cytotoxic activity and DNA binding Ni(II) complex with the 6-
hydroxy chromone-3-carbaldehyde thiosemicarbazone, J. Organomet. Chem.
694 (2009) 4069e4075, https://doi.org/10.1016/j.jorganchem.2009.08.024.

[14] B.D. Wang, Z.Y. Yang, T.R. Li, Synthesis, characterization, and DNA-binding
properties of the Ln(III) complexes with 6-hydroxy chromone-3-
carbaldehyde-(20-hydroxy) benzoyl hydrazone, Bioorg. Med. Chem. 14
(2006) 6012e6021, https://doi.org/10.1016/j.bmc.2006.05.015.

[15] T. Rosu, E. Pahontu, C. Maxim, R. Georgescu, N. Stanica, G.L. Almajan, A. Gulea,
Synthesis, characterization and antibacterial activity of some newcomplexes
of Cu(II), Ni(II), VO(II), Mn(II) with Schiff base derived from 4-amino-2,3-
dimethyl-1-phenyl-3-pyrazolin-5-one, Polyhedron 29 (2010) 757e766,
https://doi.org/10.1016/j.poly.2009.10.017.

[16] V.Y. Sasnovskikh, V.S. Moshkin, M.I. Kodess, A reinvestigation of the reactions

https://doi.org/10.1016/j.molstruc.2019.127569
https://doi.org/10.1021/cr60113a001
https://doi.org/10.5772/33157
https://doi.org/10.1016/j.dyepig.2011.05.011
https://doi.org/10.1016/j.dyepig.2011.05.011
https://doi.org/10.1016/j.ccr.2011.09.010
https://doi.org/10.1016/j.ccr.2011.09.010
https://doi.org/10.1016/j.jorganchem.2011.08.045
https://doi.org/10.1016/j.jorganchem.2011.08.045
https://doi.org/10.1016/j.ejmech.2007.05.005
https://doi.org/10.1016/j.ejmech.2007.05.005
https://doi.org/10.1016/j.bmcl.2012.07.099
https://doi.org/10.1016/j.bmcl.2012.07.099
https://doi.org/10.1016/j.arabjc.2013.06.018
https://doi.org/10.1016/j.ejmech.2014.03.047
https://doi.org/10.1016/j.ejmech.2014.03.047
https://doi.org/10.1016/j.molstruc.2010.10.049
https://doi.org/10.1016/j.molstruc.2010.10.049
https://doi.org/10.5155/eurjchem.4.3.311-328.815
https://doi.org/10.1016/j.jphotochem.2007.07.024
https://doi.org/10.1016/j.jphotochem.2007.07.024
https://doi.org/10.1016/j.jorganchem.2009.08.024
https://doi.org/10.1016/j.bmc.2006.05.015
https://doi.org/10.1016/j.poly.2009.10.017
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