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A B S T R A C T

A new coumarin-thiazole based Schiff base (Ligand, L) and its Pd(II), Pt(II) complexes; ([Pd(L)2] and [Pt(L)2]),
were synthesized and characterized using spectrophotometric techniques (NMR, IR, UV–vis, LC-MS), magnetic
moment, and conductivity measurements. A single crystal X-ray analysis for only L was done. The crystals of L
have monoclinic crystal system and P21/c space group. To gain insight into the structure of L and its complexes,
we used density functional theory (DFT) method to optimize the molecules. The photophysical properties
changes were observed after deprotonation of L with CN− via intermolecular charge transfer (ICT). Additionally,
as the sensor is a colorimetric and fluorimetric cyanide probe containing active sites such as coumarin-thiazole
and imine (CH = N), it showed fast color change from yellow to deep red in the visible region, and yellow
fluorescence after CN− addition to the imine bond, in DMSO. The reaction mechanisms of L with CN−, F− and
AcO− ions were evaluated using 1H NMR shifts. The results showed that, the reaction of L with CN− ion was due
to the deprotonation and addition mechanisms at the same time. The anti-cancer activity of L and its Pd(II) and
Pt(II) complexes were evaluated in vitro using MTT assay on the human cancer lines MCF-7 (human breast
adenocarcinoma), LS174T (human colon carcinoma), and LNCAP (human prostate adenocarcinoma). The anti-
cancer effects of L and its complexes, on human cells, were determined by comparing the half maximal in-
hibitory concentration (IC50) values. The activity results showed that, the Pd(II) complex of L has higher anti-
tumor effect than L and its Pt(II) complex against the tested human breast adenocarcinoma (MCF-7), human
prostate adenocarcinoma (LNCAP), and human colon carcinoma (LS174T) cell lines.

1. Introduction

The heterocyclic compounds bearing coumarin derivatives have
importance in organic and medicinal chemistry for many years, as a
large number of natural products [1]. They are generally used as food
additives, perfumes, cosmetics, pharmaceuticals [2], optical bright-
eners [3], fluorescent and laser dyes [4]. Coumarin derivatives have
anti-coagulant effect and some coumarin drugs (warfarin and aceno-
coumarol) have wide usage as anticoagulants [5,6]. Especially, their
physiological, anti-bacterial and anti-tumor activities make them vital
therapeutic drugs for further medical treatments. Weber has reported

that, coumarin and its metabolite nomenclatured as 7-hydro-
xycoumarin have anti-tumor activities against some human tumor cells
[7]. Coumarin derivatives are potent tumor inhibitors of cellular pro-
liferation in various cancer types [8–10]. In addition, it has been re-
ported that, 4-hydroxycoumarin and 7-hydroxycoumarin inhibit the
cell growth in gastric carcinoma cell line [11]. The heterocyclic com-
pounds containing coumarin-thiazole hybrid system exhibit enhanced
antimicrobial activities against different pathogens [12], including
Mycobacterium tuberculosis [13] and Helicobacter pylori [14]. It is known
that, such compounds have also good anti-cancer, anti-inflammatory,
anti-analgesic, and anti-cholinesterase activity [15–17]. Moreover
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Schiff bases containing coumarin-thiazole moiety are expected to have
strong antitumor and other biological activites [18–20]. In addition,
metal complexes of coumarin derivatives showed significant antitumor
[21], antimicrobial activity [22,23] and anticoagulant activity [24].

Transition metal complexes as antitumor agents have been ex-
tensively used following the success of cis-platin. Recently, cis-platin
has been identified as one of the most widely used antitumor drugs in
the world, high effectivity for testicular and ovarian cancers, in the
treatment of oropharyngeal, bronchogenic, cervical, and bladder car-
cinoma species [25]. Platinum complexes are clinically used to aid the
inducement of cancer cells death. However, despite the positive effects
of platinum compounds in killing cancer cells, they have also toxic ef-
fects [26]. To overcome these disadvantages, thousands of platinum
complexes were synthesized and tested for their anticancer activities
[27–29]. Organonitrile Pt(II) complexes and cis- and trans-[PtCl2-
(NCR)2] (R =Me, Ph) were synthesized for promising Pt(II)-based
cancer drugs. The cytotoxic properties of these Pt(II) complexes were
evaluated with respect to cell growth inhibition against different types
of human cancer cell lines [30]. Among the non-platinum compounds
being used for cancer treatment, Palladium (II) derivatives have anti-
tumor activity as much as the cis-platin drug, while they exhibit less
kidney toxicity [31,32]. Therefore, new Palladium complexes that can
be promising for the development of novel and advanced che-
motherapic agents are in need. There are many structural similarities
between Palladium and Platinum complexes relative to their biological
effects as antitumor drugs [33]. The comparisons between these two
metal complexes in terms of their cytotoxic activities are oftentimes
made. The chemotherapeutic activities of various Palladium and Pla-
tinum complexes have been compared against different cancer cells and
it was reported that Palladium complexes were more effective [34].

In our previous study, we reported the anion selectivity and sensi-
tivity study of chemosensor based coumarin-thiazole containing Schiff
base. And also we synthesized its Pt(II) and Pd(II) complexes [35]. In
current study, we report new Schiff base (L) bearing coumarin-thiazole
hybrid and its Pt(II)/Pd(II) complexes, which have been synthesized
and characterized by using spectrometric techniques such as NMR, IR,
LC–MS, UV–vis, magnetic moment, molar conductivity, as well as X-ray
diffraction method. The chemosensing performance of L towards some
anions was intestigated by using spectroscopic methods. The anticancer
activities of all the synthesized compounds were evaluated on MCF-7,
LNCAP, LS174T cell lines by comparing with the IC50 values. The DFT
and TD-DFT calculations were performed to get more information and
support the experimental results.

2. Experimental

2.1. Materials and Methods

Reagents, anions and solvents used in all steps of the synthesis and
measurements were procured from Sigma Aldrich USA, and used as
commercial grade without further purification. All reaction products
were controlled by TLC using Merck silica gel (60 F254) plates
(0.25 mm) and UV light. Infrared spectra were recorded on a Mattson
1000 FT-IR spectrophotometer. Nuclear magnetic resonance (1H/13C
NMR/anion titration) spectra were recorded on a Bruker Ultrashield
300 MHz NMR spectrometer. UV–vis absorption spectra were recorded
on an Analytikjena Specord 200 Spectrophotometer. Flourescence
properties were investigated by using HITACHI F-7000 FL
Spectrofluorophotometer. All melting points were measured by
Electrothermal 9200 melting point apparatus. LC-MS spectra was taken
with Waters LCT Premier XE (LC-MS) mass spectrometer (Ankara
University, Laboratories, Department of Pharmacological Sciences,
Turkey). The magnetic moments of metal complexes were measured on
powdered samples using Gouy method. To determine the ionic nature
of the complexes, the molar conductivities were measured by Siemens
WPA CM 35 conductometer. The cytotoxic effects of synthesized

compounds against human cancer cells (breast, prostate and colon
carcinoma) were analyzed by MTT assay method [36].

2.2. Synthesis of Ligand (L)

L having modified coumarin with thiazole ring were synthesized by
using our previous method [35].

To a mixture of 2-amino-4-(3-coumarinyl)thiazole (15 mmol,
0.36 g) and 2-hydroxy-5-methylbenzaldehyde (15 mmol, 0.204 g) in
30 mL of ethanol, 3–5 drops of piperidine were added to the reaction
mixture and refluxed for 6 h. The crude yellow product was washed
with water and ethanol, and dried in in vacuum. The dark yellow
crystals were isolated from ethanol-acetic acid mixture, and was col-
lected in 65% yield (0.335 g); m.p: 211 °C; FT-IR (KBr, cm−1): 3046
(Arom. CeH), 2922 (Aliph. CeH), 1714 (C]O, lactone), 1605 (C]C),
1564 (C]N) 1272 (CeO); 1H NMR (DMSO‑d6, 300 MHz) δ: 11.25 (s,
1H); 9.33 (s, 1H); 8.86 (s; 1H); 8.35 (s, 1H); 7.98 (dd, J: 1.3, 7.95 Hz,
1H); 7.70 (dt, J: 1.5, 8.5 Hz, 1H); 7.66 (d, J: 6.6, 1H); 7.63 (t, J: 7.7,
1H); 7.43 (s, 1H); 7.31 (dd, J:1.3, 8.1, 1H); 6.65 (t, J:8.0, 1H); 2.40 (s,
3H); 13C NMR (DMSO‑d6, 100 MHz) δ: 171.1; 167.8; 164.6; 153.1;
153.0; 150.0; 146.2; 146.2; 138.6; 137.7; 136.5; 132.6; 129.6; 125.3;
120.5; 119.6; 117.6; 116.4; 109.2; 20.2. LC-MS ES+, m/z = 363.0811.

2.3. Synthesis of PdL2 and PtL2 Complexes

To a heated solution of L (1 mmol) in 25 mL of ethanol, metal
chlorides (Na2PdCl4 and K2PtCl4) (0.5 mmol) in 2 mL of water were
added dropwise in 1:2 (M:L) molar ratio in basic media (with NaOH).
The reaction mixtures were refluxed for two days on magnetic stirrer.
The resulting pale brown precipitate were washed with water/ethanol/
ether and left in glass oven at 150 °C for a 2 h in vacuum and left in a
desiccator over CaCl2 to prevent hydration and kept dried. Yield: 63%
(Pd(II) complex), Yield: 40% (Pt(II) complex). Pd(L)2: FT-IR (KBr, cm-
1): 3046 (Arom. CeH), 2922 (Aliph. CeH), 1716 (C]O, lactone), 1605
(C]C), 1535 (C]N) 1249 (CeO). Pt(L)2: FT-IR (KBr, cm-1): 3046
(Arom. CeH), 2923 (Aliph. CeH), 1716 (C]O, lactone), 1697(C]C),
1570 (C]N) 1258 (CeO).

2.4. UV–vis and Fluorimetric Studies of L with Different Anions

2.4.1. UV–vis and Fluorimetric Titration
L (0.0036 mg, 1 × 10−5 mol) was dissolved in DMSO (1 mL,

1 × 10−2 M), and 1 × 10−2 M of L were diluted to 1 × 10−3 M.
Tetrabutylammonium (TBA) salts of each of the anions (TBAX) (1 mol)
was dissolved in DMSO (1 mL, 1 × 10−2 M). 60 μL of L and 1940 μL
DMSO (For fluorimetric titration, thus, 20 μL of L (1 × 10−3 M) and
1980 μL DMSO were taken) were measured and poured into the glass
cell for the final concentration of 3 × 10−5 M. 2–40 μL of TBA solution
(1 × 10−2) were added to each L solution (3 × 10−5) prepared above,
into the glass cell. After shaking for a short time, UV–vis spectra were
taken at room temperature (25 °C). TBA salts of Cl−, Br−, I−, CN−,
OAc−, H2PO4

−, NO3
−, HSO4

− and F− (1 × 10−2) were dissolved in
1 mL of DMSO. In this experimental part, all changes in UV–vis and
emission spectra of L were detected during each TBA salt additions,
while the concentration of L was fixed at 3 × 10−5 M for UV–vis ti-
tration, and 1 × 10−5 M for fluorimetric titration.

2.4.2. 1H NMR Titration
For 1H NMR titrations, two stock solutions were prepared in

DMSO‑d6, one containing L (1 × 10−2 M) only, and the other con-
taining an appropriate concentration of each of the following ions, F−,
AcO− and CN− (1 M). Aliquots of the two solutions were mixed di-
rectly in NMR tubes. The NMR sample temperature was kept at 25 °C.
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2.5. X-Ray Diffraction Method

The crystal structure of L was evaluated by Bruker D8 VENTURE
diffractometer equipped with PHOTON100 detector using graphite
monochromated Mo-Kα radiation (λ = 0.71073 Å) and scanned with
1.0° Φ-rotation frames at 100 Kelvin using Bruker Kryoflex II cooling
attachment. The crystal structure was determined by intrinsic method
SHELXS-1997 (Sheldrick, 1997) [37] and refined SHELXL-2014/7
(Sheldrick, 2008) [38]. Molecular drawings were generated using
OLEX2. Ver. 1.2-dev [39]. The single crystal and instrumental para-
meters, further details on data collection and refinements are exhibited
in the supporting information file. CCDC 1472133 contains the sup-
plementary crystal data of L for this paper.

2.6. Theoretical Calculations for L and its Metal Complexes

All theoretical studies were computed with the Gaussian 09 pro-
gram package [40] at the B3LYP computational level [41,42]. The in-
itial geometry of the molecule was obtained from X-ray results and
optimized in gas phase using the 6–311 + G(d,p) basis set, without
including any symmetry constraints. In the calculations, LANL2DZ basis
set was used for Pd(II)/Pt(II) complexes, whereas the 6–311 + G(d,p)
basis set for Schiff base. 1H NMR shifts were computed by the gauge
including atomic orbital (GIAO) method at B3LYP/6311 + G(d,p)
[43,44] in DMSO. The relative chemical shifts were obtained according
to the general expression δcald. = δTMS-δ, where δTMS shows the values
of the corresponding tetramethylsilane (TMS) hydrogens shielding
calculated at the same theoretical level.

2.7. In Vitro Cytotoxicity Testing

All the human cancer cells were purchased from American type cell
collection (ATTC). LNCap (human prostate cancer) line were preserved
in RPMI 1640 medium. LS174T (human colon carcinoma) and MCF-7
(breast cancer) cell lines were cultured in Dulbecco's modified Eagle's
media and were supplemented with 10% fetal bovine serum, 2% pe-
nicillin/streptomycin. The cells were cultured at 37 °C in CO2 in-
cubator. The stock solution was prepared in DMSO. Shortly, the cells
were seeded into 96-well plate for 24 h before treatment with various
concentration (1, 5, 25, 50 and 100 μg/mL) of the compounds. After
incubation for 24 h, the MTT cytotoxicity assay was performed as de-
scribed previously in our studies [45]. The assay was performed using
1% DMSO as a vehicle control.

3. Results and Discussion

In this study, multi-dentate Schiff base (L) bearing coumarin unit
and its Palladium(II) and Platinum(II) complexes have been obtained
for the first time (Scheme 1). The structure of L and its metal complexes
were evaluated by well-known spectroscopic technique (FT-IR, 1H/13C
NMR and LC-MS), magnetic moment and molar conductivity studies
(Supporting Information Figs. S1–4). The crystal structure and

intermolecular interaction of L was clarified by X-ray diffraction
method (Figs. 1, 2; Tables 1, 2 and Fig. S5, Table S1 in Supporting
Information).

The metal complexes are stable at room condition in solid phase and
their melting points are just over 250 °C. The lower molar con-
ductivities of the complexes proves their non-electrolytic nature. As a
result, metal complexes are supposed to have the general formula as
[ML2], where M: Pt(II) and Pd(II).

3.1. Crystal Structure Analysis of L

The single crystal of L with dimensions 0.05 × 0.08 × 0.4 mm was
obtained by slow evaporation of the solvent (EtOH). Single crystal data
of L are exhibited in Table 1. ORTEP drawings with atomic numbers are
given in Fig. 1. Fig. S5 shows the packing motif of L in supporting in-
formation. The plot correspond to thermal ellipsoids has the 50%
probability level. Interactions via hydrogen bonding are summarized in
Table 2. Selected bond lengths, bond and torsion angles of the Schiff
base are given in Table S1 (See supporting information).

The molecule is stabilized by both intramolecular and inter-
molecular hydrogen bondings. The intramolecular bonding occurs be-
tween imine nitrogen and hydroxyl proton with a 1.870 Å distance and
148.6° angle. The intermolecular bonding occurs between double
bonded oxygen of coumarin unit and proton attached to carbon of
thiazole unit with a 2.571 Å distance and 143.20° angle. As expected,
the coumarin moiety is nearly planar; the displacements of all ten atoms
contained in the ring are< 0.022(16) Å from the least-squares plane.
The thiazole ring is also planar and forms a torsion angle of 14.74° with
the coumarin plane. The phenolic unit attached to the thiazole ring is
twisted out of this ring plane with the torsion angle of 179.22°(1) for
C8eN2eC9eC10 and makes a dihedral angle of 19.97° with the thia-
zole ring. The torsion angle between the phenol and the coumarin ring
plane is 33.67. The C9eN2 [1.298(2) Å], C20eO3 [1.208(2) Å],
C20eO2 [1.383(1) Å] and C19eO2 [1.379(2) Å] bond lengths are
consistent with the double and single bond character expected in the
imine and coumarin units [46–48]. A close C17eH10…O3 contact of
2.571(1) Å can be regarded as a strong intermolecular hydrogen bond.
These contacts generate infinite chains along a-axis. The packing of the
molecules exhibited layered stacking when viewed down the b-axis.

3.2. The Structural Characterization

3.2.1. Infrared Spectra
Infrared spectra of L (Supporting Information Fig. S1) and its

complexes (Supporting Information Figs. S6 and S7) were recorded in
KBr pellets. The selected frequencies belonging to functional groups
were compared to find chelalation modes. The spectrum of ligand (L)
exhibited sharp vibration band at 3417 cm−1 which belongs to phe-
nolic ν(OeH). The vibration bands at 1738 cm−1, 1589 cm−1,
1235 cm−1 and 1150 cm−1 correspond to lactone v(C]O), imine
ν(C]N), phenolic ν(CeO), and lactone vasym (CeOeC) stretching vi-
brations were found, respectively. In complexes, imine vibration ν(C]
N) was observed between 1535 and 1570 cm−1 which shows shifting to

Scheme 1. Synthetic pathway of chemosensor L and its metal complexes.
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the lower frequencies by the coordination through imine-N (N→ M)
[49,50]. The ligands also display band at 1235 cm−1 which belongs to
phenolic ν(CeO) vibrations. This frequency is strongly shifted to higher
wave number (1249 cm−1 for Pd complex and 1258 cm−1 for Pt
complex) by coordination through the phenolic-CO of the coumarin-
thiazole Schiff base [51].

Coordination through oxygen and nitrogen atoms with metal ion is
supported by the formation of new streching bands, (MeO) and
ν(MeN) in the ranges 550–600 cm−1 and 450–530 cm−1, respectively
[49]. But, the vibration frequencies of v(C]O) and vasym(CeOeC)
belonging to the lactone ring in ligand (L) remain almost the same after
chelation, thus it can be supposed that the lactone oxygen is not in-
volved in chelation with the metal ion.

3.2.2. 1H NMR Titration
1H/13C NMR spectra of L were recorded in DMSO‑d6 using tetra-

methylsilane (TMS). 1H NMR shifts were calculated by the gauge in-
cluding atomic orbital (GIAO) method at B3LYP/6311 + G (d,p)
[43,44] in DMSO. The experimental and calculated 1H NMR shifts in
DMSO‑d6 are listed in Table 3 and Fig. 3.

The CH3 carbon on the phenol ring are easily distinguishable as a
singlet, and they are observed at 2.28 ppm, and corresponding calcu-
lation value is 2.34 ppm. The phenyl protons (Hb, Hc, and Hd) are
observed at 7.70, 7.30, and 6.93 ppm, and the corresponding

calculation values are 7.55 ppm, 7.64 ppm, and 7.13 ppm, respectively.
The thiazole proton (He, one H intensities) and coumarin ring proton
(Hf) are distinguishable as a singlet, and they are observed at 8.35 ppm
and 8.86 ppm, and the corresponding calculation values are 8.75 ppm
and 9.24 ppm, respectively. The imine proton (Ha, one H intensities) is
observed at 9.33 ppm which is attributed to the –C]N-H proton, and
the corresponding calculation value is 9.93 ppm. Also OH proton is
observed at 11.30 ppm and corresponding calculation value is
12.51 ppm.

In addition, the calculated 1H NMR chemical shifts for L and L-CN−

adduct, after nuclephilic addition process, are given in Table 3 with the
corresponding experimental values, and also 1H NMR spectra of L and
L-CN− adduct after nuclephilic addition process are presented in Fig. 3.
Since the experimental 1H chemical shift values were not available for
individual hydrogen, the average values for CH3 hydrogen atoms are
presented. Correlation coefficients of 1H NMR were estimated as 0.945
for L and 0.985 for L-CN− from the linear correlations between cal-
culated and experimental data of 1H NMR. It is seen that, the theoretical
results are in good agreement with the experimental values. The de-
viation between experimental and calculated values is 0.24 ppm for
imine proton (HC = N) after the addition of CN− to imine carbon.

Within the addition of CN−, while the ligand signal began to shift to
upper field and the intensities decreased, new signals began to appear
(Fig. 3). Upon addition of 1 equiv. of CN−, the imine (Ha) proton lost

Fig. 1. ORTEP view of L, thermal ellipsoids are shown at
the 50% probability level.

Fig. 2. Intermolecular hydrogen bonding of L is
shown as a red dashed line. (For interpretation of the
references to color in this figure legend, the reader is
referred to the web version of this article.)
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and its intensity shifted slightly upperfield and new signal (Ha′) at
5.69 ppm appeared, which was expected with the addition of cyanide to
imine carbon. Spectrum showed that, at the end of the titration, de-
protonated L was also at present, even at low concentration. This result

also supports the mechanisms of nucleophilic addition of cyanide at
imine nitrogen and deprotonation mechanism of phenolic hydrogen
and they occurred at the same time in NMR titration (Scheme 2) [35].

Also, to confirm this mechanism/assumption, proton NMR titrations
were carried out with F−, AcO− and CN− anions in DMSO‑d6 solution
(Supporting Information Figs. S8 and S9). Addition of F− and AcO−

anions caused the signals to shift upperfield, as expected, which is due
to an overall change in the electron distribution in the conjugated
system. By adding both 1 equiv. of F− and AcO− anions, the OH signal
disappeared (Scheme 2). The titration continued till the addition of 4
equiv. of both anions (F- and AcO-), and the changes of the chemical
shifts is given in Table 4.

In the 13C NMR spectra for L: the CH3 carbon on the phenol ring,
C]N carbon of L, phenolic HO-C carbon, CeO carbon of coumarin ring,
and the C]O carbon of coumarin ring, were observed at 20.26 ppm,
164.53 ppm, 159.30 ppm, 158.71 ppm 167.88 ppm, respectively.

3.2.3. Mass Spectra
The electron impact mass spectrum of all synthesized compounds

were recorded at 70 eV. LC–MS data of all compounds are presented in
Table 5 and Figs S10, 11 (Supporting Information).

Mass spectra of L show the molecular ion peak, [M + H]+ at m/
z = 363.08 (%100) as the main peak, calc. mass for
C20H14N2O3S = 362.40 and the fragmentation peak corresponding to
coumarin-thiazole (C12H6O2NS) group at 245.03(%5), respectively.
Molecular ion peak of metal complexes, [M + NH4]+ and [M+ 2H]+

at m/z (intensity %), at 832 (10%) and 936 (5%) corresponding to
[PdL2 + NH4]+ and [PtL2 + 2H]+ were observed. PdL2 gives mass
fragments correspond to [PdL + H] at 469.30 (%30), [PdL-2CO]+ at
406.01 (%100) as the main peak, respectively. PtL2 gives fragments
correspond to [(PtL2 + NH4)− (Coumarin, C9H5O2) –C2H4]+ at 703.00
(%85), [PtL-CH3]+ at 541.14 (%5), [L + 3H]+ at 366.00 (%9), [CT]+

and at 245.03(%100) as the main peak, respectively.

3.2.4. Electronic Spectra and Magnetic Behavior
The electronic spectra of L and its M(II) complexes were studied in

10−3 M solutions and DMSO was used as the solvent. L has two bands
at 350 nm and 386 nm which correspond to π → π* and n → π* tran-
sitions. In the electronic spectrum of the metal complexes, there are two
electronic transition bands between 420 and 440 nm which correspond
to the spin allowed 1A1g →

1B1g transition of square planar geometry.
Pd(II) and Pt(II) complexes have electronic transition bands between
420 and 498 nm, which may be assigned to a square-planar geometry
for metal complexes [35]. The room temperature magnetic moments for
the two complexes, namely, [PtL2] and [PdL2] were measured and the
values obtained were 0.10 B.M., 0.12 B.M., respectively. These values
correspond to paired electron, suggesting diamagnetic character for the
Pt(II) and Pd(II) complexes in square-planar geometry.

3.3. Anion Sensing Performance of L by UV–vis and Fluorimetric Titrations

As it's known, Schiff bases derived from aldehyde derivatives con-
taining hydroxy group has tautomerization between phenol-imine and
ketoamine forms due to the formation of O-H⋯N and O⋯H-N type
hydrogen bonds. Chemosensor L has two absorption band at 350 nm
and 386 nm as a result of the tautomerization.

The interaction of L with selected anions was investigated by using
UV–vis and fluorescence spectroscopy. Anion titration studies were
performed by adding standard volume of tetrabutylammonium (TBA)
salt solutions of the various anions (F−, Cl−, Br−, I−, AcO−, CN−,
H2PO4

−, HSO4
−, and NO3

−) to the solution of ligand (L) as shown in
Fig. 4.

Absorption and emission maximum of L was observed at 345 nm
and 510 nm in DMSO, respectively. While absorption band which was
seen in 345 nm, decreased gradually upon addition of 14 equiv. of F−,
AcO− and CN−, to the solution of L and a new absorption band at

Table 1
Crystal data and structure refinement parameters for L.

L

Empirical formula C20H14N2O3S
Formula weight 362.39
T(K) 100
λ(Å) 0.71073
Crystal system

Space group
Triclinic
P-1

Unit cell dimensions: (Å, °)
a 7.9942(13)
b 8.8258(16)
c 13.186(2)
V(Å3) 827.7(3)
α 73.202(7)
β 85.684(7)
γ 68.424(7)
Z 2
Absorption coefficient (mm−1) 0.219
Dcalc (g/cm3) 1.454
F(000) 376
Crystal size (mm) 0.05 × 0.08 × 0.4
θ range for data collection (°) 2.59 to 27.45
Index ranges −10≤ h ≤ 10

−11 ≤ k≤ 11
−17 ≤ l ≤ 16

Reflections collected 29,181
Independent reflections

Coverage of independent reflections (%)
3772
99.7

Data/parameters 3772/239
Max. and min. transmission 0.989/0.9170
Final R indices [I≥ 2σ(I)] R1 = 0.0332

wR2 = 0.0853
R indices (all data) R1 = 0.0398

wR2 = 0.0903
Goodness-of-fit on F2 1.036
Largest difference in peak and hole (e Å−3) 0.365/−0.230

Table 2
Hydrogen-bond geometry (Å, °) for L.

Donor–Hydrogen…Acceptor D–H [Å] H–A [Å] D–A [Å] D–H–A

O1eH4…N2 0.86 1.870 2.647 148.60°
C14eH3…O3 0.95 2.571 3.519 143.20°

Table 3
Comparison of calculated, experimental and after the addition of CN− anion values of 1H
NMR chemical shifts (ppm) relative to TMS in DMSO for the L.

1H NMR

Assign. L After the addition of CN−

δ(exp.) δ(calc.)a δ(exp.) δ(calc.)a

CH3 2.28 (s,3H) 2.34 2.15 (s,3H) 2.23
CHar 6.93 (d, 1H) (Hd)

7.30 (dd, 1H) (Hc)
7.41 (t, 1H),
7.47 (d, 1H),
7.68 (dd, 1H)
7.70 (d, 1H) (Hb)
7.96 (dd, 1H)
8.35 (s, 1H) (He)
8.86 (s, 1H) (Hf)

7.13
7.64
7.66
7.65
7.91
7.55
8.06
8.75
9.24

6.47(d, 1H) (Hc)
6.80(d, 1H) (Hd)
7.01(s, 1H) (Hb)
7.40(m, 2H)
7.61(T, 1H)
7.88(d, 1H)

8.67(s.1H) (Hf)

7.27
6.72
7.08
7.66
7.89
8.06
9.26

HC]N 9,33 (s, 1H) (Ha) 9.93 5.69(Aliphatic) (Ha) 5.93
OH 11,30 (s, 1H) 12.51 12.64
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Fig. 3. Partial 1H NMR (300 MHz) spectra obtained via titrations of L (1 × 10−2 M) with TBACN solution in DMSO‑d6.

Scheme 2. A proposed binding mode of L in the pre-
sence of studied anions.

Table 4
Chemical shift values of chemosensor L and after adding 4 equiv. of F− and OAc− anions.

L (in ppm) L + TBAF Δδ L + TBAOAc Δδ

Ha 9.33 9.05 +0.28 9.29 +0.04
Hb 7.70 7.35 +0.25 7.59 +0.11
Hc 7.30 6.46 +0.84 7.06 +0.24
Hd 6.93 6.13 +0.80 6.73 +0.20
He 8.35 7.98 +0.37 8.19 +0.16
Hf 8.86 8.79 +0.07 8.83 +0.03
CH3 2.28 2.04 +0.24 2.18 +0.10

Table 5
The mass spectral data of Coumarine thiazole L and its complexes.

Compounds MW Relative intensities of ligand and complexes (m/z, %) and
assignment

L 362.40 [M + H]+ (363.08%100), [CT]+ (245.03, %5)
PdL2 829.22 [M + 2H]+ (833.00%10), [PdL + H]+ (469.30, %30),[PdL-

2CO]+ (406.01, %100)
PtL2 917.01 [M + NH4]+ (936.05, %5), [(M + NH4)-Cou-C2H4]+

(703.00, %85), [PtL-CH3]+ (541.14, %5), [L
+ 3H]+(366.00, %9), [CT]+ (245.03, %100)

CT = Coumarin-thiazole.
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517 nm was created,
The observed bathochromic shift in UV–vis spectra, with addition of

F−, AcO− and CN− to receptor in DMSO, is due to ICT after deproto-
nation of the phenolic proton. In addition, the significantly enhanced
fluorescent intensity was due to the addition of only CN−. Cyanide has
both basic and nucleophilic properties and has much weaker hydrogen
bonding ability in comparison with F− and AcO−. Therefore, it was
probably caused by the nucleophilic addition of CN− to the imine
functional group of L to afford a chemosensor L-CN adduct (Figs. 5, and
6). As expected, other anions such as Cl−, Br−, I−, NO3

−, HSO4
−

and H2PO4
− did not cause any significant changes in their absorption

and emission spectra.
Visual confirmation was also investigated by the real color photo-

graphs of solution of chemosensor L and upon addition of the anions
(Fig. 7). Photos showed chemosensor L displayed a color change from

light yellow to deep red upon addition of CN−, whereas a light yellow-
to-red color change was observed in the case of F− and AcO−. The
result indicates that, chemosensor L can serve as a naked-eye indicator.
More importantly under UV light, only addition of CN− to chemosensor
L gave an orange fluorescence. No significant color or emission changes
were observed by the naked eye and under portable UV lamp, upon the
addition of the other anions.

3.4. Theoretical Results

3.4.1. Theoretical Calculations for Determination of Sensing Mechanism
Between L and Anions

In order to confirm the nucleophilic addition of CN− to L, the
geometrical optimizations and 1H NMR chemical shifts were obtained.
The optimized structures of L, L-F−, L-AcO− and L-CN− are shown in

Fig. 4. Absorption spectra of probe L (3.0 × 10−5 M)
upon addition of 1 equiv. of studied anions in DMSO.

a

350 400 450 500 550 600

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

A
b

s
o

r
b

a
n

s
 (

a
.u

.)

λ (nm)

b

350 400 450 500 550 600

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

A
b

s
o

r
b

a
n

s
 (

a
.u

.)

λ (nm)

c

350 400 450 500 550 600

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

A
b

s
o

r
b

a
n

s
 (

a
.u

.)

λ (nm)

Fig. 5. UV–vis absorption spectral changes of L (3.0 × 10−5 M) upon addition of 14 equiv. of fluoride (a), acetate (b) and cyanide (c) anions in DMSO.
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Fig. 6. Fluorescence spectra of L (1.0 × 10−5 M) upon addition of 14 equiv. of fluoride (a), acetate (b) and cyanide (c) anions in DMSO.
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Fig. S12 (Supporting Information). For L, the dihedral angle of C17-C7-
C6-C5 and C10-C9-N2-C8 is 180.0°, which indicates that L is completely
planar. The atomic numbers are given in Fig. 2. As a result of this
planarity, π-conjugation was provided and hence intermolecular charge
transfer (ICT) occurs from the phenolic part to the thiazole moieties.
There are only small changes in the dihedral values between the thia-
zole and phenolic moieties, as 3.46° and 4.63°, upon deprotonation of L
with F− and AcO−, respectively (Supporting Information Fig. 12 b and
c). According to these small changes, as a red shift was observed in the
absorption spectrum, it means that an ICT process exists. In other
words, after the nucleophilic addition of CN− to L, the planarity is
distorted and the dihedral angles of C17-C7-C6-C5 and C10-C9-N2-C8
became 175.75° and −160.89°, respectively. Due to the distortion of
planarity, the π-conjugation between the phenolic and thiazole-cou-
marin moieties was not provided. As a result, there could be a blocking
ICT process relative to L, which can be a reason for the changes in
absorption and emission spectra.

3.4.2. Calculations for Pt (II) and Pd(II) Complexes
The optimized structure and FMOs (HOMO and LUMO) were illu-

strated in Fig. 8.
The highest occupied and lowest unoccupied molecular orbitals

(FMOs:HOMO and LUMO) energy levels have importance on the de-
termination of chemical reactivity of molecules [52–54] and the orbital
density surfaces around the atoms indicate biologically active sites of
the compounds. The lower LUMO energy and also lower energy gap
(ΔELUMO–HOMO) affect the binding activities of the molecules to DNA
helix as receptor [55]. In general, the lower negative FMOs energies
indicate that the prepared Schiff base and its complexes may be sig-
nificant compounds for drug metabolism as oxidant and reductant.
Dipole moment as well as the components of FMOs play an important
role in biological activities. The decrease in dipole moment can be used
to reasonably explain the rise of the biological activities of the com-
pounds.

The obtained energy values of HOMO and LUMO levels, their en-
ergy band gaps (ΔE = ELUMO-EHOMO), and the dipole moments (μ) are
listed in Table 6. The calculated dipole moments of ligand and their
complexes are μL = 6.2134 D for L, μ[PdL2] = 0.0154 D for [PdL2]
complex and μ[PtL2] = 0.0008 D for [PtL2] complex. Also, the FMOs
energy gaps of ligand and complexes are ΔE = 3.402 eV
(ELUMO = −2.6142 eV) for L, ΔE = 3.226 eV (ELUMO =−2.0724 eV)
for [PdL2] complex, and ΔE = 3.071 eV (ELUMO = −2.0980 eV) for
[PtL2] complex, respectively. The correlations between FMO and the
dipole moment values with respect to anticancer activities show that,
Pd(II) and Pt(II) complexes are more active than a free ligand. The
FMOs have the highest orbital densities around phenolic unit and imine
(C = N) part, which are responsible for biological activities of the
molecules.

3.4.3. Molecular Electrostatic Potential Maps (MEPs)
The molecular electrostatic potential maps (MEPs) of L and its

complexes are given in Fig. S13 (Supporting Information). The MEPs
provide information about charge density distributions, chemically re-
active sites and electrophilic interactions with biological systems
[56,57]. The FMOs (HOMO and LUMO) and molecular electrostatic

potentials maps (MEPs) are employed to understand the reactive sites
which are responsible for biological activities. The positive electrostatic
potential surfaces, colored in blue, refer to repulsion of the proton by
atomic nuclei in the lower electron density regions. The negative re-
gions colored in shades of red are regarded as nucleophilic sites
whereas positive regions (in blue color) as electrophilic centers
[58–61]. The MEP analysis of our compounds reveals that, negative
potentials (red regions) are concentrated on O atom of phenolic group
and also lactone sites moieties. The oxygen atom on phenol ring is
supposed as most active sites to interact with biological molecules.

3.5. In Vitro Antitumor Activity

There are a lot of reports about cytotoxicity levels depending on the
structural differences of the platinum complexes [62,63]. The different
cytotoxicity levels depend on the molecular structure and cell lines. It
has been observed that, metal complexes interact with DNA helix by
noncovalent intercalation, groove or outer electrostatic binding [21].
The metal complexes are bounded to DNA helix by a series of weak π-
stacking interactions between the base pairs (intercalation), hydrogen
bonding and van der Waals interactions [64].

It is well known that, the palladium complexes were selected due to
their structural and thermodynamic similarities with Platinum com-
plexes, as well as being cost effective. These make Pd(II) complexes the
preferred compounds in search of new potential anti-cancer drugs.
However, Pd(II) derivatives generally show higher toxicity and lower
anti-cancer activity because of the lability, which enhances quick access
to biological target and rapid interference with essential biochemical
processes. Up to now, many mono-, di-, or polynuclear palladium(II)
complexes with various N- or S-donor combinations have been eval-
uated as chemotherapeutic agents for cancer therapy. It was reported
that cis/trans-Pd(II) complexes of aromatic N-donor molecules as ligand
were more active than cis/trans-Pt(II) complexes [65,66]. However, the
most of the trans‑palladium complexes showed better activities than
other cis-platin, and also cis‑palladium isomers. It is interesting that
these palladium complexes showed activities equal to (or higher than)
cis-platin, carboplatin and oxaliplatin, in vitro, and these results are in a
disagreement with the previous studies that cis-isomers are more ef-
fective than the trans-ones [67].

In this respect, we synthesized Pt(II) and Pd(II) complexes con-
taining N,S donors in thiazole rings. The anti-cancer activity results
showed that, trans-Pd(II) complexes are more active than the trans-Pt
(II) complexes against breast adenocarcinoma (MCF-7), human prostate
adenocarcinoma (LNCAP) and human colon carcinoma (LS174T) cell
lines. It has been reported, generally, coumarin derivatives are reduced
due to the cell viability against different cell lines [68,69]. Beside these,
the structure activities of coumarins were reported, and according to
the results, anticancer activities of these compounds are both structure
and dose-dependent [70]. The percentage cell viability of the synthe-
sized compounds decreases as a function of increasing concentration in
IC50 values in μg/mL. At 50 μM concentrations of Pd(II)/Pt(II) com-
plexes, significant decrease in percentage viability of cell lines. The
most effective dose is found to be 100 μM for both the synthesized li-
gand and its complexes (Fig. 9a, b and c).

The half maximal inhibitory concentration (IC50) represents the

Fig. 7. Color changes of L (1.0 × 10−3 M in DMSO) under ambient light (left) and UV light (362 nm) (right) after addition of 1 equiv. of F−, AcO− and CN−.
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concentration of the tested agent that is required for 50% inhibition of
the tumor cell viability. The inhibition concentration results in IC50

values (in μg/mL) are presented in Table 7.
The IC50 values of the two metal complexes are lower than that of L

(except for the activity of the Pt(II) complex against human colon
carcinoma, LS174T cell line) in the tested tumor cell lines, which sug-
gests that chelated transition metal ions play an important role in
higher activities of the complexes. It is evident that, the Pd(II) complex
demonstrated better growth-inhibiting effect than the Pt(II) complex
against MCF-7, LNCAP, and LS174T cells under the experimental con-
ditions used herein. According to the results of viability of LS174T cells,
at concentration of 50 μM and 100 μM of the ligand (IC50 μg/

mL = 54.42) and PdL2 complex (IC50 μg/mL = 15.98) caused de-
creasing effect on cell viability, while PtL2 complex (IC50 μg/ml> 100)
showed no effect. In addition, Pd(II) complex exhibited good activity
against MCF-7 cell lines (IC50 = 18.15 μg/mL). Finally, Pd(II) complex
had the most prominent activity against LNCaP cell lines
(IC50 = 10.05 μg/mL) compared to other compounds.

4. Conclusions

Schiff base based chemosensor (L) and Pt(II)/Pd(II) complexes were
synthesized and their structures were determined by several spectro-
scopic methods, magnetic moment and molar conductivity measure-
ments. The structure of L was also clarified by X-ray spectroscopy. All
the experimental analysis results show that, L acts as a bidentate ligand
chelating through imine nitrogen and phenolic oxygen sites. In the light
of spectroscopic methods, the supposed structures of the metal com-
plexes are given in Scheme 1. The anion selectivity and sensitivity
potential of chemosensor were investigated by fluorescence, absorption
and 1H NMR titration methods. DFT method was used to explain the
obtained experimental results. The results showed that, L can be

L                         HOMO                                                  LUMO 

PdL2                         HOMO                                                                LUMO 

PtL2                         HOMO                                                            LUMO
Fig. 8. The optimized structures and molecular orbitals of L and its complexes (PtL2, PdL2).

Table 6
MO energies, energy band gaps and Dipol Moment of the L and its complexes.

Compounds EHOMO (eV) ELUMO (eV) ΔE (eV) μ(D)

L −6.0166 −2.6142 3.402 6.2134
[PdL2] −5.2983 −2.0724 3.226 0.0154
[PtL2] −5.1693 −2.0980 3.071 0.0008
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utilized to simultaneously analyse F−, AcO− and CN− ions by two new
detection modes and L has higher selectivity towards CN− anion than
F− and AcO− anions. The interaction of CN− with L increased the
fluorescence emission and provided a turn on response. Thus, L can be
applied as probe for detection of CN- via light-up. On the other hand,
anti-cancer activities of L and its metal complexes were determined in
vitro using MTT assay on MCF-7, LS174T and LNCAP human cancer
lines. The anti-tumor activity results show that, the Schiff base metal

complexes have good cytotoxicity effects on the human cell lines. In our
study, it was found that palladium complexes have better activities with
lower IC50 values (10.05–18.15 μg/mL) than the platinum complexes
with higher IC50 values (21.53−. > 100 μg/mL). The computed elec-
tronic descriptors support the higher activity trend of metal(II) com-
plexes, especially Pd(II) complex than the ligand.
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