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Stefan Richter a, Milena R. Kaluđerović b , Martin Bette a, Fabian Mohr c, Christoph Wagner a,  
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A B S T R A C T

Acetylplatinum(II) complexes containing the water-soluble phosphine ligands based on PTA (1,3,5-triaza-7- 
phosphaadamantane) were synthesized and structurally characterized: cis-[Pt(COMe)₂(PTA)₂] (3) and trans-[Pt 
(COMe)Cl(PTA)₂] (4). The trans-[Pt(COMe)₂(PTA)₂] (3a) was obtained from the methanol solution of 3 and 
structurally characterized. The compounds were investigated by elemental analysis, IR, multinuclear NMR 
spectroscopy, and mass spectrometry. X-ray crystallography confirmed the square-planar geometry of complexes 
3 and 3a, and their supramolecular architectures were examined using Hirshfeld surface analysis. DFT calcu
lations at the B3LYP/LanL2DZ level provided good agreement with experimental bond lengths and angles. NMR 
spectra were further supported by GIAO-calculated chemical shifts. Intermolecular and intramolecular in
teractions were elucidated through QTAIM analysis, revealing partial covalent character of metal-ligand bonds 
and weak non-covalent stabilizing interactions. Complexes 3 and 4 were tested for their in vitro cytotoxicity 
against five human cancer cell lines (8505C thyroid cancer, A253 head and neck tumor, A549 lung carcinoma, 
A2780 ovarian cancer, and DLD-1 colon carcinoma). Complex 3 showed selective activity against lung A549 and 
ovarian A2780 cell lines, comparable to cisplatin, whereas complex 4 exhibited broader but less selective 
cytotoxicity. These results suggest that the PTA-based acetylplatinum(II) complexes represent promising can
didates for further development of water-soluble antitumor agents.

1. Introduction

Many metal compounds are widely used in medicine as diagnostic 
and therapeutic agents (e.g., contrast agents, radiopharmaceuticals, 
antiulcer and antitumor drugs, and others) [1–9]. Platinum compounds, 
in particular, have been used in medicine since the discovery of the 
cytotoxic activity of cisplatin, cis-[PtCl2(NH3)2], by Barnett Rosenberg 
in 1969 [10]. Subsequently, a series of new platinum(II) compounds 
have been tested, and several of them (carboplatin, oxaliplatin, neda
platin) are successfully used in medicine as cytotoxic drugs. However, 
those drugs exhibit poor water solubility. Besides success in the fight 
against cancer, platinum-based drugs are inducing severe side effects, 
limiting their application. Because of that, the synthesis of 
platinum-based compounds with improved biological and physical 

properties plays an important role in medicinal chemistry.
While phosphine ligands were historically considered unsuitable for 

biological systems due to concerns about oxidative sensitivity and 
reactivity, certain water-soluble cage phosphines, such as 1,3,5-triaza-7- 
phosphaadamantane (PTA), have proven to overcome these limitations. 
PTA, in particular, offers excellent air and moisture stability, making it a 
valuable ligand for designing biologically relevant metal complexes [11,
12]. One approach to obtain water-soluble platinum compounds might 
be to use water-soluble phosphine ligands like the well-known cage 
phosphine PTA [11,13]. Its compact, cage-like structure provides 
notable steric protection to the metal center, which contributes to the 
overall stability of the complex in aqueous and physiological environ
ments. These characteristics have sparked renewed interest in 
PTA-based platinum(II) compounds, some of which have shown 
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promising cytotoxic activity, including against cancer cells that are 
resistant to classical platinum drugs. In addition to platinum(II), PTA has 
also been successfully coordinated to copper(I), palladium(II), as well as 
ruthenium(II), yielding complexes with encouraging biological proper
ties and therapeutic potential [14–16]. The favorable solubility and 
robust coordination behavior of PTA continue to support its use in the 
development of next-generation metallodrugs [17].

Platinum(II) complexes incorporating the water-soluble phosphine 
ligand PTA have attracted increasing attention due to their favorable 
properties such as air and water stability, strong basicity, and compact 
steric profile [17–21]. PTA ligands predominantly coordinate through 
the phosphorus atom, forming well-defined square planar geometries 
around the platinum(II) center. The coordination chemistry of PTA with 
platinum enables the formation of cis- and trans-isomers of 
four-coordinate platinum(II) species, which are not only structurally 
robust but also synthetically accessible in high yields. The presence of 
PTA ligands enhances the solubility of such complexes in aqueous 
media, which is particularly advantageous for catalytic and medicinal 
applications. In recent years, numerous new transition metal complexes 
containing the PTA ligand have been prepared, e.g., [Ni(CN)2(PTA)3], 
[PdCl2(PTA)2], [PtCl2(PTA)2], and [RhCl2(PTA)4] [11,21–31]. Most 
compounds containing PTA or its derivatives show good water solubil
ity, which can be important for their in vivo application as antitumor 
agents. PTA shows a high solubility in polar protonated solvents. 
Therefore, the PTA ligand is very interesting for synthesizing new 
water-soluble cytotoxic drugs.

The aim of this contribution is to prepare acetylplatinum(II) com
plexes with PTA: cis-[Pt(COMe)2(PTA)2] (3), and trans-[Pt(COMe)Cl 
(PTA)2] (4). These compounds were characterized by elemental anal
ysis, mass spectrometry, FTIR, and NMR techniques. The molecular 
structures of 3 and its trans isomer 3a, trans-[Pt(COMe)2(PTA)2], were 
determined by X-ray crystallography, and the stabilization interactions 
with co-crystallized solvent molecules were assessed by the Hirshfeld 
surface analysis. Complexes 3 and 4 were designed to explore how 
variations in ligand environment influence the structure of platinum(II) 
compounds bearing PTA. Specifically, it is aimed to compare the impact 
of two acetyl ligands (3) versus one acetyl and one chlorido ligand (4) on 
the geometric arrangement and biological activity. The incorporation of 
PTA was motivated by its known kinetic inertness, air/moisture stabil
ity, and aqueous solubility, which make it a suitable ligand for biolog
ically oriented platinum(II) chemistry.

The experimental structures were optimized at the B3LYP/ 
6–311++G(d,p)(C,H,N,O,P)/LanL2DZ(Pt) level of theory, and the 
experimental and theoretical bond lengths and angles were compared. 
The 1H and 13C NMR spectra were predicted and examined with 
experimental ones. The interactions between the central metal atom and 
surrounding ligands were investigated by the Quantum Theory of Atoms 
in Molecules (QTAIM), and the effects of isomerisation and the presence 
of a chlorine atom were elucidated. The cytotoxic activity of 3 and 4 was 
determined toward 518A2, 8505C, A253, MCF-7, and SW480 cell lines.

2. Materials and methods

2.1. General

All reactions were performed under an N2 atmosphere using standard 
Schlenk techniques. Solvents were dried using standard procedures 
(dichloromethane, methanol) and distilled before use. NMR spectra (1H, 
13C, 31P) were recorded at 27 ◦C on Varian Gemini 2000 (200 MHz) and 
Unity 500 (500 MHz) spectrometers. Chemical shifts are relative to 
solvent signals (CDCl3; δH 7.24, δC 77.0) as internal references. H3PO4 
(85 %) was used as an external reference for 31P NMR spectra. Multiplets 
of higher order are enclosed in inverted commas or designated as 
multiplet (m); the coupling constants were obtained by simulation using 
the Perch-NMR software package (Perch Solutions Ltd.) [27]. IR spectra 
were recorded on a Bruker Tensor 27-IR spectrometer with a Platinum 

ATR unit. ESI mass spectra were performed with an LCQ mass spec
trometer (Finnigan Mat.) operating in positive ion mode. Microanalyses 
were performed at the Martin Luther University Halle-Wittenberg, 
microanalytical laboratory, using a VarioEL elemental analyzer. The 
complexes [Pt(COMe)2(NH2Bn)2] (1) and bis[μ-chlorido(l-plati
na-dimethyl-ß-diketone)] [Pt2{(COMe)2H}2(μ-Cl)2] (2) were prepared 
according to literature methods [32,33], whereas all other chemicals 
were purchased from Aldrich or Fluka and used as obtained.

2.2. Synthesis of compounds

2.2.1. Synthesis of cis-[Pt(COMe)2(PTA)2] (3)
To a solution of [Pt(COMe)2(NH2Bn)2] (1) (450 mg, 0.91 mmol) in 

dichloromethane (30 mL), PTA (290 mg, 1.82 mmol) was added with 
stirring. After 10 min, the solvent was reduced in vacuum to about 10 
mL. Subsequently, diethyl ether (5 mL) was added, and the formed 
yellow precipitate was filtered off and washed with diethyl ether (3 mL) 
and dried in a vacuum. NMR spectra are presented in Fig. S1.Yield: 83 % 
(450 mg). Tdec. = 155 ◦C. Elem. anal. (found (calc.), %): C16H30O2N6P2Pt 
(Mr = 595.48), C 32.41 (32.27), H 4.68 (5.08), N 14.19 (14.11). 1H NMR 
(200 MHz, CD3OD): δ 2.03 (s + d, 3JPt,H = 16.9 Hz, 6H, COCH3), 4.05 (s, 
12H, PCH2N), 4.52 (s, 12H, NCH2N). 13C NMR (51 MHz, CD3OD): δ 44.7 
(m+dm; calc.: 3JP,C = 22.5 Hz, 3JP’,C = 1.0 Hz, 2JP,P = − 18.8 Hz, 
COCH3), 52.7 (m; calc.: 1JP,C = 15.5 Hz, 3JP,C = 2.5 Hz, PCH2N), 73.1 (s, 
NCH2N), 255.8 (’dd’+’dd’, 1JPt,C = 915 Hz, CO). 31P NMR (81 MHz, 
CD3OD): δ –70.3 (s + d, 1JPt,P = 1470.0 Hz). ESI-MS: m/z (Int. found/ 
calc. for [Pt(COMe)2(PTA)2Na]+, %) 615.14 (0/1), 617.14 (80/82), 
618.14 (100/100), 619.14 (79/81), 620.14 (13/15), 621.14 (19/19), 
622.14 (4/4), 623.14 (0/0.4). IR: υ 2944 (w), 2872 (w), 1636 (s), 1414 
(m), 1278 (m), 1238 (s), 971 (s), 806 (m), 570 (m), 256 (m) cm–1. 
Crystals of 3⋅MeCN suitable for X-ray diffraction analysis were obtained 
by crystallization in MeCN at low temperature (− 40 ◦C).

2.2.2. Synthesis of trans-[Pt(COMe)2(PTA)2] (3a)
Upon recrystallization of compound 3 from methanol at room tem

perature, well-formed crystals of the trans isomer (3a) were obtained 
over 12 days. Compound 3a was isolated in very low yield as single 
crystals suitable for X-ray diffraction. Due to the limited amount of 
material, no further characterization was able to be carried out.

2.2.3. Synthesis of trans-[Pt(COMe)Cl(PTA)2] (4)

2.2.3.1. From the reaction of complex 3 with HCl. To a solution of cis-[Pt 
(COMe)2(PTA)2] (3; 100 mg, 0.17 mmol) in methanol (10 mL), hydro
chloric acid (0.50 mmol; 1.7 M) was added dropwise with stirring. After 
a few minutes, gas development and formation of the precipitate were 
observed. After stirring the reaction mixture for 24 h at room temper
ature, a methanolic solution of NaOMe (6 mL, 2.4 mmol; 0.4 M) in an ice 
bath, at 0 ◦C, was added dropwise. Then, the reaction mixture was 
stirred for 10 min, and the precipitate formed was filtered off, washed 
with a methanolic solution of NaOMe (3 mL; 0.4 M) and methanol (4 
mL), and dried in a vacuum. NMR spectra are presented in Fig. S2. Yield: 
40 mg (40 %). EA (found. (calc.), %): C14H27ON6P2ClPt (Mr = 587.88), 
C 28.90 (28.60), H 4.16 (4.63), N 13.94 (14.29). 1H NMR (200 MHz, 
CDCl3): δ 2.18 (s + d, 3JPt,H = 12.6 Hz, 3H, COCH3), 4.18 (s, 12H, 
PCH2N), 4.45 (s, 12H, NCH2N). 13C NMR (125 MHz, CDCl3): δ 48.5 (t, 
3JP,C = 9.9 Hz, COCH3), 50.2 (‘t’ + d’t’, calc.: 1JP,C = 20.8 Hz, 2JPt,C =

43.9 Hz, PCH2N), 73.2 (t, 3JP,C = 7.4 Hz, NCH2N), 212.3 (t, 2JP,C = 13.7 
Hz, COCH3). 31P NMR (81 MHz, CDCl3): δ –61.4 (s + d, 1JPt,P = 3036 
Hz). IR: υ 3466 (w), 2966 (w), 1636 (s), 1421 (s), 1336 (s), 1228 (m), 
1085 (m), 977(s), 885 (s), 799 (s) cm-1.

2.2.3.2. From the reaction of complex 2 with PTA. At –80 ◦C, to a solu
tion of platina-β-diketone [Pt2{(COMe)2H}2(μ-Cl)2] (2) (100 mg, 0.16 
mmol) in methanol (5 mL), PTA (50 mg, 0.32 mmol) was added with 
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stirring. After 40 min, the solvent was removed under vacuum, and the 
solid residue was dissolved in dichloromethane (5 mL). After adding 
diethyl ether (6 mL), a yellow product precipitated, which was filtered 
off, washed with diethyl ether (3 mL), and dried in a vacuum. Yield: 100 
mg (53 %). 1H NMR (200 MHz, CDCl3): δ 2.18 (s, 3H, COCH3), 4.19 (s, 
11H, PCH2N), 4.45 (s, 12H, NCH2N). 31P NMR (81 MHz, CDCl3): δ –61.4 
(s + d, 1JPt,P = 3036 Hz).

2.3. X-ray crystallography

Single crystals of 3⋅MeCN, obtained by crystallization in MeCN (–40 
◦C). Suitable crystals for X-ray analysis of 3a⋅MeOH were formed from 
the MeOH solution of 3 at room temperature over 12 days. X-ray 
diffraction measurements were performed on a Stoe-IPDS2T diffrac
tometer at 200(2) K using Mo Kα radiation (λ = 0.71073 Å, graphite 
monochromator). A summary of the crystallographic data, the data 
collection parameters, and the refinement parameters is given in 
Table 1. Multiscan absorption corrections were applied using the 
SHELXT program package (Tmin/Tmax 0.26/0.51, 3⋅MeCN; 0.12/0.63, 
3a⋅MeOH) [34]. The structures were solved with direct methods using 
SHELXT and refined using full-matrix least-squares routines against F2 

with SHELXL. All non-hydrogen atoms were refined with anisotropic 
displacement parameters. Hydrogen atoms were placed in calculated 
positions and refined using the riding model with an isotropic 
displacement parameter of 1.5Ueq of the parent atom for methyl hy
drogens and 1.2Ueq for all other hydrogen atoms. CCDC 2465003 and 
2465,004 contain the supplementary crystallographic data for com
pounds 3⋅MeCN and 3a⋅MeOH. These data can be obtained free of 
charge from The Cambridge Crystallographic Data Centre via www.cc 
dc.cam.ac.uk/data_request/cif.

2.4. Hirshfeld surface analysis

The crystallographic structures of cis and trans isomers of [Pt 
(COMe)2(PTA)2] were examined using Hirshfeld surface analysis. These 
surfaces were visualized in the CrystalExplorer program [35] starting 
from the experimental structural files. Hirshfeld surface is presented as a 
graph connecting two distances, one between two nearest nuclei (de) 
and the second one connecting nuclei with the external surface (di) [36,
37]. These distances are colored red, white, and blue if the separations 

between respective nuclei are shorter, equal, or longer than van der 
Waals separations between atoms. The normalized distances are shown 
in the range: − 0.1660 and 1.4632 for the cis isomer, and − 0.5921 and 
1.1552 for the trans isomer. The percentages of the most important 
contacts are discussed in the main text, while the fingerprint plots are 
given in the Supplementary Information.

2.5. Theoretical structural analysis

The optimization of selected structures was performed in the 
Gaussian 09 Program package [38]. The crystallographic structures of 
cis and trans isomers of [Pt(COMe)2(PTA)2] were optimized at 
B3LYP/6–311++G(d,p)(H,C,N,O,P,Cl)/LanL2DZ(Pt) [39–41] level of 
theory, which was previously applied for the examination of structural 
features of other platinum complexes in the references [42,43]. The 
optimization was done without any geometrical constraints. The appli
cability of the selected level of theory was shown by comparing the 
experimental and theoretical bond lengths and angles of the mentioned 
compounds. Additionally, the structure of complex 4 was optimized at 
the same level of theory to investigate structural changes that occurred 
due to the change of one of the ligands. The structures were reoptimized 
in the solvents that were used for the preparation of NMR spectra 
(chloroform and methanol) to mimic the experimental conditions by 
employing the Conductor-Like Polarizable Continuum (CPCM) [44]. 
The NMR chemical shifts were obtained within the Gauge Independent 
Atomic Orbital Approach (GIAO) [45,46], relative to TMS, used as the 
internal standard. The stabilization interactions within structures were 
identified and quantified using the Quantum Theory of Atoms in Mol
ecules (QTAIM) approach [47,48] in the AIMAll program package. The 
input files for QTAIM analysis were .wfx files from Gaussian 09.

2.6. In vitro cytotoxic studies

The cell lines: 8505C (thyroid cancer), A253 (head and neck tumor), 
A549 (lung carcinoma), A2780 (ovarian cancer), and DLD-1 (colon 
carcinoma) were kindly provided by Dr. Thomas Müller, Department of 
Hematology/Oncology, Martin-Luther-University of Halle-Wittenberg, 
Halle (Saale), Germany. Cultures were maintained as monolayers in 
RPMI 1640 (PAA Laboratories, Pasching, Austria) supplemented with 10 
% fetal bovine serum (Biochrom AG, Berlin, Germany) and penicillin/ 
streptomycin (PAA Laboratories) at 37 ◦C in a humidified atmosphere 
with 5 % CO2. Stock solutions of investigated compounds were freshly 
prepared in dimethylsulfoxide (DMSO, Sigma Aldrich) at a concentra
tion of 20 mM, filtered through a Millipore filter, 0.22 µm, before use, 
and immediately diluted in the nutrient medium to various working 
concentrations. Nutrient medium was RPMI-1640 (PAA Laboratories) 
supplemented with 10 % fetal bovine serum (Biochrom AG) and peni
cillin/streptomycin (PAA Laboratories).

The cytotoxic activities of all the compounds were evaluated using 
the sulforhodamine-B (SRB) (Sigma Aldrich, Germany) microculture 
colorimetric assay [15]. The cells were treated with serial dilutions of 
the compounds (0 to 100 µM) for 96 h, and the assay was performed in 
triplicate. The final concentration of DMSO solvent never exceeded 0.5 
%, at which it was non-toxic to the cells. Absorbance was measured at 
570 nm using a 96-well plate reader (Tecan Spectra, Crailsheim, Ger
many). The IC50 values were estimated from the semilogarithmic 
dose-response curves.

3. Results and discussion

3.1. Synthesis and characterization

The new platinum(II) complexes have been synthesized starting from 
[Pt(COMe)2(NH2Bn)2] (1) or dinuclear platina-β-diketone 
[Pt2{(COMe)2H}2(μ-Cl)2] (2) (Scheme 1). Complex 3 expressed good 
water solubility. 3 reacts with HCl, yielding trans-configured 

Table 1 
Crystal Data and Structure Refinement for 3⋅MeCN and 3a⋅MeOH.

3⋅MeCN 3a⋅MeOH

Empirical formula C18H33N7O2P2Pt C18H38N6O4P2Pt
Formula weight 636.54 659.57
Crystal system monoclinic triclinic
Space group P21/c P1
a (Å) 11.9392(3) 6.2834(3)
b (Å) 14.8000(4) 10.2552(6)
c (Å) 13.3131(3) 10.5212(6)
α (◦) ​ 116.936(4)
β (◦) 104.818(2) 100.179(4)
γ (◦) ​ 91.285(5)
V (Å3) 2274.19(10) 590.83(6)
Z 4 1
Dcalc (g⋅cm− 3) 1.859 1.854
μ(Mo− Kα) (mm− 1) 6.341 6.110
F(000) 1256 328
θ range (◦) 2.75–27.00 2.22–29.67
Reflections collected 18,333 9759
Reflections observed [I > 2σ(I)] 4665 3177
Independent reflections 4962 [Rint = 0.0192] 3177 [Rint = 0.0411]
Data/restrains/parameters 4962/0/274 3177/0/145
Goodness-of-fit on F2 1.058 1.072
Final R indices [I > 2σ(I)] R1 = 0.0269 

wR2 = 0.0677
R1 = 0.0229 
wR2 = 0.0546

R indices (all data) R1 = 0.0286 
wR2 = 0.0688

R1 = 0.0185 
wR2 = 0.0564
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(monoacetyl)platinum(II) complex 4 (Scheme 1). In the reaction of 
platina-β-diketone 2 with PTA ligand, only trans-standing (monoacetyl) 
platinum(II) complex 4 was available (Scheme 1). The obtained (mon
oacetyl)platinum(II) complex (4) showed no solubility in water. The IR 
spectrum of the complex 3 exhibits characteristic absorbance with fre
quencies from 1600 to 1636 cm–1, corresponding to stretching fre
quencies of C––O, as described in the literature [49]. However, when 
recrystallized from methanol at room temperature, well-formed crystals 
of the trans isomer were obtained in low yields. The absence of any 
indication of an isomeric mixture in the ³¹P NMR spectra of solutions of 
complex 3 (Fig. S3) suggests that the trans isomer is virtually insoluble in 
methanolic solution and thus precipitates due to its low solubility. 
Consequently, no conclusions can be drawn regarding the thermody
namic stability of the cis versus trans isomers. The isomerization appears 
to proceed at a significant rate only at room temperature, as no forma
tion of the trans isomer was observed at –40 ◦C. Comparable examples in 
the literature demonstrate that trans-arylplatinum(II) compounds, such 
as bis(2,6-dinitroaryl)platinum(II) complexes, can undergo isomeriza
tion to the corresponding cis isomers upon heating to elevated temper
atures (160 ◦C) [50].

The diacetylplatinum(II) complex 3 and the acetylchloridoplatinum 
(II) complex 4 theoretically can each exist in cis and trans configurations. 
The platinum isotope ¹⁹⁵Pt (33.3 %, I = ½) serves as an ideal probe for 
configuration determination via NMR spectroscopy. The ¹⁹⁵Pt satellites 
observed in the ³¹P{¹H} NMR spectra provide insights into the nature of 
the donor atoms trans to the phosphorus ligands (Figs. S1 and S2), and 
thereby the geometry of the complexes.

The one-bond coupling constant ¹JPt,P is sensitive to the electronic 
influence of the ligand positioned trans to the phosphorus atom (trans 
influence). A high ¹¹JPt,P value indicates a low trans influence and vice 
versa, due to the dominance of the Fermi contact mechanism [51,52]. 
For complex 3, a square planar bis(PTA)diacetylplatinum(II) complex, a 
relatively small ¹JPt,P coupling constant (1470 Hz) is observed, indica
tive of a strong trans influence from the acetyl ligands and a corre
spondingly high s-character in the Pt–C bonds [53,54]. This is consistent 
with literature data for related cis-[Pt(COMe)₂(PPh₃)₂] complexes (¹JPt,P 
= 1591 Hz), supporting the cis configuration of the cage phosphane 

ligands in complex 3.
In contrast, complex 4, a bis(PTA)acetylchloridoplatinum(II) com

plex, exhibits a significantly larger ¹JPt,P coupling constant (3036 Hz), 
thus 1566 Hz higher than that of complex 3. This increase reflects the 
much lower trans influence of the chlorido ligand, which enhances the s- 
character of the Pt–P bonds. These values are in line with those of 
structurally related trans-[Pt(COMe)Cl(PPh₃)₂] (¹JPt,P = 3036 Hz) and 
trans-organoplatinum(II) complexes bearing cage phosphane ligands 
[31,55], thereby confirming the trans arrangement of the phosphorus 
donors in complex 4.

One resonance signal for the upper and the lower rim of PTA can be 
observed in the 1H and 13C NMR spectra of complex 3 (Fig. S1). All 
protons of the upper rim were found in the 1H NMR spectrum as a 
complicated AA’BB’MM’X spin system. Four protons represented the 
AA’BB’ part of the upper rim; the X part results from the 31P nucleus. The 
other two protons of the methylene group of the upper rim are enan
tiotopic to each other and observed only as one signal, which appears as 
a doublet because of a coupling over two bonds to the 31P nucleus. These 
two protons represented the MM’ part of the observed spin system. The 
two methylene groups of the lower rim are observed as two isolated AB 
spin systems, with a hydrogen-hydrogen coupling over two bonds.

In all complexes in the 13C NMR spectra, the methyl carbon atoms 
from acetyl ligands showed a complicated signal pattern, the result of an 
ABM-spin system (A, B = 31P, M = 13C) and a satellite spectra (ABMX- 
spin system; X = 195Pt). Using Perch for spectral analyses, the ABX-spin 
system was assigned for the complex 3. In Fig. 1. a, the measured and 
calculated 13C NMR spectrum of complex 3 is shown.

The carbonyl carbon atoms of the acetyl groups of complex 3 
appeared in 13C NMR spectra as multiplets due to ABMX spin systems (A, 
B = 31P, M = 13C, X = 195Pt, Fig. 1. b). Only in the case of complex 3 was 
it possible to determine the 1JPt,C coupling constant (915 Hz). Compared 
with the literature values in this case, 1JPt,C indicates a cis-configured 
platinum(II) complex. Also, the 2JP,P in value of –18.8 Hz found in the 
13C NMR spectrum of complex 3 shows the cis-configuration.

In contrast to cis-diacetyl-platinum(II) complexes 3, the trans-(mon
oacetyl)platinum(II) complex 4 shows in the 13C NMR spectrum a triplet 
for the carbonyl carbon atom from the acetyl group. This observation 

Scheme 1. Synthesis of cis- and trans-configured platinum(II) complexes 3 and 4.
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suggests the similarity of both phosphorus atoms and thus the trans- 
configuration of complex 4.

3.2. Thermogravimetric analysis

To gain insight into the thermal stability and decomposition path
ways, thermogravimetric analyses (TGA, DTG, and DSC) were con
ducted for complexes 3 and 4 (Figs. S4 and S5). These measurements are 
relevant for understanding the physicochemical properties of the com
plexes, which can affect their behavior during storage, processing, or 
formulation. For complex 3, a two-step thermal decomposition was 
observed between 160 ◦C and 320 ◦C (Fig. S4). The corresponding DSC 
curve shows that both decomposition events are exothermic. The total 
mass loss observed was 51.8 %, indicating that complete decomposition 
to elemental platinum is not achieved even at 1000 ◦C (theoretical Pt 
content: 32.8 %). Complex 4 exhibited a comparable thermal profile 
(Fig. S5). The first mass loss (6.6 %) occurred at approximately 250 ◦C, 
which corresponds to the loss of one acetyl group. A second, more 
pronounced mass loss was observed above 350 ◦C. Both steps were also 
exothermic. The total mass loss of 56.5 % suggests, similarly to complex 
3, incomplete decomposition to metallic platinum at 1000 ◦C. These 
thermal profiles support the relatively high thermal robustness of both 
complexes and provide complementary data to their chemical and bio
logical properties.

3.3. Structural characterization

The configuration of the diacetylplatinum(II) complex 3 was 
unambiguously confirmed, and it crystallizes from acetonitrile in its cis 
form. Complex 3 (Fig. 2. a) crystallized as an acetonitrile adduct in the 
monoclinic space group P21/c. The complex 3a crystallized in the 
triclinic space group P1 (Fig. 2. b).

The coordination sphere around the platinum atom is almost square 
planar (sum of the angles: 359.7◦). The acetyl ligands are found in a trans 
arrangement positioned nearly vertical to the PtP1P2C1C3 plane with 
the inter plane angles of 85.9(2)◦ (O1,C1,C2/Pt,P1,P2,C1,C3) and 78.7 
(1)◦ (O2,C3,C4/Pt,P1,P2,C1,C3). The voluminous PTA ligand requires 
relatively much space, thus deviating from the P1–Pt–P2 angle (99.48 
(3)◦). In crystals of 3⋅MeCN, no intermolecular distances between 3 and 
solvent molecules were observed. The shortest atomic distance between 
nonproton atoms is 3.518(5) Å (O2…CH3CN). The molecular structure of 
3 is shown in Fig. 2. and selected bond distances and angles are collected 
in Table 2.

In the structure of 3a⋅MeOH, similarly to the structure of 3⋅MeCN, 
the platinum atom is square planar coordinated (sum of angles: 360◦). 
The τ₄ values [56] of 0.14 for 3 and 0.00 for 3a further confirm a 
square-planar coordination geometry. The Pt–P distances of 3a (2.2765 
(7) Å) are in comparison to 3 shorter (2.3008(9) and 2.2981(9) Å), 
which can be attributed to the larger trans influence of the acetyl ligands 

Fig. 1. a) Calculated (Perch) and measured 13C NMR spectrum (51 MHz, CD3OD) in the area of the methyl-C-atoms of complex cis-[Pt(COMe)2(PTA)2] 3; b) 13C- 
carbon atom resonances of 3 (CD3OD, 51 MHz).
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[57–59]. Analogously to 3⋅MeCN, the acetyl ligands exhibited transoid 
with a nearly vertical position to the PtP1P1’C1C1’ plane with the 
inter-plane angle of 84.8(1) (O1,C1,C2/Pt,C1,C1′,P1,P1′).

Contrary to 3⋅MeCN, hydrogen bonds were found in the crystals of 
3a⋅MeOH, between 3a and solvent molecules (Fig. 2. b). Namely, a 
medium-strong hydrogen bond between O1 and O2 atoms (2.790(3) Å) 
is found [60]. The rest of the bond lenghts and angles are presented in 
Tables S1-S4.

3.4. Hirshfeld analysis of crystal structures

Two crystallographic structures were subjected to the Hirshfeld 

surface analysis to examine intramolecular interactions contributing to 
the system’s stability. These surfaces are depicted in Fig. 3. The 
fingerprint plots of the most numerous contacts are shown in Figs. S6 
and S7.

Due to the specific geometry of the cis-complex, the interactions 
involving Pt(II) ions were not observed. The most numerous contacts are 
denoted as H•••H, with a relative percentage of 68.6 %. These in
teractions include hydrogen atoms of acetyl groups and the PTA ligand, 
as these atoms are positioned at the outskirts of the ligands. Nitrogen 
atoms in the PTA ligand also lead to a large number of hydrogen bonds 
between nitrogen and hydrogen atoms (N•••H, 16.8 %). The oxygen 
atoms of acetyl groups interact with neighbouring hydrogen atoms 
through O•••H interactions (12 %). These interactions are weak, as the 
hydrogen atoms are not attached directly to the electronegative atoms. 
Weak carbon-hydrogen bonds are also present in the structure, with a 
low relative percentage (1.8 %). The carbon atoms also interact with 
electronegative atoms, oxygen, and nitrogen, through C•••O (0.1 %) 
and C•••N (0.5 %). A higher percentage of the latter interactions result 
from the acetonitrile presence in the crystallographic structure.

The relative position of ligands in the structure of 3a•MeOH induces 
several changes in the contribution of various contacts. The most 
important difference is the presence of interactions involving the central 
metal ion. In this case, Pt(II) interacts with the hydrogen atoms of the 
PTA ligands, as depicted in Fig. 4. These interactions have a length of 
3.06 Å. The contribution of Pt•••H interactions is 0.9 %. The most 
numerous contacts are again H•••H, and their percentage is almost the 
same as in 3•MeCN (68.9 %). The contribution of N•••H contacts is 
lowered to 12.5 %, while that of O•••H is increased to 16.9 %. The 

Fig. 2. a) Molecular structure of cis-[Pt(COMe)2(PTA)2] (3) in crystals of 3⋅MeCN; b) Structure of trans-[Pt(COMe)2(PTA)2]⋅MeOH (3a⋅MeOH) (The thermal el
lipsoids are drawn at a 30 % probability level. Hydrogen atoms are omitted for clarity); c) optimized structure of trans-[Pt(COMe)Cl(PTA)2] (4).

Table 2 
Selected bond distances (in Å) and angles (in ◦) of cis-[Pt(COMe)2(PTA)2] (3) 
and trans-[Pt(COMe)2(PTA)2] (3a) in crystals of 3⋅MeCN and 3a⋅MeOH, 
respectively.

3 3a

Pt–P1 2.2981(9) 2.2765(7)
Pt–P2 2.3088(9) ​
Pt–C1 2.058(4) 2.099(3)
Pt–C3 2.063(4) ​
P1–Pt–P2 99.48(3) 180.00(3)
P1–Pt–C1 88.55(11) 88.39(8)
P2–Pt–C3 89.38(10) ​
C1–Pt–C3 82.27(15) ​
P1–Pt–C3 170.05(10) 91.61(8)
P2–Pt–C1 170.70(11) ​

Fig. 3. Hirshfeld surfaces of 3 and 3a complexes.
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increase in O•••H contacts is due to the methanol molecules, as a co- 
crystallized solvent. Therefore, it can be concluded that the orienta
tion of ligands around the central metal ion and the presence of solvents 
are the main factors influencing the contributions of different in
teractions in the examined structures. The strength of these interactions 
is investigated in more detail in the following section.

3.5. DFT structure optimization of complexes 3 and 3a

The optimization of crystallographic structures was performed as 
previously explained, and the most stable configurations of 3, 
3a•MeOH, and 4 are presented in Fig. 2. Ongagna and coworkers 
applied the same level of theory for the DFT assignment of Pt complexes 
with bis-(N-heterocyclic carbene) ligands [61]. The spectroscopic and 
structural features of the planar platinum(II) complex with asymmetri
cally substituted 5-methyl-5′-carbomethoxy-2,2′-bipyridine were also 
investigated at this level of theory [62]. The experimental and theo
retical bond lenghts and angles were compared by calculating the cor
relation coefficient (R) and the mean absolute error (MAE). The second 
parameter is the average value of the absolute difference between two 
data sets. The crystallographic and optimized bond lengths and angles 
are listed in the Supplementary Information as Tables S1-S4.

The correlation coefficient and MAE for the bond lenghts 3 are 0.998 
and 0.019 Å (Table S1). Similar results were found when angles were 
examined (R = 0.993, MAE = 1.11◦, Table S2). However, it should be 
mentioned that the structure of PTA ligands does not allow significant 
movement of the atoms due to the large number of bonds. The structure 
of 3a•MeOH contains a higher degree of symmetry, as explained in the 
experimental section. The statistical parameters, R and MAE, in the case 
of the bond lengths in 3a•MeOH are 0.998 and 0.020 Å. As shown in 
Table S4, the correlation coefficient (0.996) and MAE (1.25◦) for angles 
in the same structure are similar to the values calculated for the 3 
structure. These results also prove that the selected theory level is 
appropriate for describing the two newly obtained structures.

The structure of complex 4 was optimized at the same level of theory, 
although the crystallographic structure was not obtained. The bond 
lengths Pt− P are 2.336 Å, almost the same as in the structure of 3a. This 
result aligns with the assumption that the bond lengths are not primarily 
dependent on the other substituents. The Pt− C is slightly shorter (2.020 
Å) due to the delocalization within the acetyl group, while the C––O 
bond is 1.211 Å. The longest ligand-metal bond was found in the case of 
the Pt− Cl bond (2.546 Å). The change in ligands between 3a and 4 in
duces additional changes in the values of angles. The value of the 
P− Pt− P angle is lowered to 170.9◦ The angles C− Pt− C are around 93◦, 
only 1.5◦ higher than in 3a. The angle enclosed by the carbonyl group 
and Pt(II) is the same as in the optimized structure of 3a. The 

experimental and theoretical NMR spectra of complexes 3 and 4 are 
compared in the following section.

3.6. Comparison of experimental and theoretical NMR spectra

The comparison between experimental and theoretical NMR spectra 
is crucial for verifying the applicability of the selected theoretical level 
and the structural characteristics of complexes 3 and 4, particularly 
because the crystallographic structure of the latter was not obtained. 
The GIAO method was employed to calculate the chemical shifts of the 
structures reoptimized in the solvents where the experimental spectra 
were recorded. The theoretical values of 1H NMR chemical shifts are 
presented in Table 3 as calculated through this procedure. Conversely, 
the 13C NMR chemical shift values were overestimated, especially for the 
carbonyl carbon atoms, since the explicit solvent effects were not 
considered in the solvent model used. Therefore, the correction co
efficients of 0.92 (3) and 0.85 (4) account for the specific solvent-solute 
interactions in solution and the effects of local vibrations and rotations 
of particular groups.

The newly obtained complexes are characterized by only three 
different proton positions in NMR spectra, and these values exhibit a 
high resemblance, as anticipated from the structural considerations. The 
lowest chemical shifts were found for methyl protons at positions 2.03 
(3) and 2.18 ppm (4). The calculated values are 2.03 and 2.08 ppm. The 
protons attached to carbon atoms between nitrogen and phosphorus 
display higher chemical shift values of 4.05 (3) and 4.18 ppm (4). The 
differences between experimental and calculated chemical shift values 
are 0.07 (3) and 0.21 (4). Due to their electronegativity, the hydrogen 
atoms positioned between two nitrogen atoms are characterized by the 
highest chemical shift values, around 4.50 ppm. These values are also 
well reproduced in the optimized structures.

Fig. 4. Representation of Pt•••H contacts in the structure of 3a.

Table 3 
Experimental and theoretical (at the B3LYP/6–311++G(d,p)(C,H,N,O,P)/ 
LanL2DZ(Pt) level of theory) 1H and 13C NMR chemical shifts (in ppm) of 
complexes 3 and 4.

Atoms 3 4

Experimental Theoretical Experimental Theoretical

COCH3 2.03 2.03 2.18 2.08
PCH2N 4.05 3.98 4.18 3.97
NCH2N 4.52 4.52 4.45 4.52
​ ​ ​ ​ ​
COCH3 44.7 40.2 48.5 38.2
PCH2N 52.7 55.4 50.2 50.3
NCH2N 73.1 72.5 73.2 66.6
C=OCH3 255.8 256.2 212.3 216.9
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As previously discussed, the 13C NMR chemical shifts were over
estimated, and the corrected values are used for comparison. The methyl 
group carbon atoms exhibit characteristic peaks at 44.7/40.2 (3) and 
48.5/38.2 ppm (4). The positioning of the other two types of carbon 
atoms depends on the presence of electronegative atoms. The carbon 
atoms situated between two nitrogen atoms are identified through peaks 
at 73.1 and 73.2 ppm in the experimental spectra and at 72.5 and 66.6 
ppm in the theoretical spectra of 3 and 4, respectively. The most sig
nificant influence of the correction coefficient value was noted for the 
carbonyl group, as these atoms are affected by the specific interactions 
formed with methanol/chloroform. Nevertheless, the corrected values 
are similar to the experimental ones. This analysis aligns with 
comparing crystallographic and optimized structures, indicating that 
the theoretical structures can be examined further.

3.7. QTAIM analysis of complexes 3, 3a, and 4

The interactions between central metal ions and donor atoms were 
investigated using QTAIM analysis Fig. 5), a method well-suited for 
characterizing coordination environments and calculating metal–ligand 
interaction energies in platinum complexes [63–65]. For selected in
teractions, several parameters at the Bond Critical Points (BCPs) were 
determined: electron density (ρ(r)), Laplacian of the electron density 
(∇²ρ(r)), Lagrangian kinetic energy density (G(r)), potential energy 
density (V(r)), total electron energy density (H(r) = G(r) + V(r)), and the 
interatomic bond energy (Ebond = V(r)/2) [63]. Based on the electron 
density values at BCPs, Bader and Essen categorized interactions into 
two types: shared interactions (covalent bonds) with electron density 
greater than 0.1 a.u., and closed-shell interactions such as hydrogen 
bonds, ionic bonds, and van der Waals forces, typically with electron 
density around 0.01 a.u [66,67]. A more detailed classification was later 
introduced by Bianchi and colleagues, using the ratio of G(r) to V(r) as a 

criterion. Covalent interactions correspond to -G(r)/V(r) values below 1, 
the intermediate (transit) region includes interactions with partial co
valent character and values between 1 and 2, while ionic interactions 
exhibit values exceeding 2 [68]. The nature of an interaction can also be 
inferred by examining the total electron energy density; a negative value 
of this parameter suggests covalent character. Interatomic interaction 
energies were calculated based on potential energy density, following 
the approach proposed by Espinosa [69]. The QTAIM parameters of 
complexes 3, 3a, and 4 are presented in Table 4. It should be emphasized 
that, due to the symmetry of the compounds, only one bond of the same 
type is shown.

In the structure of 3, the highest electron density and Laplacian value 
were found for the Pt− C bond, measuring 0.130 and 0.185 a.u., 
respectively. This bond exhibits a partial covalent character as deter
mined by the large negative value of the total electron density (− 138.9 
kJ mol-1) and the -G(r)/V(r) value being lower than 1 [70]. The inter
atomic bond energy is − 199.4 kJ mol-1. The interaction with phosphorus 
atoms shows similar characteristics, with H(r) = − 72.6 kJ mol-1 and -G 
(r)/V(r) = 0.7, although the energy of interaction is lower at − 120.1 kJ 
mol-1. Small values of electron densities, positive values of Laplacian, 
and negative values of H(r), suggesting partial covalent character [71], 
were also observed in other platinum complexes [61]. The structure is 
additionally stabilized by a weak hydrogen bond between the carbonyl 
oxygen and the hydrogen atom of the PTA ligand. This interaction has a 
positive H(r) value and a -G(r)/V(r) ratio higher than 1. The energy of 
this interaction is − 7.0 kJ mol-1. The electron density value (0.009 a.u.) 
of this interaction falls within the range proposed by Popelier for 
hydrogen-bonded systems [72]. Another weak interaction occurs be
tween two PTA ligands, with an energy of only − 3.1 kJ mol-1. However, 
this demonstrates that the relative distribution of ligands around the 
central metal ion is responsible for these interactions.

When ligands are in a trans position (3a), the characteristics of the 

Fig. 5. The BCPs (green spheres) in complexes 3, 3a, and 4.
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Pt− P and Pt− C bonds are similar. The strongest interaction remains 
Pt− C, with electron density and Laplacian values of 0.115 and 0.199 a. 
u., respectively. The H(r) and -G(r)/V(r) for this bond are − 112.0 kJ mol- 
1 and 0.7, which is lower than in the structure of 3. The total electron 
energy and interaction energy of Pt− P are − 100.3 and − 148.2 kJ mol-1, 
indicating that these bonds are stronger than in the previous complex. 
The interactions between the carbonyl oxygen and hydrogen atoms of 
PTA are weaker, with an interaction energy of − 3.5 kJ mol-1. There is 
also an additional interaction between the methyl group of the acetyl 
ligand and the hydrogen atoms of PTA, with a comparable interaction 
energy of − 3.6 kJ mol-1.

The connection between the computational results and experimental 
behavior provides insight into the observed stability and reactivity of the 
studied complexes. The QTAIM analysis revealed stronger Pt–C and Pt–P 
interactions in complex 3 compared to its trans isomer 3a, aligning with 
the experimental observation that complex 3 is the major product under 
standard conditions. Furthermore, the presence of weak stabilizing 
hydrogen bonds in the cis-isomer supports its increased thermodynamic 
stability, which is corroborated by the calculated energy difference of 
26.7 kJ mol⁻¹, favoring the cis form. The lower solubility of the trans 
isomer and its slow formation at room temperature are consistent with 
its reduced stabilization from weak intramolecular interactions. The 
importance of these interactions for the stability of platinum(II) com
plexes is outlined in the paper by Szmigiel-Bakalarz and coworkers [73].

Once the acetyl group is exchanged for a chlorine atom in the 
structure of complex 4, the strength of the remaining Pt− C bond in
creases, as verified by the electron density (0.145 a.u.), Laplacian (0.172 
a.u.), total electron energy (− 169.1 kJ mol-1), and interatomic bond 
energy (− 225.1 kJ mol-1). The parameters of the Pt− P bond remain 
similar to those of the 3a complex. The bond between platinum(II) and 
chlorine is the weakest of these bonds, with an electron density of 0.057 
a.u. and a Laplacian of 0.159 a.u. This bond still possesses partial co
valent character, indicated by a negative H(r) value of − 30.6 kJ mol-1 

and a -G(r)/V(r) value of 0.8. Lu and coworkers also described Pt− Cl as 
interactions with some degree of covalent character; the H(r) values 
were negative [74]. The interatomic bond energy measures − 82.8 kJ 
mol-1. Despite the absence of additional weak stabilizing interactions, 
complex 4 exhibits higher thermal stability, as evidenced by its 
decomposition onset at ~250 ◦C compared to ~160 ◦C for complex 3. 
This trend is consistent with the presented QTAIM analysis, which re
veals stronger Pt–C and Pt–P interactions in complex 4.

3.8. Cytotoxicity studies

The new platinum(II) complexes, 3 and 4, were tested against the 
five human cancer cell lines: 8505C (thyroid cancer), A253 (head and 
neck tumor), A549 (lung carcinoma), A2780 (ovarian cancer), and DLD- 
1 (colon carcinoma) (Table 5). For comparison, the cytotoxicity of 
cisplatin is included.

Complex 3, a water-soluble cis-[Pt(COMe)2(PTA)2] species, exhibi
ted notable selectivity and high potency against A549 and A2780 cells, 
with IC50 values of 1.75 and 2.87 μM, respectively, comparable to 
cisplatin. However, it was significantly less active toward 8505C and 
showed no measurable effect on DLD-1 cells (IC50 > 150 μM), indicating 
a degree of cell-line specificity that may result from selective uptake or 
interaction with intracellular targets. It should be noted that the cyto
toxicity results reflect the activity of the pure cis-isomer, as the freshly 
prepared solutions were used. The isomerization to the trans form occurs 
slowly over days and was not observed under the conditions relevant for 
biological testing.

In contrast, complex 4, trans-[Pt(COMe)Cl(PTA)2], bearing a chlor
ido in place of one acetyl ligand, demonstrated a broader but less potent 
cytotoxic profile. It was more active than complex 3 against 8505C 
(32.37 μM vs. 85.97 μM) and maintained activity against other lines but 
with reduced potency against A549 and A2780 (IC50 = 51.64 and 23.79 
μM, respectively). These results suggest that substitution of the acetyl 
group with chlorido ligand affects biological activity, possibly by 
altering the compound’s reactivity or affinity for cellular targets.

The differences in biological activity can be rationalized based on the 
structural and electronic features of the complexes. QTAIM analysis 
reveals that complex 3 possesses moderately strong Pt–C and Pt–P bonds 
(Ebond = –199.4 and –120.1 kJ mol-1) and additional weak hydrogen 
bonding interactions that may promote a more rigid and defined coor
dination environment, favoring specific biomolecular recognition. The 
increased polarity and aqueous solubility of complex 3 could also 
facilitate uptake in certain cell types. Conversely, complex 4, although 
electronically stabilized by stronger Pt–C (–225.1 kJ mol-1) and Pt–P 
(–144.0 kJ mol-1) interactions, contains a weaker Pt–Cl bond (–82.8 kJ 
mol-1), which may promote ligand exchange or off-target reactivity, 
resulting in broader but less selective cytotoxicity.

Overall, these findings underscore the critical role of ligand envi
ronment in modulating the reactivity and selectivity of platinum(II)– 
PTA complexes. Fine-tuning coligands, such as replacing acetyl with 
chlorido, significantly impacts cytotoxic performance and highlights the 

Table 4 
The calculated Bond Critical Points (BCP) properties at the DFT/B3LYP-D3BJ/6–311+G(d,p)(H,C,N,O,P,Cl)/LanL2DZ(Pt) level of theory of complexes 3, 3a, and 4.

Bond ρ(r) [a.u.] ∇2ρ(r) [a.u.] G(r) [kJ mol-1] V(r) [kJ mol-1] H(r) [kJ mol-1] -G(r)/V(r) Ebond [kJ mol-1]

3 ​ ​ ​ ​ ​ ​ ​
Pt− P1 0.083 0.145 167.6 − 240.1 − 72.6 0.7 − 120.1
Pt− C1 0.130 0.185 259.9 − 398.8 − 138.9 0.7 − 199.4
C––O•••HCH 0.009 0.028 16.2 − 13.9 2.3 1.2 − 7.0
HCH•••HCH 0.005 0.016 8.2 − 6.1 2.1 1.3 − 3.1
3a ​ ​ ​ ​ ​ ​ ​
Pt− P1 0.100 0.146 196.2 − 296.5 − 100.3 0.7 − 148.2
Pt− C1 0.115 0.199 242.7 − 354.7 − 112.0 0.7 − 177.4
C––O•••HCH 0.004 0.015 8.5 − 7.0 1.6 1.2 − 3.5
HCH•••HCH 0.005 0.016 8.8 − 7.1 1.7 1.2 − 3.6
4 ​ ​ ​ ​ ​ ​ ​
Pt− P1 0.099 0.139 189.4 − 287.9 − 98.5 0.7 − 144.0
Pt− C 0.145 0.172 281.0 − 450.1 − 169.1 0.6 − 225.1
Pt− Cl 0.057 0.159 135.1 − 165.7 − 30.6 0.8 − 82.8

Table 5 
IC50 [µM]a values of complexes 3 and 4 against 8505C (thyroid), A253 (head and 
neck), A549 (lung), A2780 (ovarian), and DLD-1 (colon carcinoma)a.

IC50 [µM] ± SD

compound 8505C A253 A549 A2780 DLD-1

3 85.97 
±1.51

3.11±0.25 1.75±0.13 2.87±0.04 >150

4 32.37 
±0.78

20.02 
±0.81

51.64 
±3.42

23.79 
±1.92

>150

cisplatin 5.02±0.23 0.81 ±
0.20

1.51±0.02 0.55±0.03 5.14 
±0.12

a Average value ± Standard deviation from three experiments.
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potential for structure-based optimization in anticancer drug design.

4. Conclusion

Three novel acetylplatinum(II) complexes containing PTA-based li
gands were synthesized and structurally characterized using spectro
scopic, crystallographic, and theoretical methods. The square-planar 
coordination geometry of the platinum(II) centers in cis-[Pt 
(COMe)₂(PTA)₂] (3) and trans-[Pt(COMe)₂(PTA)₂] (3a) was confirmed 
by single-crystal X-ray diffraction. Structural differences between the cis 
and trans isomers were observed, particularly in hydrogen bonding and 
ligand arrangement. Hirshfeld surface analysis revealed variations in 
intermolecular contacts depending on the molecular geometry and the 
presence of solvent molecules.

Geometries were optimized using DFT at the B3LYP-D3BJ/6–311+G 
(d,p)(H,C,N,O,P,Cl)/LanL2DZ(Pt) level, yielding good agreement with 
experimental bond lengths and angles. Theoretical and experimental 
NMR chemical shifts were compared employing the GIAO method, with 
the ¹H NMR resonances demonstrating excellent consistency. QTAIM 
analysis was conducted to examine bonding interactions, confirming the 
partial covalent nature of Pt–C and Pt–P bonds while identifying weak 
stabilizing interactions between ligands and co-crystallized solvents.

The cytotoxic activities of complexes 3 and 4 were evaluated against 
five human cancer cell lines. Complex 3 showed selective activity to
ward A549 and A2780 cells, with IC₅₀ values comparable to cisplatin, 
while complex 4 exhibited broader but less selective cytotoxicity. The 
PTA ligand alone was inactive under the tested conditions. These results 
suggest that the structural and electronic features of the complexes 
strongly influence their biological activity.

Overall, integrating synthetic, structural, computational, and bio
logical studies has provided a comprehensive understanding of the 
behavior of PTA-based platinum(II) complexes, highlighting their po
tential as water-soluble antitumor agents.
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Goran N. Kaluđerović: Investigation.
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N. Kaluđerović, N.Đ. Pantelić, Novel triphenyltin(IV) compounds with carboxylato 
N-functionalized 2-quinolones as promising potential anticancer drug candidates: 
in vitro and in vivo evaluation, Dalton Trans. 53 (2024) 8298–8314, https://doi. 
org/10.1039/D4DT00182F.
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