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Abstract

The development of novel platinum-based anticancer agents remains a critical objective in
medicinal inorganic chemistry, particularly in light of resistance and toxicity limitations
associated with cisplatin. In this study, the synthesis, structural characterization, quantum
chemical analysis, and cytotoxic evaluation of four new acetylplatinum(II) complexes
(cis-[Pt(COMe)2(PASO2)2], cis-[Pt(COMe)2(DAPTA)2], trans-[Pt(COMe)Cl(DAPTA)2], and
trans-[Pt(COMe)Cl(PASO2)]: 1–4, respectively) bearing cage phosphine ligands PASO2

(2-thia-1,3,5-triaza-phosphaadamantane 2,2-dioxide) and DAPTA (3,7-diacetyl-1,3,7-triaza-
5-phosphabicyclo[3.3.1]nonane) are presented. The coordination geometries and NMR
spectral features of the cis/trans isomers were elucidated through multinuclear NMR and
DFT calculations at the B3LYP/6-311++G(d,p)/LanL2DZ level, with strong agreement
between experimental and theoretical data. Quantum Theory of Atoms in Molecules
(QTAIM) analysis was applied to investigate bonding interactions and assess the covalent
character of Pt–ligand bonds. Cytotoxicity was evaluated against five human cancer
cell lines. The PASO2-containing complex in cis-configuration, 1, demonstrated superior
activity against thyroid (8505C) and head and neck (A253) cancer cells, with potency
surpassing that of cisplatin. The DAPTA complex 2 showed enhanced activity toward
ovarian (A2780) cancer cells. These findings highlight the influence of ligand structure and
isomerism on biological activity, supporting the rational design of phosphine-based Pt(II)
anticancer drugs.

Keywords: platinum(II) complexes; DFT; QTAIM; cytotoxic activity; NMR

1. Introduction
Cisplatin has served as the “gold standard” in cancer therapy for more than six

decades [1–4]. Although it has been highly effective in treating a wide range of malig-
nancies, its clinical use is hindered by significant drawbacks, including the emergence of
drug resistance and severe toxicities affecting the kidneys, auditory system, and central
nervous system [5,6]. Alongside cisplatin, other platinum-based chemotherapeutics, such
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as carboplatin and oxaliplatin, have also been extensively employed in oncology. However,
their therapeutic application is limited by adverse side effects, prompting the exploration
of transition metal complexes as alternative anticancer agents [7,8]. The incorporation of
metals other than platinum in drug design offers the potential to engage different cellular
targets and activate distinct biochemical pathways. Accordingly, compounds containing
metals such as titanium, ruthenium, tin, palladium, and gold have emerged as promising
candidates in the development of new anticancer therapeutics [9–13].

Although phosphine ligands have traditionally been avoided in biological applica-
tions due to their high reactivity and potential oxidative instability, it has been shown that
some water-soluble cage phosphines can circumvent these issues and enable the synthesis
of kinetically stable, air- and moisture-tolerant Pt(II) complexes [14–16]. In particular,
cage phosphines such as PTA, PASO2, and DAPTA exhibit favorable steric protection [17].
These properties, combined with their modularity and solubility profiles, have revitalized
interest in phosphine-based Pd(II), Pt(II), Ru(II), and Cu(I) complexes for anticancer ap-
plications [18–20]. Several such complexes have demonstrated potent cytotoxic activity
against both cisplatin-sensitive and -resistant cancer cells, providing a strong rationale for
their continued development [17].

Water-soluble phosphine ligands such as PTA (Figure 1) represent a promising strategy
for obtaining water-soluble Pt(II) complexes [17,21–24]. PTA-based Pt(II) compounds are
valued for their air and water stability, strong basicity, and compact steric profile. PTA
coordinates via the phosphorus atom, forming well-defined square planar geometries
and enabling the synthesis of cis- and trans-isomers in high yields. Their high solubil-
ity in water is advantageous for catalytic and medicinal applications. In recent years,
various PTA-containing transition metal complexes have been synthesized, including
[Ni(CN)2(PTA)3], [PdCl2(PTA)2], [PtCl2(PTA)2], and [RhCl2(PTA)4] [11–18,25,26]. Most of
these show excellent solubility in polar protic solvents, making PTA an attractive ligand for
developing water-soluble cytotoxic drugs. The structurally related ligand PASO2 (2-thia-
1,3,5-triaza-phosphaadamantane 2,2-dioxide, Figure 1) differs from PTA by the substitution
of a −CH2− unit with a −SO2− group, significantly reducing its water solubility [27].
While PTA forms water-soluble complexes, PASO2 counterpair complexes are largely in-
soluble, limiting its use in aqueous media. Interestingly, both PTA and PASO2 exhibit
alkylation behavior at the phosphorus center, although PTA shows competing methylation
at nitrogen. Despite structural differences, comparative studies have shown that PASO2

and PTA possess electronically similar donor properties toward metal centers. The water-
soluble phosphine ligand 3,7-diacetyl-1,3,7-triaza-5-phosphabicyclo[3.3.1]nonane (DAPTA),
shown in Figure 1, has been incorporated into a variety of organometallic complexes,
demonstrating both structural versatility and biological relevance. Dicationic digold(II)
[Au2{µ-(CH2)2PPh2}2(DAPTA)2](OTf)2 complexes bearing DAPTA as an ancillary ligand
were synthesized and shown to be water-soluble, although their catalytic performance in
aqueous media was limited [26]. Modified DAPTA derivatives with chalcogen substitu-
tions (O, S, Se) at the phosphorus center were also prepared and structurally characterized;
these species notably enhanced copper-catalyzed azide–alkyne cycloaddition in water,
underlining DAPTA’s potential in green catalysis [28]. Furthermore, platinum(II) and
palladium(II) complexes of DAPTA, cis-[MCl2(DAPTA)2] and trans-[M(SN)2(DAPTA)2]
(M = Pd(II), Pt(II), SN = S-m-methylpyrimidine-2-thionate, S-4,6-dimethylpyrimidine-2-
thionate, S-4,6-dihydroxypyrimidine-2-thionate, benzothiazole-2-thionate, benzoxazole-2-
thionate, S-1,3,4,-thiadiazole-2-thionate, S-4,5-H-thiazolan-2-thionate, and S-pyrimidine-
4(1H)-one-2-thionate, were prepared [24]. Complexes with DAPTA and with thionate
ligands exhibited high cytotoxicity against both cisplatin-sensitive and -resistant ovarian
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cancer cells, suggesting DAPTA-based complexes as promising candidates for anticancer
drug development.
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Figure 1. Cage phosphine ligands (from left to right): PTA, PASO2, and DAPTA.

The aim of this contribution is to prepare acetylplatinum(II) complexes with cage phos-
phine ligands PASO2 and DAPTA: cis-[Pt(COMe)2(PASO2)2] (1), cis-[Pt(COMe)2(DAPTA)2]
(2), trans-[Pt(COMe)Cl(PASO2)2] (3), and trans-[Pt(COMe)Cl(DAPTA)2] (4). These com-
pounds were characterized by elemental analysis, FTIR spectroscopy, and multinuclear
NMR techniques. The structural features of the complexes were evaluated by DFT opti-
mization at the B3LYP/6-311++G(d,p)(C,H,N,O,P,S,Cl)/LanL2DZ(Pt) level of theory, and
the calculated bond lengths and angles were compared with experimental data for similar
compounds. The 1H and 13C NMR spectra were predicted and analyzed in comparison
with experimental spectra. The interactions between the platinum center and donor atoms,
as well as non-covalent intramolecular interactions, were examined using the Quantum
Theory of Atoms in Molecules (QTAIM). The effects of isomerism and the influence of
the chlorido ligand on bonding characteristics were investigated. The cytotoxic activity
of complexes 1, 2, and 4 was determined against 8505C, A253, A549, A2780, and DLD-1
human cancer cell lines.

2. Results and Discussion
2.1. Synthesis

Complexes 1–4 were prepared in the reaction starting from [Pt(COMe)2(NH2Bn)2]
or dinuclear platina-β-diketone [Pt2{(COMe)2H}2(µ-Cl)2] according to Scheme 1. The cis-
configured Pt(II) complex with a PASO2 (1) or DAPTA ligand (2) showed moderate to good
water solubility. The characteristic C=O frequencies of the ligands were observed in the
range between 1600 and 1635 cm−1, which is consistent with the literature data [29–31].

Scheme 1. Synthesis of cis- and trans-configured acetylplatinum(II) complexes, 1–4.

In the reaction with HCl, complex 1 yielded trans-(monoacetyl)platinum(II) complex
(Scheme 1). Due to the presence of PASO2 ligands, 1 shows only limited solubility in
methanol. After 18 days of reaction time, the mixture was processed to yield 3, an air-stable,
water-insoluble solid in 70% yield. However, the product contained around 20% impurities
and could therefore only be characterized by 1H and 31P NMR spectroscopy. Complex 3 is
moderately stable in DMSO solution. Initially, clear solutions decompose over time, leading
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to browning and the formation of a white precipitate. The reaction of 2 with excess HCl in
methanol did not afford the expected compound [Pt(COMe)Cl(DAPTA)2] (4). Although
the reaction proceeded in a homogeneous phase, 31P NMR analysis of the reaction mixture
revealed that decomposition into multiple unidentified phosphorus-containing species
occurred within just a few hours.

Given the well-documented reactivity of platinum β-diketonates with various
phosphines [32], we investigated the reaction of the dinuclear β-diketonate complex
[Pt2{(COMe)2H}2(µ-Cl)2] with the cage ligands PASO2 and DAPTA. In a 1:4 molar ra-
tio, reactions proceeded in methanol or dichloromethane, leading to the formation
of [Pt(COMe)Cl(PASO2)2] (3) and [Pt(COMe)Cl(DAPTA)2] (4). PASO2 reacted with
[Pt2{(COMe)2H}2(µ-Cl)2] selectively in dichloromethane, yielding 3 in a 37% yield. In
contrast, DAPTA in reaction with [Pt2{(COMe)2H}2(µ-Cl)2] gave 4 in a good yield (85%)
when methanol was used. Both products were isolated as white, air-stable, water-insoluble
solids via ether precipitation. Notably, 4 could not be obtained through protolytic cleavage,
highlighting the importance of this synthetic approach. Complexes 3 and 4 were not soluble
in water. Although soluble in DMSO, complex 3 showed limited solution stability. More-
over, complex 3 decomposition and precipitation occurs within hours. This restricted the
spectroscopic analysis to 1H and 31P NMR, with only 3 providing a meaningful 13C NMR
spectrum. The identity and purity of the products were confirmed by NMR spectroscopy.

2.2. Characterization

The 1H, 13C, and 31P NMR chemical shifts of the compounds 1–4 are presented in
Table 1. The NMR spectra of cis-isomers of complexes with PASO2 and DAPTA are complex
(Figure 2, Figure 3 and Figures S1–S4), due to the existence of several groups of hydrogen
atoms, according to Figure 2. The protons from the PASO2 on the upper rim appeared as a
complex AA′BB′MM′X spin system. Four of these protons can be assigned as an AA′BB′

pattern, while the X component corresponds to the coupling with the 31P nucleus. The
two methylene protons on the upper rim are enantiotopic and appear as a single signal,
observed as a doublet due to a two-bond coupling with the 31P nucleus. These protons
constitute the MM′ part of the spin system. In contrast, the two methylene groups on
the lower rim each form separate AB spin systems, characterized by a typical two-bond
hydrogen–hydrogen coupling. The 1H NMR spectrum of 2 is given in Figure 3. Hydrogen
atoms from the methyl groups of DAPTA and acetyl ligands resonate between 2 and
2.4 ppm. In the case of the acetyl methyl protons, satellites with a typical 3JPt,H coupling of
17.2 Hz could be observed at 2.14 ppm.

Table 1. Selected spectroscopic data of the complexes cis-[Pt(COMe)2L2] (1, in DMSO-d6, and 2, in
CD3OD; L = PASO2, DAPTA) and trans-[Pt(COMe)ClL2] (3 and 4, in DMSO-d6) (δ in ppm, J in Hz).

δ(Pnot coor.) δ(P) (1JPt,P) ∆δ a
PtCOCH3 PCH2N PtCOCH3 PtCOCH3

δH (3JPt,H) δC (2JPt,C) δC

1 −113.4 −77.3 (1440) 36.1 1.93 (15.9) 3.97 b 44.1 (330.2) 242.4
2 −74.1 −42.2 (1496) 32.0 2.13 (17.2) 3.80 b 44.4 (280.9) 253.1
3 −113.4 −67.2 (3325) 46.2 2.21 (12.6) 4.13 b 48.1 209.3
4 −74.1 −35.0 (3200) 39.1 2.31 (n.o.[c]) 3.85 b - -

[a] ∆δ(P) = δ(Pcoor.) − δ(Pnot coor.), [b] isolated signal of two protons of the upper rim. [c] Not observed.

In all the studied complexes, the methyl carbon atoms of the acetyl ligands displayed
complex signal patterns in the 13C NMR spectra. These patterns arise from an ABM spin
system (A, B = 31P; M = 13C) and the presence of satellite signals corresponding to an ABMX
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spin system (X = 195Pt). Spectral analysis of complex 1 using the PERCH software (Perch
Solutions Ltd, Kuopio, Finland.) confirmed the assignment of an ABX spin system.

 

Figure 2. 1H NMR spectrum of PASO2-ligand and spin system (DMSO-d6, 200 MHz).

 
(a) 

 
(b) 

Figure 3. 1H NMR spectrum of (a) cis-[Pt(COMe)2(PASO2)2], 1 (DMSO-d6, 200 MHz), and (b) cis-
[Pt(COMe)2(DAPTA)2], 2 (CD3OD, 200 MHz; S = solvent).
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The carbonyl carbon atoms of the acetyl groups in complexes 1 and 2 appeared as
multiplets in the 13C NMR spectra, consistent with ABMX spin systems (A, B = 31P; M = 13C;
X = 195Pt).

The 1JPt,P coupling constants obtained from the 31P NMR spectra (1440 Hz (1) and
1496 Hz (2), Table 1) confirm the cis configuration of complexes 1 and 2. For comparison,
related compounds such as cis-[Pt(COMe)2(PPh3)2] exhibit higher values, ranging from
1563 to 1591 Hz [31]. Notably, the 31P NMR chemical shift in 2 is significantly upfielded
(28 ppm) compared to 1. The resonances observed relative to the corresponding free ligands
(∆δ(P) = δ(Pcoor.) − δ(Pnot coor.)) fall within the range of 32.0–36.1 ppm (Table 1). While
the 31P NMR spectra of 1 displays a singlet with accompanying platinum satellites, 2
shows signal splitting both in the main phosphorus resonance and in its platinum satellites,
indicating magnetic non-equivalence of the two phosphorus nuclei. This splitting might
be attributed to restricted rotation of the cis-coordinated DAPTA ligands or to intrinsic
asymmetry of the ligand due to the spatial arrangement of its acetyl substituents. The 2JP,P

coupling constant of 20 Hz is in the typical range for cis-coordinated phosphines [33].
The trans-bis(phosphane)acetylchloridoplatinum(II) complexes 3 and 4, both featuring

cage phosphines PASO2 and DAPTA, exhibit significantly higher 1JPt,P coupling constants
(3036–3317 Hz) compared to their cis-diacetylplatinum(II) counterparts (1440–1496 Hz).
This substantial increase for about 1700 Hz clearly supports the trans configuration of the
phosphorus donor atoms. The observed values are also consistent with those reported for
related trans complexes, such as [Pt(COMe)Cl(PPh3)2] (1JPt,P of 3470 Hz) [31,34] and trans-
organoplatinum(II) cage phosphine derivatives, where the 1JPt,P ranges between 2560 and
2720 Hz [35]. On the other hand, acetyl–platinum(II) complexes 3 and 4 showed signifi-
cantly higher 1JPt,P values (~3300 Hz) thus pointing out to trans-coordinated phosphine
ligands. This is in accordance with reported values for trans-configured complexes, such as
trans-[Pt(COMe)Cl(PPh3)2] (1JPt,P of 3470 Hz).

In the 1H NMR spectra, the methyl protons of the acetyl ligands resonate between
2.03 and 2.31 ppm, with similar 3JPt,H coupling values across both 1 and 2. In the case of
1, the PASO2 ligands give two separate signals: 4.05 ppm for protons in the upper plane
and 4.52 ppm for those in the lower. Interestingly, coordination to the platinum center
eliminates the observable proton–phosphorus coupling for the upper-plane protons.

For 2, only the methyl protons of the DAPTA ligand and the Pt–COCH3 units appear
as distinct signal patterns (Figure 3b). Integration assigns 18 protons to these methyl groups,
while the remaining 20 protons from the DAPTA framework resonate between 3.5 and
5.8 ppm and were assigned via 13C–1H COSY correlation.

Unlike 2, complex 1 shows well-resolved upper and lower plane signals in its 1H
NMR spectrum (Figure 3a). The four protons of the upper plane form an AA′BB′ spin
system appearing as a multiplet between 4.4 and 4.7 ppm. The lower-plane protons form
an AB system with four lines, slightly more downfield. Notably, upon coordination to
platinum(II), the 2JP,H coupling of the PCH2N methylene group (3.97 ppm) disappears,
resulting in a broad singlet in the 1H NMR spectrum.

The methyl carbon atoms of the acetyl ligands exhibit complex signal patterns in
the 13C NMR spectra. These arise from overlapping ABM spin systems (A, B = 31P;
M = 13C) along with their corresponding platinum satellites, forming an ABMX spin system
(X = 195Pt). For 1 and 2, spectral analysis of the ABM pattern was successfully performed.

It is well known that DMSO can induce solvolysis of platinum(II) complexes (cisplatin,
carboplatin, oxaliplatin), especially those with labile monodentate ligands, leading to the
formation of a mixture of solvolyzed species [36]. From our previous studies, on a K[PtCl2(L-
pro–H)], we have also observed that DMSO-induced ligand substitution processes, under
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certain conditions, occur with the formation of a [PtCl(L-pro–H)(DMSO)] complex, therefore
affecting in vitro activity [37].

To assess stability, we analyzed aged DMSO-d6 solutions (stored for up to 96 h at
room temperature) by 31P NMR spectroscopy (Figure S5). After 96 h of storage, the 31P
NMR spectrum revealed traces of a new species, which is most likely a solvolysis product
gradually forming in solution.

Stability of complexes 1 and 2 was determined by thermogravimetric analysis. The first
step in the decomposition of these compounds was determined at 148 ◦C (1) and 141 ◦C (2),
yielding a mass loss of 6.6%, which corresponded to the removal of one acetyl group. The
second step was observed at 320 (1) and 290 ◦C (2). Both of these steps were characterized
by an exothermic mass loss. The decomposition to elemental platinum was not complete,
even at 1000 ◦C, with mass reductions of 61.2% and 55.7% for 1 and 2, respectively.

2.3. Structure Optimization and NMR Spectra Prediction

The optimization of the structures predicted based on the spectroscopic data was
performed at the B3LYP/6-311++G(d,p)(C,H,N,O,S,P,Cl)/LanL2DZ(Pt) level of theory
in vacuum without any geometrical constraints. This level of theory was suggested in
references [38,39] for the optimization of platinum complexes and assignation of spectra.
The optimized structures are presented in Figure 4.

 
1 2 

 
3 4 

Figure 4. Optimized structures of complexes 1–4 at B3LYP/6-311++G(d,p)(C,H,N,O,P,S,Cl)/
LanL2DZ(Pt) level of theory (hydrogen atoms are omitted for clarity. Carbon—gray, nitrogen—blue,
oxygen—red, sulphur—yellow, phosphorus—dark yellow, chlorine—green, platinum—dark blue).

In the optimized structure of 1, the ligands are positioned in a square planar geometry.
The Pt−P bond distances are 2.422 and 2.426 Å, and they are slightly longer than the
two Pt−C bond lengths (2.075 and 2.076 Å). The angle between two PASO2 ligands is
101.1◦. The angles enclosed by phosphorus, platinum, and carbon atoms are 86.8 and
85.7◦, while two acetyl groups form an 89.4◦ angle. In the trans-isomer, the Pt−P bond
distances in complex 3 are 2.337 and 2.329 Å, with the small difference originating from
the intramolecular interactions with the chlorido ligand, as explained in the following
section. The Pt−P bonds in the trans-isomer are shorter, because of the voluminosity of
the ligands and the special configuration. The bond lengths between the central metal
ion and the carbon and chlorine atoms are 2.023 and 2.521 Å. The angle between two
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phosphorus atoms and platinum(II) is 170.0◦. The angles enclosed by phosphorus, Pt(II),
and carbon are greater (96.1 and 91.8◦) than those including the chlorido ligand (87.1 and
84.9◦). When complex 2 is examined, the Pt−P distances are 2.437 and 2.419 Å, which is
similar to complex 1, which is to be expected, bearing in mind the geometry of the ligand.
The Pt−C bond lengths are almost the same when compared to complex 1 (2.07 Å). The
same applies to the P−Pt−P (100.2◦), P−Pt−C (86.1 and 84.4◦), and C−Pt−C (87.6◦) angles.
When the trans-isomer with DAPTA ligand is examined, the Pt−P bond lengths (2.336 and
2.346 Å) are shorter than in complex 2, but comparable to complex 4. This result also
demonstrates that the geometrical parameters depend on the symmetry of the complex
and various intramolecular interactions between ligands, as will be explained further. The
P−Pt−P angle is 170.1◦, while angles that include chlorido ligands and phosphorus atoms
are 86.6 and 85.0◦.

The geometrical parameters obtained from the DFT-optimized structures are in good
agreement with those reported in the literature for similar Pt(II) complexes [21,40]. The
calculated Pt–P bond lengths in the cis-isomers (2.419–2.437 Å) are slightly longer than those
observed experimentally (ca. 2.25–2.29 Å), which is a known trend for B3LYP/LanL2DZ-
based calculations. The Pt–C bond lengths in our study (2.07–2.08 Å) align well with
experimental values (2.05–2.11 Å), and the calculated P–Pt–P and C–Pt–C angles (ca.
100–101◦ and 87–89◦, respectively) also closely match the experimentally determined
distorted square planar geometries. For the trans-isomers, the computed P–Pt–P angles
(~170◦) and Pt–P bond lengths (ca. 2.33–2.35 Å) are consistent with those reported for
related trans-[Pt(Et)Cl(PTA)2], trans-[Pt(C≡CPh)2(PTA)2], trans-[PtI2(DAPTA)2], and trans-
[Pt(C≡CPh)2(PEt3)2] complexes, confirming the validity of the theoretical model in repro-
ducing realistic molecular structures.

The applicability of the selected level of theory for the optimization of the structure
was additionally examined by comparison between experimental and theoretical 1H and
13C NMR spectra of complex 2. This compound was chosen as the experimental peaks were
well-resolved in the 1H and 13C NMR spectra. The structure of complex 2 was reoptimized
in methanol using a CPCM solvent model. The chemical shifts were calculated by subtract-
ing the chemical shielding of hydrogen/carbon atoms from the chemical shielding of the
same atom types in tetramethylsilane (TMS). The two data sets were compared by calcu-
lating the correlation coefficient (R2), the mean absolute error (MAE), root-mean-square
deviation (RMSD), slope, and bias, as suggested in references [41,42]. These parameters
are listed in Table 2. The MAE parameter is determined as the average absolute difference
between experimental and theoretical values.

When experimental and theoretical values for 1H NMR chemical shifts are compared,
a high correlation coefficient (0.996) and a low MAE value (0.32 ppm) are obtained. The
slope of this dependence was 0.996, which proved that corrections of the theoretical values
were not necessary. Additionally, the low RMSD value of 0.38 ppm and bias of 0.13 ppm
were in line with this conclusion [41].

On the other side, the correlation coefficient for the 13C NMR chemical shift values was
also very high (0.999), but the MAE, RMSD, and bias values indicated the need for slight
correction of the values (Table 2). Based on the value of the slope between the theoretical
and experimental values (0.971), the correction coefficient was determined. Upon correction,
the MAE value lowered to 2.8 ppm, followed by a decrease in RMSD (3.2 ppm) and bias
(−0.7) values. This comparison also allows us to conclude that the selected level of theory
is appropriate for describing complexes and can be used for a detailed examination of the
stabilization interactions in the following section.
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Table 2. Experimental and theoretical (at B3LYP/6-311++G(d,p)(H,C,N,O,P)/LanL2DZ(Pt) level of
theory) 1H and 13C chemical shifts of complex 2 (in ppm).

1H NMR Experimental Theoretical 13C NMR Experimental Theoretical Corrected
Theoretical

NCOCH3 2.07 1.94 NCOCH3 21.4 24.1 23.4
PtCOCH3 2.13 1.97 NCOCH3 21.8 24.6 23.9
PCH2N 3.53 2.91 PCH2N 40.6 44.3 43.0
PCH2N 3.8 3.50 PCH2N 45.4 46.9 45.5
PCH2N+
NCH2N 4.12 3.71 PtCOCH3+PCH2N 44.4 51.4 49.9

PCH2N 4.55 3.86 NCH2N 66.9 66.6 64.6
NCH2N 4.68 4.46 NCH2N 68.1 71.5 69.4
NCH2N 5.08 4.70 NCOCH3 171.9 172.3 167.3
PCH2N 5.26 5.06 NCOCH3 172.2 173.9 168.8
NCH2N 5.7 5.82 PtCOCH3 253.1 264.7 257.0

R2 0.996 R2 0.999 0.999
MAE [ppm] 0.32 MAE [ppm] 3.5 2.8

RMSD [ppm] 0.38 RMSD [ppm] 4.8 3.2
Slope 0.996 Slope 0.971 1.00

Bias [ppm] 0.13 Bias [ppm] −3.4 −0.7

2.4. QTAIM Analysis

The coordination between donor atoms and central platinum ions was explored
through the Quantum Theory of Atoms in Molecules (QTAIM), a reliable framework for
evaluating metal–ligand bonding characteristics and estimating interaction energies in
platinum-based complexes [43–45]. For key bonding interactions, several descriptors were
extracted at the bond critical points (BCPs), including electron density (ρ(r)), the Laplacian
of electron density (∇2ρ(r)), kinetic energy density (G(r)), potential energy density (V(r)),
total energy density (H(r) = G(r) + V(r)), and interatomic bond energy (Ebond = V(r)/2) [43].
According to the classification by Bader and Essen, bonds with ρ(r) > 0.1 a.u. are identified
as shared-shell or covalent interactions, whereas those with ρ(r) near 0.01 a.u. corre-
spond to closed-shell interactions, encompassing hydrogen bonding, ionic bonds, or van
der Waals forces [46,47]. An expanded interpretation was later introduced by Bianchi
et al., using the ratio of G(r) to V(r) to distinguish bonding types: covalent bonds show
−G(r)/V(r) < 1; partially covalent (transit) interactions lie between 1 and 2; and interactions
with −G(r)/V(r) > 2 are considered predominantly ionic [48]. Another indicator of bond
nature is the sign of the total electron energy density—negative values typically suggest
a covalent character. The estimation of interatomic interaction energy was based on the
method by Espinosa, in which energy is derived from the local potential energy density
at the BCP [49]. Table 3 provides an overview of the QTAIM-derived parameters for com-
plexes 1–4. Due to the symmetrical structures of these compounds, only one representative
bond per bond type is listed. The BCPs in structures of complexes are shown in Figure 5.

Table 3. The calculated Bond Critical Points (BCPs) properties at the DFT/B3LYP-D3BJ/6-
311+G(d,p)(H,C,N,O,P,Cl)/LanL2DZ(Pt) level of theory of complexes 1–4.

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]

1

Pt−P 0.082 0.147 166.5 −236.7 −70.2 0.7 −118.3

Pt−C 0.130 0.171 252.5 −392.9 −140.4 0.6 −196.4
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Table 3. Cont.

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]

O···H 0.010 0.033 18.3 −15.2 3.1 1.2 −7.6

H···H 0.006 0.019 10.1 −7.8 2.3 1.3 −3.9

2

Pt−P 0.084 0.150 171.0 −243.7 −72.8 0.7 −121.9

Pt−C 0.131 0.183 260.9 −401.6 −140.7 0.6 −200.8

O···H 0.007 0.022 12.5 −10.8 1.7 1.2 −5.4

H···H 0.006 0.020 10.6 −8.2 2.4 1.3 −4.1

3

Pt−P 0.098 0.142 190.4 −287.5 −97.2 0.7 −143.8

Pt−C 0.144 0.168 277.7 −445.3 −167.6 0.6 −222.6

Pt−Cl 0.059 0.163 139.6 −172.3 −32.7 0.8 −86.2

O···H 0.006 0.020 11.2 −9.1 2.1 1.2 −4.6

H···H 0.004 0.134 7.1 −5.4 1.7 1.3 −2.7

H···Cl 0.008 0.025 13.6 −10.6 3.1 1.3 −5.3

4

Pt−P 0.098 0.140 187.4 −282.5 −95.2 0.7 −141.3

Pt−C 0.145 0.172 282.0 −451.4 −169.3 0.6 −225.7

Pt−Cl 0.059 0.163 139.6 −172.5 −32.8 0.8 −86.2

O···H 0.007 0.026 14.4 −11.9 2.5 1.2 −6.0

H···H 0.005 0.018 9.6 −7.3 2.3 1.3 −3.6

H···Cl 0.008 0.025 13.3 −10.5 2.9 1.3 −5.2

When the results from Table 3 are examined, it can be concluded that in complex 1,
bonds between phosphorus/carbon and platinum have a partially shared-shell character,
with electron densities of around 0.1 a.u. Higher values of electron density in Pt−P
interactions indicate stronger bonds. This is also reflected in the interatomic energy of
−196.4 kJ mol−1, when compared to −118.3 kJ mol−1 (Pt−P). Both of these interactions
also have a total energy density lower than 1, and a −G(r)/V(r) ratio of 0.7/0.6. Other
platinum complexes also contained interactions between the central metal ion and ligands
that had small values of electron densities, positive values of Laplacian, and negative
values of H(r), which suggested partial covalent characters [38]. Other interactions also
influence the overall stability of the complex. The first type of interactions is denoted as
O···H, and it is formed between the carbonyl group of the acetyl ligand and PASO2. This
interaction is characterized by low electron density (0.010 a.u.), characteristic of closed-shell
interactions, with positive H(r) values. The energy of this interaction is −7.6 kJ mol−1.
The cis-configuration of ligands allows the formation of H···H interactions, with even
lower electron density (0.006 a.u.) and energy of −3.9 kJ mol−1. In the trans-configured
complex (5), the value of electron density in Pt−P (0.098 a.u.) and Pt−C (0.144 a.u.) is
higher when compared to the cis-isomer. The energies of these interactions are significantly
higher than those previously discussed. It is important to note that these interactions still
have values of the parameters that resemble shared-shell interactions. Besides stronger
bonds, the configuration of ligands around the central metal ion influences the formation
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of other interactions. Only one O···H interaction is present between the acetyl ligand and
PASO2, with energy of −4.6 kJ mol−1. The orientation of the acetyl group also leads to
the formation of the H···H with the PASO2 ligand (−2.7 kJ mol−1). The importance of the
chlorido ligand is reflected in the electron density of the Pt−Cl bond of 0.059 a.u. and the
interaction energy of −86.2 kJ mol−1, which is lower than for the bonds with carbon and
phosphorus. An additional weak type interaction exists between the chlorido ligand and
the hydrogen atoms of PASO2. This interaction has an energy of −5.3 kJ mol−1. The total
energy density of the BCP between chlorine and hydrogen atoms is 3.1 kJ mol−1, while
−G(r)/V(r) is 1.3. The significance of the weak interactions for the stability of platinum(II)
complexes was also discussed in reference [50].

 

1 2 

 
3 4 

Figure 5. The BCPs (green spheres) in complexes 1–4.

The QTAIM analysis revealed systematically higher electron densities at the bond
critical points and more negative interaction energies for Pt–P bonds in trans-configured
complexes 3 and 4 compared to their cis counterparts, 1 and 2, consistent with stronger
metal–ligand interactions. This observation is further supported by the significantly larger
1JPt–P coupling constants recorded for the trans-complexes (~3300 Hz) relative to the cis-
isomers (~1450 Hz), which typically correlate with increased covalency and orbital overlap.
Additionally, the Pt–P bond lengths were shorter in the trans-complexes, indicating en-
hanced bond order. Taken together, these data qualitatively suggest a greater extent
of π-backdonation or covalent character in the trans-isomers. Further studies involving
orbital decomposition approaches would be required to rigorously assess the extent of
π-backbonding; however, the current results reflect the influence of ligand geometry on
electronic structure and bonding strength.



Inorganics 2025, 13, 253 12 of 19

2.5. Cytotoxicity

Four new acetylplatinum(II) complexes 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 4). For comparison, the cytotoxicity
of cisplatin is also included.

Table 4. IC50 [µM]a values of complexes 1, 2, 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

PASO2, DAPTA >100 >100 >100 >100 >100
1 2.52 ± 0.11 2.33 ± 0.27 1.03 ± 0.18 0.59 ± 0.02 48.85 ± 1.07
2 9.50 ± 0.30 9.64 ± 0.19 10.25 ± 1.13 0.65 ± 0.22 >150
4 57.20 ± 3.14 76.19 ± 3.05 6.56 ± 2.08 1.22 ± 0.29 >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.

The free cage phosphines PASO2 and DAPTA exhibited no cytotoxic activity within
the tested concentration range (0–100 µM) against the investigated cell lines. Coordination
of PASO2 and DAPTA ligands to the platinum center markedly alters tumor cell response.
Coordination can influence key properties such as lipophilicity, cellular uptake, and tar-
get selectivity, resulting in distinct mechanisms of action compared to the free ligands.
These ligands were also selected to enhance solubility and stability in biologically relevant
media, further supporting their role in modulating the overall cytotoxic effects. The cis-
diacetylplatinum(II) complexes 1 and 2 exhibited moderate to high cytotoxicity toward
most of the tested cell lines, except DLD-1. Among all the tested compounds, only complex
1 was active against the DLD-1 line. Notably, complex 3 displayed approximately twice
the potency of cisplatin against the 8505C cell line. It also exhibited comparable activity
to cisplatin against A549 and A2780, but showed reduced efficacy against DLD-1. The
water-soluble complex 2 exhibited enhanced activity toward A2780, displaying in vitro
antitumor effects similar to those of cisplatin. The activity of complex 4 was reduced
compared to the cis-complexes and cisplatin.

A comparative analysis with Pt(II) complexes bearing a PTA ligand reported by Turel
et al. [17] reveals influence of monodentate cage phosphines on cytotoxic behavior. In par-
ticular, the complex [PtCl(5-chloro-7-iodo-8-hydroxyquinolinato)(PTA)] exhibited notable
cytotoxicity against A375 (IC50 = 2.9 µM) and A549 tumor cells (IC50 = 4.3 µM). Similarly, the
analog [PtCl(5,7-dichloro-8-hydroxyquinolinato)(PTA)] demonstrated IC50 values of 3.3 µM
(A375) and 2.5 µM (A549), comparable (A375) or even superior to cisplatin (A549). The high-
est activity was observed for [PtCl(5,7-dichloro-8-hydroxy-2-methyl-quinolinato)(PTA)],
showing an IC50 of only 1.5 µM against A549 cells. These findings align with the present
study, where (di)acetylplatinum(II) complexes bearing cage phosphines such as PASO2 and
DAPTA exhibited moderate to high cytotoxicity in various human cancer cell lines. Taken
together, these findings suggest the potential of cage phosphine–platinum(II) systems as
promising candidates for further development in platinum-based chemotherapy.

3. Materials and Methods
3.1. Chemicals

All other chemicals were obtained from Aldrich or Fluka and used without further
purification. The complexes [Pt(COMe)2H(Cl)(bpy)] and [Pt2{(COMe)2H}2(µ-Cl)2] were
prepared according to research methods [51,52].
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3.2. General Considerations

All reactions were performed under an Ar atmosphere using standard Schlenk tech-
niques. Solvents were dried and distilled before use. NMR spectra (1H, 13C, 31P) were
recorded at 27 ◦C on Varian Gemini 299, VXR 400, and Unity 500 spectrometers. Chemical
shifts are relative to solvent signals (DMSO-d6 δH 2.50, δC 39.5; CD3OD δH 3.31, δC 49.0)
as internal references. H3PO4 (85%) was used as external reference for 31P NMR spectra.
Multiplets of higher order are enclosed in inverted commas or designated as multiplet (m);
the following coupling constants were obtained by simulation using the PERCH-NMR
software package [53]. IR spectra were recorded on a Bruker Tensor 27-IR spectrometer
with a Platinum ATR unit (Bruker Optik GmbH, Ettlingen, Germany). Microanalyses were
performed by the University of Halle microanalytical laboratory using a CHNS-932 (LECO)
elemental analyzer (LECO Corporation, St. Joseph, M, USA).

3.3. Synthesis of Compounds
3.3.1. DAPTA (3,5-Diacetyl-1,3,7-triaza-5-phosphabicyclo[3.3.1]-nonan)

The ligand DAPTA was prepared using a conventional method [16]. Briefly, PTA (1.0 g,
6.37 mmol) was dissolved in water (13 mL) at 0 ◦C. Acetic anhydride (1.9 g, 19.02 mmol)
was dropped stepwise into this solution. After 20 min of stirring at 0 ◦C, the solution was
allowed to come to room temperature. After another 30 min, the solvent was removed,
and the white precipitate was recrystallized from acetone. Yield: 60% (0.87 g). 1H NMR
(200 MHz, CD3OD): δ 2.05/2.07 (s/s, 6H, 2 × CH3), 3.39–3.47 (m, 1H, PCH2N), 3.63 (d,
2JP,H = 11.3 Hz, 2H, PCH2N), 3.93 (ddd, 1H, PCH2N), 4.11 (d, 1H, NCH2N), 4.43 (d, 1H,
PCH2N), 4.66 (d, 1H, NCH2N), 5.05 (d, 1H, NCH2N), 5.14 (d, 1H, PCH2N), 5.73 (d, 1H,
NCH2N).

13C NMR (51 MHz, CD3OD): δ 21.5/21.7 (s/s, 2 × CH3), 38.7 (d, 1JP,C = 27.0 Hz,
PCH2N), 43.9 (d, 1JP,C = 27.7 Hz, PCH2N), 47.5 (d, 1JP,C = 16.0 Hz, PCH2N), 63.0/68.5 (s/s,
2 × NCH2N), 171.8/172.4 (s/s, 2 × CO). 31P NMR (81 MHz, CD3OD): δ −74.1(s).

3.3.2. Synthesis of cis-[Pt(COMe)2(PASO2)2] (1)

A solution of [Pt(COMe)2(NH2Bn)2] (200 mg, 0.40 mmol) and PASO2 (170 mg,
0.80 mmol) in dichloromethane (10 mL) was stirred for 20 min, resulting in a colorless
precipitate. After the addition of diethyl ether (15 mL) to complete the precipitation of
complex 1, the product was filtered off, washed with diethyl ether (3 mL), and dried in a
vacuum. Yield: 190 mg (70%).

Tdec. = 148 ◦C. Elem. Anal. (found. (calc.), %): C14H26O6N6P2S2Pt (695.05), C
24.49 (24.18), H 3.69 (3.77), N 11.59 (12.08), S 9.23 (9.22). 1H NMR1 (500 MHz, DMSO-
d6): δ 1.93 (s+d, 3JPt,H = 15.9 Hz, 6H, COCH3), 3.97 (s, 4H, Hm,Hm’), 4.43–4.67 (m,
8H, Ha/Ha’/Hb/Hb’), 4.73–5.17 (m, 8H, Hax./Häq.). 13C NMR (125 MHz, DMSO-d6): δ

44.1 (m, calc.: 3JP,C = 25.7 Hz, 3JP,C = 2.2 Hz, 2JP,P = −17.4 Hz, COCH3), 49.6 (’t’, calc.:
1JP,C = 11.7 Hz, 3JP,C = 8.2 Hz, 2JP,P = −17.4 Hz, CHmHm’), 50.8 (’t’, calc.: 1JP,C = 9.7 Hz,
3JP,C = 6.5 Hz, 2JP,P = −17. Hz, CHa/bHa’/b’), 71.4 (s, CHax./Häq.), 242.4 (’dd’, CO). 31P
NMR (81 MHz, DMSO-d6): δ −77.2 (s+d, 1JPt,P = 1440 Hz). ESI-MS: m/z (Int. found./calc.
for [Pt(COMe)2(PASO2)2Na]+, %) 716.04 (0/2), 717.03 (80/82), 718.04 (100/100), 719.04
(81/89), 720.04 (21/24), 721.04 (25/28). IR: λ 2973 (w), 1600 (s), 1372 (s), 1336 (m), 1171 (s),
828 (s), 755 (s), 705 (s), 570 (s), 455 (s) cm−1

3.3.3. Synthesis of cis-[Pt(COMe)2(DAPTA)2] (2)

Into a solution of [Pt(COMe)2(NH2Bn)2] (250 mg, 0.51 mmol) in dichlormethane
(10 mL), a solution of DAPTA (250 mg, 1.10 mmol) in dichlormethane (5 mL) was dropped
slowly with stirring. After 15 min, diethyl ether (10 mL) was added. The precipitate formed
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was filtered off, washed with diethyl ether (3 mL), and then dried under vacuum. Yield:
263 mg (71%). Tdec. = 141 ◦C (color change: white to brown). Elem. Anal. (found. (calc.), %):
C22H38O6N6P2Pt (739.60), C 35.84 (35.73), H 5.24 (5.18), N 10.90 (11.36). 1H NMR (500 MHz,
CD3OD): δ 2.07/2.09 (s/s, 12H, 2 × NCOCH3), 2.13 (s+d, 3JPt,H = 17.2 Hz, 6H, PtCOCH3),
3.53–3.66 (m, 2H, PCH2N), 3.80 (m, 4H, PCH2N), 4.12 (m, 4H, PCH2N + NCH2N), 4.55 (d,
2H, PCH2N), 4.68 (d, 2H, NCH2N), 5.08 (d, 2H, NCH2N), 5.26 (m, 2H, PCH2N), 5.70 (d,
2H, NCH2N). 13C NMR (125 MHz, CD3OD): δ 21.4/21.8 (s/s, 2 × NCOCH3), 40.6/45.4
(m/m, 2 × PCH2N), 44.4 (m, PtCOCH3 + PCH2N), 66.9/68.1 (s/s, 2 × NCH2N), 171.9/172.2
(s/s, 2 × NCOCH3), 253.1 (‘dd’, PtCOCH3). 31P NMR (81 MHz, CD3OD): δ −42.2 (d+dd,
1JPt,P = 1496 Hz). IR: λ 3444 (w), 2930 (w), 1629 (s), 1435 (s), 1350 (s), 1236 (m), 1100 (m),
985 (m), 892 (s), 799 (s) cm−1.

3.3.4. Synthesis of trans-[Pt(COMe)Cl(PASO2)] (3)

(a) From the reaction of complex 2 with HCl
To a suspension of 1 (100 mg, 0.14 mmol) in methanol (10 mL), diluted HCl (6%,

0.51 mL, 0.85 mmol) was added dropwise, very slowly. The reaction mixture was stirred
for 18 days at room temperature. Then, diethyl ether (10 mL) was added. The precipitate
was filtered off, washed with a methanolic solution of NaOMe (0.4 M, 5 mL, 2.0 mmol),
then washed with diethyl ether (8 mL), and finally dried under vacuum. Yield 60 mg (70%),
with 20% contamination. 1H NMR (200 MHz, DMSO-d6): δ 2.21 (s+d, 3JPt,H = 12.6 Hz, 3H,
COCH3), 4.12 (s, 4H, HmHm’), 4.58–4.70 (m, 8H, Ha,Ha’,Hb,Hb’), 4.71–5.18 (m, 8H, Heq.,Hax.).
31P-NMR (81 MHz, DMSO-d6): δ −67.2 (s+d, 1JPt,P = 3325 Hz).

(b) From the reaction of complex [Pt2{(COMe)2H}2(µ-Cl)2] with PASO2

To a solution of [Pt2{(COMe)2H}2(µ-Cl)2] (200 mg, 0.31 mmol) in dichloromethane
(10 mL), a suspension of PASO2 (130 mg, 0.63 mmol) in dichloromethane (5 mL) was slowly
added with stirring. After 2 h, diethyl ether (10 mL) was added. The colorless precipitate
was filtered off, washed with diethyl ether (5 mL), and then dried under vacuum. Yield:
161 mg (37%). Elem. Anal. (found. (calc.), %): C12H23ClO5N6P2S2Pt (687.95), C 21.07
(20.95), H 3.48 (3.37), N 12.19 (12.22), S 9.34 (9.32). 1H NMR (200 MHz, DMSO-d6): δ 2.22
(s, 3H, COCH3), 4.13 (s, 4H, Hm/Hm’), 4.63–5.16 (m, 17H, Ha/Ha’/Hb/Hb’/Hax./Heq.).
13C NMR (125 MHz, DMSO-d6): δ 48.1 (t, 1JP,C = 10.6 Hz, PCHmHm’N), 48.8 (m,
PCHa/bHa’/b’N + COCH3), 72.1 (s, NCH2N), 209.3 (t, 2JP,C = 5.0 Hz, 1JPt,C = 848 Hz,
COCH3). 31P NMR (81 MHz, DMSO-d6): δ −67.8 (s+d 1JPt,P = 3359 Hz).

3.3.5. Synthesis of trans-[Pt(COMe)Cl(DAPTA)] (4)

At −80 ◦C, to a solution of [Pt2{(COMe)2H}2(µ-Cl)2] (150 mg, 0.24 mmol) in methanol
(5 mL), DAPTA (110 mg, 0.48 mmol) was added with stirring. After 15 min of stirring at
−80 ◦C, the solvent was removed under vacuum, and the solid residue was dissolved in
dichloromethane (3 mL). The addition of diethyl ether (6 mL) resulted in the precipitation
of the product, which was filtered off, washed with diethyl ether (6 mL), and dried under
vacuum. Yield: 150 mg (85%). Elem. Anal. (found. (calc.), %): C20H35ClO5N6P2Pt (732.02),
C 33.01 (32.82), H 4.79 (4.82), N 11.59 (11.48). 1H NMR (400 MHz, DMSO-d6): δ 1.88/1.90
(s/s, 12H, 2 × NCOCH3), 2.31 (s, 3H, PtCOCH3), 3.48–3.69 (m, 2H, PCH2N), 3.85 (s, 4H,
PCH2N), 4.05–4.22 (m, 4H, PCH2N + NCH2N), 4.49–4.66 (m, 4H, PCH2N + NCH2N),
4.88–5.30 (m, 4H, PCH2N + NCH2N), 5.49 (d, 2H, NCH2N). 31P NMR (81 MHz, DMSO-d6):
δ −35.0 (s+d, 3200 Hz).

3.4. Theoretical Structural Analysis

Geometry optimizations of the selected structures were carried out using the Gaussian
09 software (version C.01) package (Gaussian, Inc., Wallingford, CT, USA) [54] at the
B3LYP/6-311++G(d,p) level for H, C, N, O, P, and Cl atoms, combined with the LanL2DZ
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basis set for Pt [55–57]. This computational approach has been previously validated for
studying structural characteristics of platinum complexes, as reported in references [58,59].
All optimizations were performed without imposing any geometric constraints. To better
reflect experimental conditions, solvent effects (chloroform and methanol) were included
using the Conductor-Like Polarizable Continuum Model (CPCM) [60], corresponding to
the solvents used for NMR measurements.

NMR chemical shifts were computed using the Gauge-Independent Atomic Orbital
(GIAO) method [61,62], with tetramethylsilane (TMS) as the internal reference. Stabilizing
interactions within the structures were further analyzed using the Quantum Theory of
Atoms in Molecules (QTAIM) [63,64], implemented in the AIMAll program Version 19.10.12
(TK Gristmill Software, Overland Park, KS, USA). For QTAIM calculations, the input
wavefunction files (.wfx) were generated using Gaussian 09.

3.5. In Vitro Cytotoxic Studies

The cell lines 518A2, 8505C, A253, MCF-7, and SW480 were generously provided
by Dr. Thomas Müller from the Department of Hematology/Oncology at Martin Luther
University of Halle-Wittenberg, Halle (Saale), Germany. Cells were cultured as monolayers
in RPMI 1640 medium (PAA Laboratories, Pasching, Austria), supplemented with 10%
fetal bovine serum (Biochrom AG, Berlin, Germany) and penicillin/streptomycin (PAA
Laboratories), and maintained at 37 ◦C in a humidified incubator with 5% CO2.

Stock solutions of the test compounds were freshly prepared in dimethyl sulfoxide
(DMSO; Sigma-Aldrich, Darmstadt, Germany) at a concentration of 20 mM, sterilized using
a 0.22 µm Millipore filter, and subsequently diluted in culture medium to the desired work-
ing concentrations. The nutrient medium used for dilution was RPMI 1640, supplemented
as described above.

Cytotoxicity was assessed using the sulforhodamine B (SRB) colorimetric assay (Sigma-
Aldrich, Germany), following standard protocols [65]. Cells were exposed to a range of
compound concentrations (0–100 µM) for 96 h, and all treatments were conducted in
triplicate. The final concentrations of DMSO in any well did not exceed 0.5%, a level shown
to be non-toxic to the cells. Absorbance was measured at 570 nm using a 96-well microplate
reader (Tecan Spectra, Crailsheim, Germany). Half-maximal inhibitory concentrations (IC50

values) were determined from semi-logarithmic dose–response curves.

4. Conclusions
Four novel acetylplatinum(II) complexes containing PASO2 and DAPTA ligands

were synthesized and characterized using spectroscopic and theoretical methods. The
square planar coordination geometry of the Pt(II) center was confirmed for both
cis- and trans-isomers based on NMR data and DFT optimization at the B3LYP/6-
311++G(d,p)(C,H,N,O,P,Cl)/LanL2DZ(Pt) level of theory. Structural differences between
cis- and trans-configured species were reflected in variations in bond lengths, angles, and
the nature of the non-covalent interactions.

Theoretical and experimental 1H and 13C NMR chemical shifts of cis-[Pt(COMe)2

(DAPTA)2] (1) showed strong agreement, confirming the reliability of the selected com-
putational approach. QTAIM analysis provided further insight into bonding interactions,
indicating a partially covalent character for Pt–C and Pt–P bonds in all the complexes, along
with stabilizing closed-shell interactions such as H···H, O···H, and H···Cl contacts. These
interactions were more prominent in the cis-isomers, contributing to their increased stability.

Cytotoxicity studies revealed that cis-[Pt(COMe)2(PASO2)2] (1) displayed significant
activity against the 8505C and A253 cell lines, outperforming cisplatin in the former. The
DAPTA-containing complex 2 exhibited strong activity toward A2780 ovarian cancer cells.
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In contrast, the trans-configured complex 4 demonstrated reduced overall cytotoxicity.
PASO2 and DAPTA alone were inactive under the tested conditions.

The integration of synthetic, spectroscopic, theoretical, and biological analyses has
enabled a comprehensive evaluation of the structural and functional attributes of PASO2-
and DAPTA-based Pt(II) complexes, underlining the importance of ligand geometry and
donor environment in modulating antitumor activity.
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