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Abstract. Twenty two new Pt(II) and Pt(V) complexes with 3.5-disubstituted hydantoins and spiro-5’-
hydantoins were synthesized and studied. Pt(II) complexes have been prepared as structural analogues of 
cisplatin with different carrier ligands. Pt(IV) complexes were with general formula cis-[PtL2Cl4]. Platinum 
complexes were studied in vitro for cytotoxic activity on panel of human tumor cell lines. The cytotoxicity 
of new Pt(II) complexes were compared with those of Pt(IV) complexes and the reference cytotoxic drug-
cisplatin. The tested platinum agents displayed concentration dependent cytotoxic activity at micromolar 
concentrations. Among the series a Pt(II) complex with 3-benzyl-5-methyl-5-(4-pyridyl)hydantoin as car-
rier ligand proved to be the most active analogue, whose relative potency in SKW-3 cell line was similar to 
that of the reference antineoplastic drug cisplatin.
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Introduction
The history of platinum based anticancer drugs 

began from 1969 when Barnnet Rosenberg discov-
ered the antiproliferative activity of cis-[Pt(NH3)2Cl2] 
[1]. Cisplatin is one of the most effective antitumor 
agents. At present only seven other Pt(II) complexes 
have been introduced in clinical practice worldwide 
(carboplatin and oxaliplatin) or in selected countries 
(nedaplatin, lobaplatin, heptaplatin, miriplatin and 
dicycloplatin) [2-4]. It has been originally accepted 
that only square planar neutral platinum(II) complex-
es with cis-configuration are acting like prodrugs, 
containing two carrier ammine/amine ligands and 
two semilabile leaving groups. In a dissimilar fashion 
nowadays it is well appreciated that not only cis-ori-
ented Pt(II) complexes have antitumor activity, but 
also some trans-oriented Pt(II) complexes and some 
Pt(IV) complexes have showed cytotoxicity [5-7]. 
Platinum(IV) complexes could have several advan-
tages in comparison to their platinum(II) congeners, 
from different points of view: chemical synthetic 
possibilities, their potential improvement of clinical 

practice, by using several administration routes, due 
to their act as prodrugs, as well as their better toxico-
logical profile [8-9]. In the search for new platinum 
anticancer drugs great efforts were devoted to the de-
sign of complexes more efficient and less toxic than 
drugs already in clinical use.

As a part of our ongoing research program the ef-
forts are focused in the design of new ligands and 
new “classical” Pt(II) and Pt(IV) complexes etc.

“Classical” platinum complexes
Pt(II) complexes
Pt(II) complexes with a general formula cis-

[PtL2X2], where L is 3-amino-5-methyl-5(4-
pyridyl)hydantoin(L1), 5-methyl-5-(4-pyridyl)
hydantoin(L2), 3,5-dimethyl-5-(4-pyridyl)
hydantoin(L3), 3-ethyl-5-methyl-5-(4-pyridyl)
hydantoin(L4), 3-propyl-5-methyl-5-(4-pyridyl)
hydantoin(L5), 3-benzyl-5-methyl-5-(4-pyridyl)
hydantoin(L6), and X-is Cl-, Br-, I- have been syn-
thesized [10-12].
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The synthesis of three Pt(II) complexes (4),(5) 
and (6) is realized according to the equation:

K2[PtCl4 + 2L = cis-[PtL2Cl2] +2KCl

The preparation of eight Pt(II) complexes with 
3-amino-5-methyl-5(4-pyridyl)hydantoin(1a,1b,1c), 
5-methyl-5-(4-pyridyl)hydantoin(2a,2b,2c), 3,5-di-
methyl-5-(4-pyridyl)hydantoin(3a,3b) as carrier li-
gands and Cl-, Br- and I- as leaving groups included 
the conversion of the K2[PtCl4] to K2[PtX4] and then 
interaction with the organic ligand.

K2[PtCl4] + 4KX = K2[PtX4] + 4KCl

K2[PtX4] + 2L = cis-[PtL2X2] + 2KX

The obtained complexes were characterized by 
elemental analysis, IR, 1H, 13C, 195Pt NMR spectra, 
molar conductivity and DTA analysis. The chemical 
analysis shows that the molar ratio M: L is 1:2.

On the basis of the obtained data of elemental 
analysis the following chemical formulae of the com-
plexes have been proposed, as follow:

 - For Pt(II) complex with 3-amino-5-methyl-5(4-
pyridyl)hydantoin as carrier ligand and Cl- as 
leaving groups the molecular formula is cis-
[Pt(C9H10N4O2)2Cl2] 2H2O(1a).

 - For Pt(II) complex with 3-amino-5-methyl-5(4-
pyridyl)hydantoin as carrier ligand and Br- as 
leaving groups the molecular formula is cis-
[Pt(C9H10N4O2)2Br2] 4H2O(1b).

 - For Pt(II) complex with 3-amino-5-me-
thyl-5(4-pyridyl)hydantoin as carrier ligand 
and I- as leaving groups the molecular formula 
is cis-[Pt(C9H10N4O2)2I2]·3H2O(1c).

 - For Pt(II) complex with 5-methyl-5(4-pyri-
dyl)hydantoin as carrier ligand and Cl- as 
leaving groups the molecular formula is cis-
[Pt(C9H9N3O2)2Cl2](2a).

 - For Pt(II) complex with 5-methyl-5(4-pyri-
dyl)hydantoin as carrier ligand and Br- as 
leaving groups the molecular formula is cis-
[Pt(C9H9N3O2)2Br2](2b).

 - For Pt(II) complex with 5-methyl-5(4-pyridyl)
hydantoin as carrier ligand and I- as leav-
ing groups the molecular formula is trans-
[Pt(C9H9N3O2)2I2](2c).

 - For Pt(II) complex with 3,5-dimethyl-5(4-
pyridyl)hydantoin as carrier ligand and Cl- as 
leaving groups the molecular formula is cis-
[Pt(C10H11N3O2)2Cl2]•2H2O(3a).

 - For Pt(II) complex with 3,5-dimethyl-5(4-
pyridyl)hydantoin as carrier ligand and I- as 
leaving groups the molecular formula is trans-
[Pt(C10H11N3O2)2I2](3b).

 - For Pt(II) complex with 3-ethyl-5-methyl-5(4-
pyridyl)hydantoin as carrier ligand and Cl- as 
leaving groups the molecular formula is cis-
[Pt(C11H13N3O2)2Cl2](4).

 - For Pt(II) complex with 3-propyl-5-me-
thyl-5(4-pyridyl)hydantoin as carrier ligand 
and Cl- as leaving groups the molecular for-
mula is cis-[Pt(C12H15N3O2)2Cl2]·2H2O(5).

 - For Pt(II) complex with 3-benzyl-5-me-
thyl-5(4-pyridyl)hydantoin as carrier ligand 
and Cl- as leaving groups the molecular for-
mula is cis-[Pt(C16H15N3O2)2Cl2]·H2O(6).

Fig. 1. Structure of the Pt(II) complexes with a general 
formula cis-[PtL2Cl2].

The spectroscopic analysis in solid state and in so-
lution of the Pt(II) complexes with general formulae 
cis-[PtL2X2]·xH2O have manifested that the coordi-
nation mode of the ligands with the platinum ion is 
realized via the nitrogen atom of the pyridine ring.

On the basis of the analytical data the following 
chemical formula was obtained.(Figure 1)

The Pt(II) complex(2c) has trans-configuration 
which is confirmed by IR spectral data. In the IR 
spectrum of the complex one band for Pt-I stretching 
vibration can be observed showing that probably two 
iodine anions were in trans-orientation according to 
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Fig. 2. Structure of trans-[Pt(L3)2I2](3b)
Fig. 3. Optimized structure of the ligand 3-amino-5-

methyl-5-(4-pyridyl)hydantoin with B3LYP/6-
31G** level of theory

Fig. 4. ORTEP image of the 3-amino-5-methyl-5-
(4-pyridyl)hydantoin with corresponding 
numbering of the atoms

Nakamoto [13]. From the theoretic point of view I- 

shows larger trans-effect than Cl- and Br-, but in this 
case the trans-effect of the organic ligand is more im-
portant. (Figure 2)

The organic compound 3-amino-5-methyl-5-(4-
pyridyl)hydantoin(L1) is studied by DFT calcula-
tions to predict its chemical structure [12]. The ge-
ometry was optimized, using B3LYP/6-31G** level 
of theory. This basis set was used for the non-coor-
dinated ligand, because the latter was more appropri-
ate for lighter elements, in comparison to the heavier 
LANL2DZ, used for the metal complexes. Neverthe-
less we also made an optimization with LANL2Dz 
basis set.

The bond lengths and angles, derived from the op-
timization procedure with 6-31** basis set appear to 
be in a very good correlation with the experimental 
data from X-ray analysis [14].

The C-C bond lengths in the pyridine ring are cor-
responding to the lengths in the aromatic ring with σ- 
and one delocalized π-bond, the C-N bonds are short-
er, because of the polarity of these bonds. The bond 
length C6-C8 in the hydantoin ring is corresponding 
to a normal single bond this is also valid for C6-C9 
bonds and C5-C6 bonds. C-N bonds in the hydantoin 
ring have lengths in between single and double bond, 
which is a result of p-π conjugation of the nitrogen 
unshared pair of electrons with carbonyl π-electrons.

The angles in pyridine ring are closer to 120° and 
this is a sign for planarity of the pyridine ring. Hy-
dantoin ring is also planar in which there are angles 
from 101° (sp3 hybrid conditions) - 122° (sp2 hybrid 
conditions). This is a result from p-π conjugation.

The organic compound L1 has been isolated as 
suitable crystals and its structure was determined 
[14]. The results of X-ray diffraction study are shown 
in Figure 4. The racemic compound is crystallized 

in tetragonal space group I41/a with one molecule in 
the asymmetric unit. The dihedral angle between the 
pyridine ring and the five-membered hydantoin ring 
is 47.89(3)°. In the crystal structure, molecules are 
joined in a three-dimensional hydrogen bonded net-
work by N - H…N and N - H…O links.

The organic compound L1 has been used as a 
carrier ligand for preparing of the new Pt(II) com-
plexes. The geometries of the Pt(II) complexes with 
3-amino-5-methyl-5-(4-pyridyl)hydantoin(1a,1b,1c) 
were optimized using B3LYP/LANL2DZ level of 
theory [12]. The bond lengths, angles, some quantum 
chemical parameters as energy of HOMO, LUMO 
and dipole moments were calculated. From the op-
timized structures of the complexes it can be seen 
that the coordination geometry of platinum is square 
planar, so the valent angle Npy-Pt-X is close to 90º 
or 180º, depending on the situation. The angles Npy-
Pt-Npy and X-Pt-X are almost 90º. All of the com-
pounds are in cis-configuration, because two pyridyl 
substituents and halogen atoms are situated on the 
same side according to the plane of platinum atom. 
The pyridine ring and the hydantoin ring are planar. 
The negative values of LUMO show that these com-
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plexes have oxidizing properties. From the calculated 
dipole moments can be assumed that the new Pt(II) 
complexes are polar substances and much more polar 
than the free ligand. The distribution of the charge 
in the Pt(II) complexes and the free ligand was also 
calculated on the basis of the electrostatic potential. 
In all complexes positive charge of both nitrogen at-
oms and negative charge of platinum atom proved 
typical coordinative bonds between pyridine nitrogen 
atoms and platinum atom. Greater electronegativity 
of chlorine and bromine atoms also contributes for 
withdrawal of electronic density from nitrogen atom 
through platinum atom to the halogen atom and for 
decreasing of the charge of nitrogen atom. Calculat-
ed structural parameters for coordinated ligand in all 
complexes were compared with the data for the simi-
lar Pt(II) complexes with other pyridine derivatives 
[12]. (Figure 5)

The structures of the free organic ligand(L2) and 
its Pt(II) complexes(2a, 2b, 2c) were optimized using 
the hybrid DFT method B3LYP with LANL2DZ ba-
sis sets [15]. Some structural parameters of the metal 
free ligand(L2) and the Pt(II) complexes, such as 
bond lengths (Å), angles (º), ESP charges, energy of 

Fig. 5. Optimized geometry of the complex cis-[Pt(L1)2I2]

Fig. 6. Optimized geometries of metal free ligand(L2) and its chloride complex(2a)

LUMO, HOMO and dipole moments werecalculated 
[15]. All the angle sizes are close to 90º or 180º, de-
pending on their position. The Pt(II) complexes have 
lower redox potential (3.0-3.4 eV) in comparison to 
the ligand, which has HOMO/LUMO gap around 5.5 
eV. The lower energy of HOMO(negative) and the 
negative values of LUMO show that these molecules 
have the properties of reducing agents. IR and Raman 
spectra of the new Pt(II) complexes were calculated 
and were compared to the experimental frequencies 
of the IR and Raman spectra. There was good corre-
lation between the experimental data and the scaled 
theoretical IR and Raman frequencies. In all the 
complexes platinum coordinates monodentate man-
ner through the nitrogen atom from the pyridine ring. 
(Figure 6)

Two new mixed Pt(II) complexes with formulae 
cis-[Pt(NH3)(L5)Cl2]·1.5H2O(5a) and trans-[Pt(NH3)
(L5)Cl2]·1.5H2O(5b), where L5 is 3-propyl-5-(4-
pyridyl)hydantoin were prepared [11].

The obtaining of the complex cis-[Pt(NH3)(L5)Cl2] 
1.5H2O is fulfilled according to the next equation:

K[Pt(NH3)Cl3] + L5 = cis-[Pt(NH3)(L5)Cl2] + KCl

But the obtaining of the trans-[Pt(NH3)(L5)Cl2] 
1.5H2O is realized according to the equation:

Cis-[Pt(NH3)2Cl2] + 2L5 = cis-[Pt(NH3)2(L5)2]
2+

The procedure involves direct substitution of both 
chloride ligands by planar ligand, which produces the 
intermediate cis-[Pt(NH3)2(L5)2]

2+ .

Cis-[Pt(NH3)2(L5)2]
2+ + 2conc. HCl = trans-[Pt(NH3)

(L5)Cl2] + NH3 + HL 

On the basis of the obtained data of elemental 
analysis the following chemical formulae of the com-
plexes have been proposed as follow:

 - For Pt(II) complex with 3-propyl-5-methyl-5(4-
pyridyl)hydantoin as carrier ligand and Cl- as 
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leaving ligands the molecular formula is cis-
[Pt(C12H15N3O2)(NH3)Cl2]·1.5H2O(5a).

 - For Pt(II) complex with 3-propyl-5-methyl-5(4-
pyridyl)hydantoin as carrier ligand and Cl- as 
leaving ligands the molecular formula is trans-
[Pt(C12H15N3O2)(NH3)Cl2]·1.5H2O(5b).

The trans-dichlorido species are formed in the 
second reaction step under strongly acidic conditions 
in the presence of chloride. The first ammine ligand 
is labialized at low pH and subsequently substituted 
by chloride anion, which directs the second chloride 
ligand in the trans-position, due to the relative order 
of trans-effect, i.e. Cl-, ammine [16]. Direct substitu-
tion of chloride ion by (L5) at elevated temperatures 
proved to be the method of choice for the sterically 
demanding quinolone [17]. Similarly, the synthesis 
of the cis-analogue, utilized the mutual labialization 
of the trans-oriented chloride ligands in K[Pt(NH3)
Cl3] for the stereospecific introduction of L5. To sub-
stantiate the cis- and trans-isomerism of the obtained 
mixed platinum(II) complexes the IR spectral anal-
ysis is used. These complexes were investigated in 
solid and in liquid state using chemical and spectro-
scopic methods. The obtained data present the same 
coordination mode of the ligand with platinum ion. 
(Figure 7)

Fig. 7. Structures of cis-[Pt(NH3)(L5)Cl2](5a) and trans-
[Pt(NH3)(L5)Cl2](5b)

that have influence on drugs’ biodisposition and ulti-
mately its biological activity [20, 21]. Structure-cy-
totoxicity relationship studies revealed that for many 
compounds increased of lipophilicity is often ac-
companied by increased the cytotoxicity [22]. Taken 
into account our previous experience with cytotoxic 
platinum(II) complexes, carrying hydantoin ligands 
[10, 23] and the approach for increasing of lipophilic-
ity via alkylation, we have prepared more lipophilic 
3-subsituted-5-methyl-5-(4-pyridyl)hydantoins and 
theirPt(II) complexes [11]. 

One new Pt(II) complex with 3-amino-α-
tetralonespiro-5’-hydantoin(L7) and chemical for-
mula cis-[PtL2Cl2](7) was synthesized and character-
ized [24]. In the IR spectra of the complex (7) the new 
bandsat 546–493 cm-1 were assigned to the ν(Pt–N) 
stretching vibrations which impliedcis-location of the 
amino ligands according to Nakamoto [13]. 

The comparative analysis of the 1H NMR spec-
tra of the complex (7) and the free-metal ligand (L7) 
revealed that there was a big shifting of the signal 
of N-NH2 group(from 5.00 in the metal free ligand 
to 8.7 ppm in the complex). The signals of the other 
protons were not shifted extraordinary. This shows 
that the coordination of the ligand (L7) with Pt2+ was 
realized via nitrogen atom of the amino group.

On the basis of the results from the physicochemi-
cal investigation, the following most probable mo-
lecular structure of the Pt(II) complex (7) has been 
offered. (Figure8)

“Classical” Pt(IV) complexes 
Two new Pt(IV) complexes with 5-methyl-5-(4-

pyridyl)hydantoin with formulae cis-[Pt(L2)2Cl4](8) 
and cis-[Pt(L2)2Cl2(OH)2](9) were synthesized [10]. 
The Pt(IV)complex(8) was prepared according to the 
next equation:

PtCl4 + 2L2 = cis-[Pt(L2)2Cl4]

Complex cis-[Pt(L2)2Cl2](2), where L is the 
same ligand - 5-methyl-5-(4-pyridyl)hydanto-
in is oxidized by 30% solution of H2O2 to obtain  
cis-[Pt(L2)2Cl2(OH)2](9) according to the following 
reaction [23].

Cis-[Pt(L2)2Cl2] + H2O2 = cis-[Pt(L2)2Cl2(OH)2]

The chemical structures of the complexes were 
proved by using the spectroscopic analysis like IR, 
1H, 13C and 195PtNMR spectra. The data from 195Pt-
NMR spectra show that signals at 1664 and 2443 ppm 
respectively were detected referenced to K2[PtCl6]. 
Such values of 195Pt chemical shifts are typical for 

As an important factor for the pharmacokinetics 
and the cellular accumulation of the new platinum 
complexes we studied the lipophilicity of the com-
pounds. The lipophilicity of the investigated com-
pounds (1-6) was estimated by calculation of the logP 
values of the carrier heterocyclic ligands (L1-L6), us-
ing the ALOGPS 2.1 applet [18]. In addition, the ex-
tended version of ALOGPS, especially parameterized 
for Pt(II) complexes, was employed for prediction of 
the logP values of the complexes[19].(Table 1)

Lipophilicity is one of the most important factors 
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Pt(IV) complexes with pyridine derivatives [25]. The 
value of δ195Pt chemical shift for (8) is indicative for 
cis,cis,trans-PtIVN2Cl2O2 ligand sphere and correlat-
ed very good with the literature data for Pt(IV) com-
plexes, which have axial Pt-O bonded ligands [26].

Five new Pt(IV) complexes with general formula 
cis-[PtL2Cl4], where L is 3-amino-5-methyl-5(4-
pyridyl)hydantoin(10), 3,5-dimethyl-5-(4-pyridyl)
hydantoin(11), 3-ethyl-5-methyl-5-(4-pyridyl)hy-
dantoin(12), 3-propyl-5-methyl-5-(4-pyridyl)hydan-
toin(13), 3-benzyl-5-methyl-5-(4-pyridyl)hydanto-
in(14)[27].

The studies(elemental analysis, IR, 1H, 13C NMR 
spectra in solid state and in the solution) of new 
Pt(IV) complexes showed that the ligands coordinate 
to the platinum ion in a monodentate manner through 
the nitrogen atom from the pyridine ring. This coor-
dination mode confirmed that the bonding of the li-
gands with the platinum ion was realized at the same 
way like it was observed in Pt(II) complexes with the 

Fig. 8. Pt(II) complex with 3-amino-α-teralonespiro-5’-
hydantoin(7)

Fig. 9. Structure of the Pt(IV) complexes with general 
formula cis-[PtL2Cl4].

same ligands. It proves that the higher oxidation state 
of the complexing agent does not change the coor-
dination mode of the ligands with the platinum ion.
(Figure 9)

One new Pt(IV) complex with 3-amino-α-
tetralonespiro-5’-hydantoin and chemical formula 
cis-[PtL2Cl4](15) was synthesized and characterized 
[24]. In the IR spectra of the complex absorption 
band characteristic for the δ(NH2) was blue shifted 
from 1600 cm-1 for the metal free ligand to 1618 cm-1 
in the complex. Two new bands at 562-551 cm-1 were 
assigned to the ν(Pt-N) stretching vibrations which 
implied cis-location of the amino ligands according 
to Nakamoto [13]. The comparative analysis of 1H 
NMR spectra of the complex and of the free-metal 
ligand revealed that there was a big shifting of the 
signal of N-NH2 group (from 5.00 ppm in the ligand 
to 8.8 ppm in the complex). This shows that the co-
ordination of the ligand with Pt4+ was realized by ni-
trogen atom from the amino group, like in the case of 
Pt(II) with the same ligand.

On the basis of the results, the following most 
probable molecular structure of the Pt(IV) com-
plex(15)could be proposed. (Figure 10)

QSAR analysis
Sixteen Pt(II) and Pt(IV) complexes with gen-

eral formulae cis-[PtL2X2], cis-[PtL2Cl4], cis-
[PtL2Cl2(OH)2] where L is 3-amino-5-methyl-5(4-
pyridyl)hydantoin, 5-methyl-5-(4-pyridyl)hydantoin, 
3,5–dimethyl-5-(4-pyridyl)hydantoinand X- is Cl-, 
Br-, I- were analyzed for the further rational syn-
thesis [23]. Free-Wilson model was derived by PLC 
and the contribution of each substituent was assessed 
quantitatively.
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Fig. 10. Chemical structure of cis-[PtL2Cl4](15)

Free-Wilson QSAR model is based on the addi-
tively concept whereby each substituent makes an 
additive and constant contribution to the biological 
activity regardless of substituent variation in the rest 
of the molecule.

PLC is a projection method, which can handle 
matrics with more variables than observations and 
with noisy and highly collinear data. 

The QSAR study pointed out the positive con-
tribution in cytotoxic activity of non-substituted li-
gands. Substituents 2Cl- and 1H have positive con-
tribution in the cytotoxic activity of the investigated 
compounds. Substituents Pt(IV)-Cl- and Pt(IV)-
(OH)- possess the highest negative contributions fol-
lowed by 2Br-, 1NH2, 2I- and 1CH3.

Pharmacological studies
In vitro cytotoxicity
All Pt(II) complexes (1-6) were studied for cyto-

toxicity in vitro on panel of human tumour cell lines 
[11]. The complexes exerted cytotoxic effects after 
72 h continuous exposure, whereby the individual 
chemosensitivity varied among the different cell 
lines, as evidenced by the IC50 values, summarized in 
Table 1. In order to assess the relative impact of the 
physicochemical peculiarities on the biological activ-
ity we analyzed the correlation between the cytotox-

icity (expressed as logIC50) and the lipophilicity (ex-
pressed as calculated logP values of the complexes 
and of their carrier ligands) (Table 1). The activity of 
the compounds with general formulacis-[Pt(L)2Cl2] 
was strongly dependent on their lipophilicity, which 
is not surprising as the ultimate pharmacological tar-
get of platinum drugs is the genomic DNA. Hence 
their ability to penetrate biological membranes is of 
paramount importance for attaining sufficient intra-
cellular levels and exerts cytotoxicity. Complex (6), 
featuring 3-benzyl-5-methyl-5-(4-pyridyl)hydan-
toin as carrier ligand proved to be the most active 
analogue within this series, whose relative potency in 
SKW-3 (IC50 = 9.2 μM ) was actually similar to that 
of the reference antineoplastic drug cisplatin (IC50 
= 11.4 μM). Other platinum(II) complexes from the 
type cis-[PtL2Cl2], where L is a pyridine containing 
ligand (e.g. pyridine carboxamide) demonstrating 
in vitro cytotoxicity comparable with cisplatin were 
also recently reported [28].

The mixed am(m)ine complexes with general for-
mula [Pt(NH3)(L5)Cl2]∙xH2O (5a and 5b) have dem-
onstrated lower cytotoxic potential than complex(5)
(cis-[Pt(L5)2Cl2]∙1.5H2O), featuring the same hydan-
toin ligand. In accordance with the well appreciated 
classical structure-activity rules for Pt(II) complex-
es, complex(5b) (trans-[Pt(NH3)(L5)Cl2]∙1.5H2O) 
was far less active compared to its cis-coordinated 
counterpart(5a) within the cell lines used, causing 
50% inhibition of cellular viability at sufficiently 
higher concentrations. However, non-classical Pt(II) 
complexes with trans geometry, demonstrating high-
er in vitro cytotoxicity, than their cis analogues have 
also been reported in literature[29, 30]. (Table 1)

The cytotoxic effect of newly synthesized 
platinum(II) complex with3-amino-α-teralonespiro-
5’-hydantoin on SKW-3 human tumor cell line dis-
played concentration dependent cytotoxic effect at 
micromolar concentrations but it is less than the ref-
erent cisplatin [24].

Cytotoxicity of cis-[PtL2Cl4](8) after co-admin-
istration of biological reducing agent

Pt(IV) complexes are considered as inert prod-
rugs which are capable of interacting with DNA and 
hence killing cells only upon reduction to square pla-
nar Pt(II) species [31]. On this ground we aimed at 
evaluating whether the presence of certain biologi-
cal antioxidants, known to reduce Pt(IV) complexes, 
would condition an augmentation of the biological 
activity of cis-[PtL2Cl4](8), where L is 5-methyl-
5-(4-pyridyl)hydantoin. To meet this objective SKW-
3 cells were treated for 72 h with the same complex 
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at 25, 50, 100 or 200 µM alone or in combination 
with either ascorbic acid, N-acetylcystein(NAC) or 
glutathione(GSH). The biological reducers were ap-
plied at non-cytotoxic concentrations – 12.5 or 50µM.

From the obtained results, the thiols NAC and 
GSH failed to produce any significant modulation 
of the antiproliferative activity of (7). This could be 
ascribed to their propensity to form Pt-adducts and 
hence even though certain reduction of (7) to more 
cytotoxic Pt(II) species could not be ruled out, these 
could in term be neutralized via interactions with 
the thiol moieties of NAC and GSH. In a dissimilar 
fashion ascorbic acid caused a frank augmentation of 
the antiproliferative activity of (8) which was more 
pronounced at lower concentrations of the complex. 
These data indicate that the cytotoxic effects of the 
(8) in SKW-3 cells are the most probably mediated 
by its reduced biotransformation products.

A comparative evaluation of six Pt(IV) complexes 
with 5-methyl-5-(4-pyridyl)hydantoin(8), 3,5-dime-
thyl-5-(4-pyridyl)hydantoin(11), 3-ethyl-5-methyl-
5-(4-pyridyl)hydantoin(12), 3-propyl-5-methyl-5-(4-
pyridyl)hydantoin(13), 3-benzyl-5-methyl-5-(4-pyri-
dyl)hydantoin(14), 3-amino-5-methyl-5(4-pyridyl)
hydantoin(10)vs. the referent antineoplastic agent 
cisplatin on a panel of human tumour cell lines was 
presented [27]. The tested compounds displayed cy-
totoxic effects in a concentration dependent man-
ner. The nature of the ligands greatly influenced the 
relative potency of the complexes, whereby superior 
activity within the series was established with the 
Pt(IV) complex with 3-benzyl-5-methyl-5-(4-pyri-

Table 1. Cytotoxicity of the investigated platinum complexes in comparison to cisplatin in four human cell lines, to-
gether with calculated logP values of the ligands and their platinum complexes

compound
IC50 (µM)

ALogPs (L)e Average 
logP (L)f

ALogPs 
(complex)gSKW-3a HL-60b EJc LAMA-84d

1 159.2 > 200 > 200 >200 -0.44 -0.83 -0.64 
2 64.7 130.8 125.0 179.4 -0.19 -0.23 -0.55 
3 39.7 84.7 124.2 150.1 -0.07 -0.05 -0.35 
4 39.2 60.8 80.8 144.2 0.64 0.39 0.08 
5 27.2 22.2 71.2 125.8 1.09 0.83 0.31 
5a 64.8 77.1 82.2 117.4 1.09 0.83 -1.05 
5b 101.2 123.4 157.8 > 200 1.09 0.83 -1.05 
6 9.2 18.4 36.7 29.2 1.50 1.50 0.80 

cisplatin 11.4 8.7 10.2 16.9 - - -2.30 ± 0.79

aT-cell leukemia; bacute myeloid leukemia, curinary bladder carcinoma, dhuman chronic myeloid, ecalculated logP values 
for the carrier ligands (L), using ALOGPS 2.1, f “Consensus” prediction of logP of the carrier ligands (L), obtained as 
average from the calculations with several programs, gcalculated logP values for the complexes (with estimation of the 
error of prediction), using the extended version of ALOGPS 2.1, parameterized for Pt(II) complexes

dyl)hydantoin(12), causing 50% inhibition of cel-
lular viability at micromolar concentration, whereas 
the activity of the other complexes proved to greatly 
decrease in the order 13-12-11-8-10 (Table 2). 

Complex
IC50 values(µM)

SKW-3a HL-60b EJc LAMA-
84d

10 > 200 > 200 > 200 > 200
8 > 200 > 200 > 200 > 200
11 > 200 131.4 187.2 > 200
12 183.1 87.2 152.0 140.8
13 44.2 64.2 95.8 74.2

13 + Vit. C 4.2 31.7 38.2 55.4
14 33.4 22.5 42.1 44.5

Cisplatin 11.4 8.7 10.2 16.9

Table 2. Cytotoxicity of all studied Pt(IV) complexes 
(8,10-14) in comparison to cisplatinin four 
human tumour cell lines.

aT-cell leukemia; bacute myeloid leukemia, curinary blad-
der carcinoma, dhuman chronic myeloid leukemia

Conclusion
Twenty two new Pt(II) and Pt(IV) complexes with 

3.5-disubstituted hydantoins and spiro-5’-hydantoins 
were synthesized, characterized and studied in vitro 
for cytotoxicity on panel of human tumour cell lines. 
Twelve complexes are analogues of cisplatin with 
general formula cis-[PtL2X2], two are mixed am-
mine Pt(II) complexes with formulae cis-[Pt(NH3)
(L5)Cl2]·1.5H2O(5a) and trans-[Pt(NH3)(L5)
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Cl2]·1.5H2O(5b), seven are complexes with general 
formula cis-[PtL2Cl4] and one is Pt(IV) complex with 
hydroxide ions as axial ligands. All these complexes 
have similar chemical structures – ligands coordinat-
ed with platinum ions via nitrogen atom from pyri-
dine ring. Pt(II) and Pt(IV) complexes displayed con-
centration dependent cytotoxic effect at micromolar 
concentrations. Only Pt(II) complex(6), featuring 
3-benzyl-5-methyl-5-(4-pyridyl)hydantoin as carrier 
ligand proved to be the most active analogue, whose 
relative potency in SKW-3 cell linewas similar to that 
of the reference antineoplastic drug cisplatin.
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