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ABSTRACT

Four Pd(II) and Pd(lV) complexes with 3-thiolanespiro-5’-hydantoin and 4-thio-1H-
tetrahydropyranespiro-5’-hydantoin were synthesized. Thechemical structures of newcomplexes
were studied by elemental analysis, IR, *H, **C NMR spectra. The spectroscopic investigation of
new palladium complexes in comparison with the metal free ligands show that the bonding of the
ligands with metal ions is realized through the sulfur atom from the S-containing saturated rings.
This coordination mode is in accordance with the data obtained for the platinum complexes with
the same ligands. The new complexes were investigated for cytotoxicity on panel of human tumor
cell lines. The tested compounds exerted concentration-dependent cytotoxic effects against some
of the tumor cell lines.
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INTRODUCTION

The use of metal-based compounds as therapeutic drugs dates back to 5000 years. In modern days

the introduction of cisplatin in cancer chemotherapy leads to increase the interest of the metal
complexes in medicinal chemistry. The major classes of metal-based anticancer drugs include
platinum(ll), platinum(1V), palladium(ll), palladium(lV), gold(l), gold(Ill), ruthenium(ll),
ruthenium(l11), bismuth(111), rhenium(l), copper(ll), gallium(I1) and tin(IVV) compounds, some of
them having been reported to demonstrate higher anticancer activity in vitro than cisplatin®. Pd(1l)
complexes are more reactive than respective Pt(l1) species. Pd(Il) complexes are used as models in
the studies of ligand exchange reactions in biological systems. These studies have shown the very
special properties of Pd(11) complexes, i.e. they exhibit an intense biological activity. Palladium(ll)
complexes are much more labile than corresponding platinum(Il) complexes, the lability of central
palladium(11) may be much lower because of the shielding effect 2. The Pd(I1) ions are capable of
interacting with DNA thus enabling cross bindings and inhibiting its synthesis as well as inducing
apoptosis *°. It is possible to overcome the high labile-ligand exchange at Pd-center by designing
highly thermodynamically stable and kinetically inert complexes

The palladium(I1) complexes with pyrazole as ligands have been studied by Keter and they caused
apoptosis of cancer cells of human and ovarian fibroma of hamsters °. Palladium(I1) complexes
with ethylenediamine and pyridine show similar effects to those characteristic for cisplatin
cytostatic activity on human leukemia cell line *. The 2-thiosemicarbazones-Pd(l11) complex with
acetyl pyridine as ligand has potent antitumor properties shown in vivo activity against murine
leukemia cells. Giovagniniet al. studied in vitro cytotoxic activity of new palladium(ll) derivatives
of methylsarcosinedithiocarbamate and its S-methyl ester ®. These compounds cause the apoptosis
of human leukemic promyelocytes cell line HL-60 and human squamous cervical adenocarcinoma
cell line HeLa®. The antitumor activity of these complexes is comparable to that of cisplatin, and
the value of the I1Cs factor is even higher than in the case of cisplatin.

Hydantoin derivatives possess a variety of biochemical and pharmacological properties and are
used to treat many human diseases. They possess good anticonvulsant properties and depending on
the nature of substitution on the hydantoin ring, a wide range of other pharmacological properties,
including fungicidal, herbicidal, antitumour, anti-inflammatory, ant-HIV, hypolipidemic,
antiarrythmyc and antihypertensive activities *'°. Although hydantoin compounds are studied
extensively, there are not many studies about their antitumour activity. Recently, the cytotoxicity

of spirohydantoin derivatives was tested in ovarian and breast cancer cells ™. It has been shown
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that a spirohydantoin derivative induces growth inhibition and apoptosis in leukemic cells *2.

Former studies demonstrated that 5-arylidene-2-thiohydantoins have in vitroantimycobacterial
activity 2.

In the previous study from our laboratory has investigated Pt(1l), Pt(1V), Pd(ll) and Pd(IV)
complexes with 3,5-disubstituted hydantoins and spirohydantoins**%. Some of these complexes
showed higher cytotoxicity in vitro than cisplatin.

As a part of our drug discovery program to develop more effective palladium based anticancer
drugs, here we report the antiproliferative activity of some Pd(ll) and Pd(IV) complexes. The
present study represents the synthesis, physicochemical evaluation and pharmacological
investigation of Pd(Il) and Pd(IV) complexes with 3-thiolanespiro-5’-hydantoin (L1) and 4-thio-
1H-tetrahydropyranespiro-5’-hydantoin (L2). The cytotoxic activity of the newly synthesized
Pd(I1) and Pd(IV) complexes was compared with those of Pt(Il) and Pt(IV) complexes with the
same ligands *°.

MATERIALS AND METHODS:

3-thiolanespiro-5’-hydantoin(L1) and 4-thio-1H-tetrahydropyranespiro-5’-hydantoin(L2)
werepreparedand were describedin our previous article. They were used as carrier ligands for the
obtaining of new Pd(ll) and Pd(IV) complexes. Potassium tetrachloropalladate(ll) and Potassium
hexachloropalladate(IVV) chloride utilized for the synthetic procedures were purchased from
Aldrich-USA. All other chemicals were of analytical grade.

ThePd(l1) and Pd(IV) complexes were characterized by elemental analysis, IR, *H, *C NMR
spectra.

The carbon, nitrogen and hydrogen contents of the compounds were determined by elemental
analysis, carried out on a “EuroEA 3000 apparatus.

The IR spectra were recorded on Thermo Scientific Nicolet iS10 spectrophotometer in the range of
4000-400 as ATR and on IFS 113 v Bruker FTIR spectrophotometer in the range of 400-150 cm™
in polyethylene. Intensities of reported IR bands are defined as br = broad, s = strong, m =
medium, and w = weak. The *H and **C NMR spectra were registered on a Bruker WM 250 (250
MHZz) spectrometer in freshly prepared DMSO-ds solutions. The splitting of proton resonances in
the *H NMR spectra is defined as s = singlet, d = doublet, dd = doublet of doublets and m =
multiplet (see Figures 1-4 for NMR numbering scheme). Corrected melting points were

determined, using a Buchi 535 apparatus.
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3 4
Figure 1. Chemical structures of Pd complexes (1 — 4)
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Figure 3
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Figure 4

Pharmacology

The following cell lines were used for the experiments: (i) SKW-3 or a KE-37 derivative (human
T-cell leukemia, established from peripheral blood of a 61-year-old man with T-cell lymphocytic
leukemia); (ii) HL-60 (acute myeloid leukemia, established from the peripheral blood of a patient
with acute promyelocyte leukemia); (iii)EJ (human urinary bladder carcinoma), (iiii) LAMA-84
(human chronic myeloid leukemia, established from peripheral blood of a 29-year-old woman with
chronic myeloid leukemia).

The cell culture flasks and the 96-well microplates were obtained from NUNCLON (Denmark).
MTT, FCS and cisplatin were purchased from Sigma Co. The stock solutions of tested compounds
(10 mM) were freshly prepared in DMSO. The serial dilutions of the tested compounds were
prepared immediately before use. At the final dilutions obtained the concentrations of DMSO
never exceeded 1%.

Cytotoxicity of the compounds was assessed using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

20 with some

diphenyltetrazolium bromide] dye reduction assay as described by Mossman
modifications 2*. Exponentially growing cells were seeded in 96-well microplates (100 pl/well at a
density of 3.5x10° cells/ml for the adherent and 1x10° cells/ml for the suspension cell lines) and
allowed to grow for 24 h prior the exposure to the studied compounds. Cells were exposed to the

tested agents for 72 h, whereby for each concentration a set of 8 separate wells was used. Every
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test was run in triplicate. After incubation with the tested compounds MTT solution (10 mg/ml in
PBS) aliquots were added to each well. The plates were further incubated for 4 h at 37°C and the
formazan crystals formed were dissolved by adding 110 ul of 5% HCOOH in 2-propanol. The
MTT-formazan absorption was measured using a multimode microplate reader (Beckman Coulter
DTX880) and the results were normalized as percentage of the untreated control (set as 100%
viable). The data were fitted to sigmoidal dose-response curves and the 1Cs, values were calculated
using non-linear regression analysis (Curve-fir; GraphPadPrizm software for PC).

Synthesis of palladium complexes

Preparation of cis-dichlorido-bis(3-thiolanespiro-5’-hydantoin)palladium(ll) -  cis-
[PA(L1):Cl>](1)

Water solution of K,[PdCl,] (0.1008 g, 0.3088 mmol) and ethanol/water solution of (L1) (0.1059
g, 0.6157 mmol) were mixed and stirred at room temperature for 7-8 hours. The precipitate was
filtered off and washed with distilled water. The solid product was recrystallized from ethanol
solution and dried under vacuum. The substance is soluble in DMSO, DMF and weakly soluble in
water and ethanol. Anal. Calcd(%) for [Pd(CsHsN20,S).Cl;]: C, 27.62; H, 1.53; N, 10.74;
Found(%): C, 27.24; H, 1.89; N, 11.03; IR (ATR and polyethylene) 3158 br, 3071 br, 1772 m,
1721's, 1674 m, 1053 m, 451 w, 361 br, 316 br; *H NMR (DMSO-ds, 8, ppm): 10.80 (s, 1H, NH-
3); 8.49 (s, 1H, NH-1); 3.20-2.85 (m, 4H, CH,(2)-S+CH>(5)-S); 2.35-2.15 (m, 2H, CH,(4)).
Preparation of cis-tetrachlorido-bis(3-thiolanespiro-5’-hydantoin)palladium(lV) - cis-
[Pd(L1).Cl4](2)

Water solution of K;[PdCls] (0.1029 g, 0.2591 mmol) was added dropwise to ethanol/water
solution of (L1) (0.0861 g, 0.5006 mmol) at constant stirring for 8 hours. The obtained precipitate
was filtered off and washed with distilled water. The solid phase is recrystallized from ethanol
solution and dried under vacuum. The substance is soluble in DMSO, DMF and weakly soluble in
water and ethanol. Anal. Calcd(%) for [Pd(CsHsN.O,S),Cls]: C, 24.32; H, 2.70; N, 9.45;
Found(%): C, 24.67; H, 2.85; N, 9.58; IR (ATR and polyethylene): 3189 br, 3074 br, 1774 m,
1728 s, 1652 m, 1054 w, 450 w, 374 br, 316 br; *H NMR (DMSO-ds, &, ppm): 10.85 (s,1H, N(3)-
H), 8.46 (s,1H, N(1)-H), 3.15-2.85 (m, 4H, CHy(2)-S +CH,(5)-S), 2.20-2.00(m, 2H, CH,(4)).
Preparation of cis-dichlorido-bis(4-thio-1H-tetrahydropyranespiro-5’-
hydantoin)palladium(I1) - cis-[Pd(L2),Cl,].H,O(3)

Water solution of K,[PdCl,;] (0.1006 g, 0.3082 mmol) and ethanol solution of (L2) (0.1150 g,
0.6183 mmol) were mixed and stirred at room temperature for 8-9 hours. The precipitate was

filtered off, washed with several portions of distilled water and dried under vacuum. The substance
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is soluble in DMSO, DMF and weakly soluble in water. Anal. Calcd(%) for
[PA(C7H10N20,S).Cl,].H,0: C, 28.70; H, 4.10; N, 9.57; Found(%): C, 28.82; H, 3.99; N, 9.13; IR
(ATR and polyethylene): 3257 br, 1768 m, 1730 s, 1650 m, 1063 m, 430 w, 367 br, 318 br; *H
NMR (DMSO-dg, 6, ppm): 10.80 (s, 1H, NH-3); 8.50 (s, 1H, NH-1); 3.20-2.85 (m, 2H, CH2(2)(a)
+ CHy(6)(a)); 2.41-2.33 (m, 2H, CHy(2)(e) + CH(6)(e)); 2.09-1.95 (m, 2H, CHy(3)(a) +
CH2(5)(a)); 1.90-1.79 (m, 2H, CH2(3)(e) + CHa(5)(e)). **C-NMR (DMSO-ds, 5, ppm): 177.1 (C=0
—4%); 156.0 (C=0 —2’); 60.5 (C-5"); 32.7 (C(2) + C(6); 27.0 (C(3) + C(5)).

Preparation of cis-tetrachlorido-bis(4-thio-1H-tetrahydropyranespiro-5°-
hydantoin)palladium(1V) - cis-[Pd(L2),Cl4](4)

Water solution of K;[PdCls] (0.1012 g, 0.2548 mmol) was added dropwise to ethanol solution of
(L2) (0.0949 g, 0.5102 mmol) at room temperature for 9 hours. The precipitate was filtered off and
washed with several portions of distilled water. The solid product is recrystallized from ethanol
solution and dried under vacuum. The substance is soluble in DMSO, DMF and weakly soluble in
water. Anal. Calcd(%) for [Pd(C;H10N20,S).Cls]: C, 27.09; H, 3.22; N, 9.03; Found(%): C,
26.78; H, 3.51; N, 9.43; IR (ATR and polyethylene): 3256 br, 3000 br, 1746 m, 1726 s, 1063 m,
431 w, 371 br, 320 br; *H NMR (DMSO-ds, 8, ppm): 10.80(s,1H, N(3)-H), 8.50(s,1H, N(1)-H),
3.10-2.96 (m, 2H, CH2(2)(a) + CH2(6)(a)); 2.41-2.34 (m, 2H, CH2(2)(e) + CH2(6)(e)); 2.27-2.09
(m, 2H, CH,(3)(a) + CHy(5)(a)); 1.90-1.77 (m, 2H, CH,(3)(e) + CH2(5)(e))."*C-NMR (DMSO-d,
8, ppm): 177.1 (C=0 — 4°); 156.0 (C=0 — 2°); 59.7 (C-5"); 32.6 (C(2) + C(6)); 27.5 (C(3) + C(5)).
In vitro studies

The present study describes a comparative evaluation of the cytotoxic effects of the metal free
ligands L1 and L2, the newly synthesized Pd(Il) and Pd(IV) complexes vs. the referent
antineoplastic agent cisplatin on a panel of human tumor cell lines, using the standard MTT-dye
reduction assay for cell viability. The complexes exerted cytotoxic effects after 72 h continuous
exposure, whereby the individual chemosensitivity varied among the different cell lines, as
evidenced by the 1Csy values, summarized in Table 2. The complex (1) proved to be more active as
compared to the ligand L1 on HL-60 and LAMA-84 cell lines. The cytotoxicity of the ligand L2
was comparable with those of the complexes (3) and (4) on SKW-3 cell line. The cytotoxic effects
of the ligands L1 and L2 were similar to the effects of the complexes (1), (2), (3), (4) respectively.
The tested palladium compounds displayed cytotoxic effects in a concentration dependent manner.
The antiproliferative activity of the palladium complexes in comparison with those of the platinum
complexes with the same ligands was similar [19]. This proved that palladium complexes have

analogous cytotoxicity to platinum compounds with the same ligands.
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RESULTS AND DISCUSSION:

Chemistry

The obtaining of the ligands 3-thiolanespiro-5’-hydantoin(L1) and  4-thio-1H-
tetrahydropyranespiro-5’-hydantoin(L2) was prepared by the Bucherer-Berg method and was
described in our previous article *°. Their Pd(I1) and Pd(IV) complexes were synthesized using
procedures which are described in the section Materials and Methods.

The elemental analysis for thenew Pd(11) and Pd(IV) complexes were in good agreement with the
following molecular formulae:[Pd(CsHsN20-S),Cl;](1), [PA(CsHsN202S),Cl4](2),
[PA(C7H10N20,S).Cl,].H,0 (3) and [Pd(C7H1oN20,S),Cl4] (4). Thedetermination of crystal water
content in the complexes (3) was defined by DTA analysis. In order to evaluate the mode of
coordination of the ligands to the metal ions, IR, *H and **C NMR spectra of the metal free ligands
as well as of their Pd(11) and Pd(IVV) complexes were recorded.

Table 1 Physical properties of new palladium complexes

Compound code Mol. Formula Mol. Weight Melting point (°C) Yield (%)
1 Pd(CngNzOzS)zC|g 521.7 243°C (dec.) 74
2 Pd(CsHsN20,S),Cl4 592.6 238°C (dec.) 18
3 Pd(C7H10N20,S),Cl,].H,O  549.7 300°C (dec.) 80
4 Pd(C7H10N20,5),Cly4 620.6 291°C (dec.) 50

Table 2. Cytotoxicity of the Pd(Il) and Pd(1V) complexes with 3-thiolanespiro-5’-hydantoin
and 4-thio-1H-tetrahydropyranespiro-5’-hydantoin(1-4) in comparison to cisplatin in four
human tumour cell lines

Cell line SKW-3* ICsvalues(uM) EJ  LAMA-84°

Compound HL-60"

L1 114.0 202.8 115.2 1745
1 >200 147.5 128.9 75.8
2 151.0 292.2 106.2 150.8
L2 92.6 180.9 1435 101.1
3 111.3 114.4 127.2 182.1
4 147.9 109.2 152.7 178.4
Cisplatin 11.4 8.7 10.2 16.9

*T-cell leukemia; "acute myeloid leukemia, urinary bladder carcinoma, human chronic myeloid
IR spectra

Shifting of the signals corresponding to v(C-S) bond from 1030 cm™ in the metal free L1 to 1054
and 1053 cm™ in the complexes (1) and (2) respectively is observed. In the case of L2 this values
are as follows: 1013 cm™ for L2 and 1063 and 1063 cm™ for complexes (3) and (4) respectively. In
the IR spectra of the complexes (1-4) the new bands at 451, 450, 430 and 431 cm™ are appeared.
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These stretching vibrations can be attached to the v(Pd-S) coordinative bonds. New bands at 374—
316 cm™ were assigned to the v(Pd—Cl) stretching vibrations. In the IR spectra of complexes (1-4)
two bands for v(Pd—Cl) stretching vibrations were observed, implying cis-location of chloride
ligands .

The bands related to the stretching vibrations of the two carbonyl groups in the metal-free ligands
did not shift upon coordination of L1 and L2 to Pd(Il) and Pd(IV) ions, indicating that the C=0
groups were not involved in binding to the metals.

NMR spectra

In the 'H NMR spectra of freshly prepared DMSO-ds solutions of the Pd(I1) and Pd(IV) complexes
with 3-thiolanespiro-5’-hydantoin (1,2), the signals of the protons for CH,(2) and CHy(5) are in
relatively wide range — between 3.20 and 2.85 ppm. This is due to the fact that S-containing ring is
fixed and sulfur atom is bonding with palladium ions.

In the *H NMR spectra of the Pd(11) and Pd(IV) complexes with 4-thio-1H-tetrahydropyranespiro-
5’-hydantoin (3,4) the signals of the protons for CH,(2) and CHy(6) are in more wide range than
previous complexes — between 3.20 and 2.33 ppm. In this case the ring is fixed because sulfur is
bonded with palladium ions; axial and equatorial hydrogens are easily discernment.

In the **C NMR spectra of the Pd(11) and Pd(IV) complexes with 4-thio-1H-tetrahydropyranespiro-
5’-hydantoin (3,4),carbon atoms C(2) and C(6) directly connected to the sulfur. They give one
signal due to the symmetry of the cyclic ring. This signal is at 32.7 ppm for complex (3) and 32.6
ppm for complex (4).

'H and *C NMR spectra of the complexes show little differences between metal free ligands and
newly synthesized Pd(I1) and Pd(IV) complexes. These results show that sulfur atom has relatively
low polarization when is included in the complex.

CONCLUSION
Four complexes of Pd(ll) and PdIV) with 3-thiolanespiro-5’-hydantoin and 4-thio-1H-

tetrahydropyranespiro-5’- hydantoin were synthesized. The molecular formulae of the palladium
complexes were determined by elemental analysis, IR, *H and **C NMR spectra. In all complexes
the coordination mode of the ligands to the metal ions is realized through the sulphur atom from
the cyclic ring. The complexes were tested for antiproliferative activity in vitro on panel of human
tumor cell lines. The tested compounds exerted concentration-dependent cytotoxic effects against

some of the tumor cell lines.
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