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Abstract: Cyclometallated compounds, particularly with palladium and platinum, have been
extensively studied over the past years in part due to their applications as catalysts in
cross-coupling reactions. They are also useful in medicinal chemistry, and quite a large number
have luminescent properties. Herein, the synthesis and characterization of novel palladium
cyclometallated compounds and a study of their reactivity with a diphosphine ligand is discussed.
Mono- and dinuclear compounds were prepared depending on phosphine ligand coordination.
Characterization has been carried by IR spectroscopy, 'H and 3'P NMR spectroscopy
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1. Introduction

Applications like anticancer agents [1-4] always make cyclometallated compounds a very
interesting kind of complexes to study. In addition, these structures containing transition metals
such as palladium [5,6] or platinum [7,8] make then even more interesting, comparing their activity
to cis-platin.

The ligands used in this research work, thiosemicarbazones, have also been studied in
biological assays, Refs. [9-12] making them a good choice for synthesizing cyclometallated
compounds with different metal centers.

Other important property of these compounds is their catalytic activity [13-15]. This is very
important in chemical and pharmaceutical industry, being used as catalysts in a lot of reactions.

The coordination of the metal center, depending on the ligands used to synthesize the
cyclometallated compounds is really important, creating different kind of structures that could be
studied in cross-coupling reactions like Suzuki or Heck [16-18].

2. Experimental

2.1. Cyclometallated Compounds

K2PdCls or K2PtCls were added in 6 cm? of water. After total solubilization, the corresponding
thiosemicarbazone ligand was added in ethanol (25 cm?). The mixture was stirred at room
temperature for 24 h. A suspension formed, that was centrifugated and the solid was dried under
vacuum.
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Scheme 1. Reaction sequence leading to the synthesis of cyclometallated compounds.

Table 1. Quantities of reagents used.

Compound R M K:MCli(mg) Thiosemicarbazone (mg) Efficiency (%)

la H Pd 200 164 71
2a Me Pd 200 174 78
3a Et Pd 200 185 86
4a H Pt 150 80,7 85
5a Me Pt 150 85,8 85
6a Et Dt 150 90,8 86

2.2. Reaction with Diphosphine

The cyclometallated compound and the corresponding amount of dppm were added under
nitrogen in 15 cm? of deoxygenated acetone. After stirring at 50 °C for 24 h, a solid was obtained, and
was centrifugated and dried under vacuum.
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Scheme 2. Synthesis of mono- and dinuclear structures with dppm.

Table 2. Quantities of reagents used.

Compound R M dppm(eq.) Metallacycle (mg) dppm (mg) Efficiency (%)

1b H Pd 4 35 41,0 60
2b Me Pd 4 35 39,3 75
3b Et Pd 4 35 37,8 72
4b H Pt 4 35 32,3 64
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5b Me Pt 4 35 31,3 59
6b Et Pt 4 35 30,2 61
1c H Pd 2 35 20,5 56
2c Me Pd 2 35 19,7 64
3c Et Pd 2 35 18,9 64
4c H Pt 2 35 16,2 60
5c Me Pt 2 35 15,6 61
6¢ Et Pt 2 35 15,1 66

3. Results and Discussion

All compounds synthesized were characterized by IR spectroscopy, 'H and 3P NMR
spectroscopy.
3.1. IR Spectroscopy

The IR spectra (Table 3) shows that the v(Nhydrazini-H) and v(C=S) stretches are absent in the
cyclometallated compounds, compared to the ligand. These confirm that the deprotonation of the
Hhydrazinic and the loss of C=S double bond character is needed for the formation of the palladacycle.

Table 3. Stretch bands data.

Compound R M V(Nhydrazinic'H) V(C=S)

la H Pd 3159/3292 -
2a Me Pd 3353 -
3a Et Pd 3341 -
4a H Pt 3215/3320 -
5a Me Pt 3286 -
6a Et Pt 3303 -

3.2. 1.H NMR Spectroscopy

The disappearance of the ortho aromatic proton resonance and the hydrazinic proton resonance
ensures cyclometallation.

The aromatic signals change their multiplicity and the signals appear upfield compared to the
ligand due to the coordination of the metal center.
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Figure 1. "H NMR spectrum of compound 6a in DMSO-de.

In both reactions with the phosphine ligand, the spectrums show two differences with the
tetranuclear ones. First, the appearance of the signals related to the diphosphine (Ph2PCH2PPh:). In
addition, the proton H? appears upfield, because of the effect caused by the phenyl rings of the
diphosphine, producing a strong shielding in that position.
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Figure 2. "H NMR spectrum of compound 3c in CDCls.

3.3. 31.P NMR Spectroscopy

3P NMR spectrum gives a lot of information about the structure in solution. Depending on the
coordination of the diphosphine ligand with the tetranuclear structure the signals will differ
considerably, as shown in Scheme 3.
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Scheme 3. Possible behavior of the phosphine ligand.

In these compounds the diphosphine could act as a monodentate ligand or as a brigding
bidentate one.

For the first reaction, the 3P NMR spectrum shows two doublets, one for each phosphorus, due
to the coordination of one of them (¥JPcoordinatedPtree = 79.7 Hz). This agrees with the stoichiometry used
in this reaction, with four equivalents of dppm. In addition, in Figure 3 appears satellites relative to
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the coupling between Pt nucleus and both phosphorus atoms (}JPtPeoordinated = 3835.2 Hz and
3 PtPtree = 66.6 Hz).
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Figure 3. 3'P-{'"H} NMR of compound 5b in acetone-de.
For the second reaction, the spectrum shows only one signal (Figure 4). This agrees with the

structure proposed, because the two phosphorus are coordinated to a metal center and they are
equivalent.
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Figure 4. 3'P-{H} NMR spectrum of compound 3c in CDCl.

4. Conclusions

Coordination to the metal center occurs in the thiol form of the thiosemicarbazone, approved by
IR spectroscopy.

TH NMR spectroscopy confirms cyclometallation, with the thiosemicarbazone ligand as
tridentate [C, N, S].

The cyclometallated compounds show a tetranuclear structure, with two type of bonds between
palladium and sulfur: Pd-Schelate and Pd-Sbridging.

Reaction with dppm 4:1 mixture generates mononuclear compounds with one phosphorus
atom free.

Reaction with dppm 2:1 mixture generates dinuclear compounds with the ligand showing a
brigding bidentate character.
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