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Abstract: Palladacycles are an important class of organometallic compounds. They are interesting
for their stability and for their important applications as catalysts in cross-coupling reactions. The
work described herein relates to the synthesis of a dicyclometallated compound stemming from a
diamine ligand, with a doubly metallated aromatic ring. Its reactivity towards a variety of tertiary
diphosphines is also considered. The latter ligands show diverse coordination modes, opening the
possibility of synthesizing quite different complex structures bearing transition metal atoms in
close proximity to each other.
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1. Introduction

In the past decades cyclometallated transition metal complexes have attracted much attention.
These cyclometallated compounds usually form five-membered rings [1,2] with a great variety of
transition and non-transition metals, although palladacycles are the most common due to its stability
and ease of synthesis, apart from their useful applications. Most ligands that can be cyclometallated
contain N atoms although many other different ligands have been cyclometallated successfully

Cyclometallated compounds have applications based on their mesogenic[3], luminescent and
electronic[4,5] properties, and they also have potential applications in medicine[6]. The most
important application of these compounds, especially palladacycles, is as catalysts in a variety of
synthetic processes. Palladacycles present interesting applications for synthetic organic chemistry as
efficient catalysts in a variety of carbon-carbon cross-coupling reactions[7,8], which have led to an
increase in interest on these compounds in the last years. For catalytic applications, often control and
modulation of their activity by other ligands is required. Tertiary phosphines have been the most
frequently used ligands for this role.

We have researched extensively terdentate [C,N,X] (X= O, N) ligands, but also bidentate [C,N]
ligands, like imines[9]. In this line of research there have been studies of doubly cyclometallated
compounds [10,11]. These compounds can react with polydentate ligands such as
phosphinesobtaining interesting polymetallic structures, formed by cyclometallated units joined by
bidentate ligands [12]. This work belongs to this line of research, investigating the reactivity of a
doubly metallated palladacycle with diphosphines, which can then lead to the synthesis of new
complex structures.
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2. Materials and Methods

The diimine ligand was prepared by condensation of a dialdehyde with two amine molecules.
2-(methylthio)aniline was added to a solution of terephtaldehyde in chloroform. The reaction was
heated 8 h under reflux in amodified Dean-Stark setup. The solvent was removed under vacuum,
obtaining a yellow solid.
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Figure 1.

The cyclometallated compound was prepared by the dropwise addition of a solution of
palladium acetate in toluene to a solution of the ligand in toluene, under nitrogen atmosphere. The
reaction was then heated for 24 h to 60 °C. The reaction mixture is centrifuged, obtaining a red solid.

In order to purify the compound, a continuous solid-liquid extraction with dichlorometanewas
performed using a Soxhlet extractor. This liquid phase was dried, obtaining a red solid which is the
cyclometallated compound.

CI)Ac
T O Kl iy O
' |
+ 2Pd(OAc)y, —————= N _
@/N\ S (OAc), ©/ N Pd—S._

60°C, 24 h OAc
1 2

Figure 2.

The cyclometallated compound, with an acetate ligand coordinated to the palladium, was
reacted with NaCl in a ligand exchange reaction, to obtain the compound with chloro ligands, which
can be more conveniently removed for the reactions with phosphines. The compound dissolved in
acetone was mixed with a NaCl solution, and the reaction was stirred at room temperature for 24 h
and centrifuged.The red solid obtained is washed with water to eliminate any excess NaCl and
dried.

The synthesis of phosphine derivatives has followed a general method: the cyclometallated
compound has been reacted in acetone solution, with an excess of silver perchlorate to remove the
chlorine ligand and phosphine in the appropriate phosphine:palladacycle stoichiometric ratio. The
reaction mixture is then centrifuged and the solvent is evaporated, obtaining the products which do
react.

Before using different diphosphines a reaction with deuterated tryphenylphoshine has been
carried out to confirm that the compound has not decomposed or degraded in the subsequent
reaction. Due to the poor solubility of the palladacycle with chloro ligands its structure could not be
confirmed unambiguously by NMR

Table 1.Reaction conditions for the reactions with phosphines

Product Phosphine Ratio AgClOs Temperature (°C)
5 dppm 2:1 2:1 r. t.
6 dppm 2:1 - r. t.
7 vdpp 1:1 2:1 50
8 dppf 2:1 2:1 r. t.

Three factors have been studied in these reactions. The first and most important was the
stoichiometric ratio of phosphine used. It is expected that the reactions with phosphine in a 2:1 ratio
to the metallacycle should lead to compounds with the diphosphine acting as a chelate or
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monodentate ligand, while reactions with a 1:1 ratio of phoshine to metallacycle should lead to

compounds with diphosphines as bridging ligands.

The other factors studied were the temperature and the presence or not of a precipitating agent.
Three different diphosphines have been used and, despite some exceptions, most successful
reactions have occurred at room temperature and with a precipitating agent. This seems to confirm
that the precipitating agent is important in the replacement of the chloro ligand, and that a higher

temperature is detrimental to the reaction.
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3. Results and Discussion

The techniques of NMR spectroscopy and IR spectroscopy have been used to characterize the
compounds. The NMR spectra have been done in DMSO, as the compounds were not soluble on
CDCls or decomposed on it, like the ligand.

The comparison of the 'H NMR spectra of the ligand and its cyclometallated compound made
clear the double metalation of the aromatic ring. A general deshielding effect is seen on the
cyclometallated compound due to the electron donation to the metal, especially in the shift of the
signals corresponding to the imine proton and to the thyomethyl group. As the
protonscorresponding to the methylthioaniline ring and the central ring can be easily differentiated,
by looking at the integrals it can be seen that two protons on the central aromatic ring have
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Figure 4.

The IR spectrum of the ligand shows a band corresponding to the C=N bond. The same band
appears in the IR spectrum of the cyclometallated compound, although slightly shifted to smaller
wavenumbers. This confirms the metalation and shows that the ligand coordinates the metal
through the nitrogen lone pair; if coordination was through the 7 electrons of the double bond, there
would be a larger shift in the wavenumber. In the spectrum, bands corresponding to the acetate
ligand also show up.

The 'H NMR spectrum of compound 3 is very similar to the acetate cyclometallated compound,
although the poor solubility makes the compound difficult to characterise. The only difference is the
disappearance of a signal corresponding to the acetate ligand.

The compounds with phosphines were characterized with 3P NMR, apart from "H NMR and IR
spectroscopy. It allowsto obtain information about the compounds even when the proton NMR is
very difficult to interpret.
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The 'H spectrum shows the iminic proton as a doublet due to 4 coupling with the phosphorus
atoms. The peak for the H3- H6 protons is also shifted upfield due to the electronic effects produced
by the aromatic rings of the phosphine nearby, and is also a doublet. The other signals are similar. In
the 3P NMR spectrum a single peak at positive chemical shift which indicates coordination to a

metal is observed.
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Figure 5.

In the 3'P NMR spectrum of compound 4, two peaks at positive shifts appear. These peaks are
doublets with the same, small coupling constant of 5 Hz. This indicates that both phosphorus atoms
are not equivalent but they are coupled to each other and both coordinate to a metal atom, meaning
that the dppm is acting as a chelate ligand. An additional peak, a singlet at negative shift appears,
which corresponds to the complex Pd(dppm)Cl..
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Figure 6.

The proton NMR also shows clues about this structure. Two peaks in the high field region
corresponding to the two SCHs groups are observed, one with the same shift as in the
cyclometallated compound, the other similar to the ligand SCHs group, not coordinated to a metal.
In the low field region of the spectrum it is difficult to see the peaks due to the aromatic protons of
the phosphine phenyl groups, but the peak corresponding to the iminic proton coordinated to the
metal is observed.
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When the reaction conditions are changed, without using the precipitating agent, the results
change significantly. In the 3P NMR a single peak is observed at positive shift which indicates
coordination to the metal. And as before there is another peak at a very low shift which corresponds
to the compound Pd(dppm)Clz. This result, where the P atoms are equivalent, can be explained by a
structure in which the diphosphine acts as a bridging ligand between two cyclometallated
molecules, thus being equivalent.
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Figure 8.
In the successful reaction with vdpp, unlike the other reactions the phosphine was used in a 1:1

ratio. The product seems to be a chelate as it would be expected. This is clearly reflected on the 3P
NMR, where there are two doublets at positive chemical shift.
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Figure 9.

In the proton NMR unlike the previous NMR, only one signal corresponding to the SCH3
groups is observed. Its chemical shift is in agreement with a SCHs group not coordinated to the
metal. The low field region of the spectrum it is difficult to interpret due to all the aromatic protons
of the coordinated phosphine appearing, but one can see at 6,5-7,0 ppm the two protons of the
coordinated phosphine appearing as a complex multiplet (the two alkene protons are not
magnetically equivalent)
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The 3'P NMR of compound 8 shows one peak at a positive shift, indicating that the phosphine
acts as a bridging ligand. However unlike the compound with dppm 4 only one peak corresponding
to the SCHs group is observed. Its shift corresponds to a sulfur atom coordinated to the metal. This
means the compound has a polymeric structure with the cyclometallated units linked to one another
by the diphosphine. This structure may seem uncommon but polymeric structures like this have
been reported for metallacycles.
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Figure 11.

In the 'H NMR spectrum the two singlets corresponding to the cyclopentadienyl rings are
clearly observed. The peaks are deshielded compared to the free phosphine, as it is expected in a
compound where the diphosphine is coordinated to a metal. The chemical shift of the peak
corresponding to the SCHs group also indicates that it is not coordinated to a metal
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4. Conclusions

The synthesis of a doubly metallated palladacycle was accomplished. The reaction of this
metallacycle with diphosphines yields compounds where theseligands exhibit different
coordination modes, depending on the characteristics of each phosphine and the reaction conditions.
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