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ABSTRACT: The tetranuclear [{Pt(CNC)(tht)}3Tl]-
(PF6) (tht = tetrahydrothiophene; SC4H8; CNC =
C,N,C-2,6-NC5H3(C6H4-2)2; 2) cluster has been prepared
by the reaction of [Pt(CNC)(tht)] (1) and TlPF6 (molar
ratio 3:1) and structurally characterized. The TlI atom is
bonded to three PtII centers bearing a perfect trigonal
coordination. The PtII−TlI bonds are unsupported by any
bridging ligand and are the shortest of this kind reported
so far [2.9086(5) Å]. These intermetallic bonds persist in a
CD2Cl2 solution, as shown by the 195Pt{1H} NMR
spectrum of 2 at 193 K, in which a Pt−Tl coupling of
8.9 kHz is observed.

Heterometallic compounds featuring metallophilic inter-
actions are interesting chemical species that are currently

undergoing a tremendous upsurge.1 Those interactions mainly
involve metal−metal dative bonds between Lewis-acidic (accept-
or) and Lewis-basic (donor) metal fragments,1 and they have
been used as a tool in the field of crystal ormolecular engineering,
linking different subassemblies and resulting in a wide array of
structural types.1,2 In many cases, complexes containing these
metal−metal bonds have been shown to exhibit photophysical
and photochemical properties, such as luminescence, attributable
to the existence of metallophilic interactions.1,2

Tl centers in either of its common oxidation states, TlI 3,4 and
TlIII,3d,5 are fairly represented acceptors in this sort of
heteropolynuclear cluster. The latter ion has a d10 electron
configuration whereas TlI(d10s2) is a typical case of “inert pair”
species.3b,4k The nature of the heterometallic compound
[NBu4]2[Tl{Pt(C6F5)4}2], formally containing TlII, is certainly
more complex because the unpaired electron is almost uniformly
delocalized along the Pt−Tl−Pt axis.6
Among their donor counteparts, PtII(d8) is one of the most

usual, and several structural configurations have been reported:
discrete dinuclear PtTl,4b−f trinuclear PtTl2

4a,g−i or Pt2Tl
“sandwiches”,4k−n tetranuclear “paired” (PtTl)2,

4b,o−s or infinite
networks.4k,n,p,st Often, the Pt−Tl bonds are supported by
bridging ligands between the two metallic centers, and/or the Tl
atoms bear additional ligands.
In the course of our current research, we have developed

synthetic methods for the preparation of complexes containing
Pt−M bonds with the use of strong ligand-field cyclometalated
C^N ligands, such as 7,8-benzoquinolinate (bzq).2a,d,7 This
strong ligand field causes the dz2 platinum orbital to raise its

energy and favors the formation of stronger Pt→M dative
bonds.8 In this Communication, we report the use of a platinum
precursor containing the tridentate cyclometalated C,N,C-2,6-
NC5H3(C6H4-2)2 (CNC; see Scheme 1) ligand in the
preparation of an unprecedented Pt3Tl cluster with three
unsupported PtII→TlI bonds in which the Tl center exhibits a
symmetric trigonal-planar environment.

Complex [Pt(CNC)(tht)] (tht = tetrahydrothiophene;
SC4H8, 1) has been prepared by replacing the dimethyl sulfoxide
(dmso) ligand in [Pt(CNC)(dmso)]9 with tht. The crystal
structure of 1 has been determined by X-ray diffraction (see
Figure S1, Supporting Information) and shows, as expected,
square-planar coordination for the platinum, with structural
parameters very similar to those reported for platinum complexes
containing this9 or similar tridentate CNC ligands.10 No
intermolecular π···π interactions between the aromatic rings of
the CNC plane ligands are present in 1; interactions are found in
the analogous [Pt(2,6-diphenylisonicotinate)(tht)],10 as well as
in other square-planar platinum(II) complexes containing planar
cyclometalated ligands such as 2,6-diphenylisonicotinate2b,10 or
bzq.2a,7,11

The reaction of 3 equiv of 1 with 1 equiv of TlPF6 in
dichloromethane results, after workup of the solution, in a red
solid, the spectroscopic and analytical data of which correspond
to the formula [{Pt(CNC)(tht)}3Tl](PF6) (2; Scheme 1).
Regardless of the Pt/Tl ratios used, no compounds with different
stoichiometries are detected and always 2 and the corresponding
unreacted reactives are obtained.
Suitable crystals for X-ray studies of 2 were obtained, and the

crystal structure of its cation is represented in Figure 1. As can be
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seen, 2 is a tetranuclear Pt3Tl cluster in which the Tl
I center lies in

a 3-fold axis and, thus, the three Pt atoms form a perfect
equilateral triangle, in the center of which lies the Tl atom, with
all of the Pt−Tl−Pt angles being exactly 120°. Because of the
molecular symmetry, the three Pt−Tl distances are the same,
2.9088(5) Å. To the best of our knowledge, this value is the
shortest reported so far for a PtII−TlI bond unassisted by any
bridging ligand or by pairing (PtTl)2 metallocycle systems. The
trigonal environment of the Tl center seems to indicate the steric
inactivity of its lone 6s2 electron pair. Some complexes M3Tl

III

with a symmetrical trigonal environment for the TlIII center are
known. These involve carbonyl complexes of low-valent metals
with the general formula [{M(CO)x(η-C5H5)}3(μ3-Tl)} (x = 3,
M = Cr, Mo;5a x = 2, M = Ru,3d Fe5b) or [{M(CO)4}3(μ3-Tl)}

n−

(n = 0; M = Cr;5b n = 3, M = Fe5b). Nevertheless, 2 is the first
thallium(I) complex in which this striking trigonal environment
is found.
Each Pt atom lies in the center of a square plane, which is

perpendicular to the corresponding Pt−Tl line, the disposition of
which is usually found in complexes showing Pt→M dative
bonds, and which maximizes the overlapping of the full 5dz2 Pt

II

orbital and the empty orbitals of the acidic metal center.4b,f,l It is
more likely that the disposition adopted by the three bulky
“Pt(CNC)(tht)” is optimal (and perhaps the only one possible)
to accommodate them around the Tl atom. The tht rings are bent
away from the interior of the Pt3Tl core, thus minimizing
repulsion with the CNC ligand of the adjacent unit. Moreover,
the plane of the CNC ligands is distorted in such a way that their
pyridine rings, the closest to the tht ligand of the adjacent unit,
are moved back from the best platinum square plane, while the
two phenylene rings, which have less steric hindrance, move
slightly inside the center of the core. It is noteworthy that, despite
the apparent steric hindrance, the Pt−Tl distances are short for
these kinds of complexes.
Each of the phenylene rings of the CNC ligands establishes

π···π interactions with another ring of a neighboring cation, and
as a result, each [{Pt(CNC)(tht)}3Tl]

+ complex is surrounded
by six congeners (see Figure S2, Supporting Information), with
the interplanar distances being about 3.3 Å. As mentioned
previously, these π···π interactions have been found for
complexes containing planar cyclometalated ligands2,7,10,11

As far as we know, there are only three other reports of clusters
in which three donormetal atoms are simultaneously bonded to a
TlI center. One is [{Pt(1,2-propyldiamine)(NHCOtBu)2}4Tl4]-

[Pt(CN)4]2
4 in which infinite Pt−Tl chains are linked via half of

the Tl atoms, resulting in a 3D network. Nevertheless, in this
case, the environment of the Tl atom connected to three Pt
atoms is not symmetric, with longer Pt−Tl bond distances (range
2.986−3.250 Å) and NHCOtBu ligands bridging Pt and Tl. The
other two present a family of six gold(I) complexes,3b,c which are
basically prepared by the incorporation of [AuR2]

− to [AuTlR2]n
(R = C6Cl5, 3,5-C6Cl2F3, 2-C6F4Br, and 2-C6F4I) chains and the
formation of a third Au−Tl bond. The Au−Tl distances range
from 2.935 to 3.466 Å, and the environments of the Tl atoms are
planar, but not symmetrical, being better described as distorted
T-shaped.
The 1H NMR spectra of 1 and 2 in CD2Cl2 show the

corresponding signals for the CNC and tht ligands (see the
experimental details). On the NMR time scale, both halves of
these ligands are equivalent, and thus six and two signals are
observed for CNC and tht, respectively. The most significant
shift of the signals observed in the spectrum of 2with respect to 1
is the corresponding o-phenyl proton (H2) of the CNC ligand,
which moves upfield 0.66 ppm.
The presence of PtII→TlI dative bonds in solution is supported

by 195Pt{1H} NMR spectroscopy. In a CD2Cl2 solution at room
temperature, compound 1 shows a structured 195Pt resonance at
−3914 ppm, due to the quadrupolar nature of 14N of the CNC
ligand, whereas 2 does not show any signal at either room
temperature or 193 K. It appears that compound 2 dissociates in
solution to give an equilibrium mixture of different platinum/
thallium species, which are mutually converted on the 195Pt NMR
time scale. However, upon the addition of excess TlPF6, a

195Pt
NMR signal at −3157 ppm is observed. This downfield shift (ca.
760 ppm) is consistent with the formation of Pt→M dative
bonds in solution and is caused by a decrease of the electron
density around the Pt center upon coordination to M+.2,12

Exactly the same dissociation process at the 195Pt NMR time
scale was formerly observed in solutions of compounds with Pt→
Cd12c and Pt→Ag12a,d dative bonds.
Variable-temperature 195Pt{1H} NMR experiments were

performed on a CD2Cl2 solution of 2 with TlPF6 in excess (see
Figure 2a). At 193 K, it shows a doublet at −3100 ppm due to
Pt−Tl coupling (JPt−Tl = 8.9 kHz), which collapses to a broad
signal at 243 K. This coupling constant value is similar to that
observed in reported compounds with PtII→TlI dative
bonds.4c,d,13 The J(195Pt−203Tl) and J(195Pt−205Tl) coupling
constants cannot be measured because of the broadness of the
signals. At 193 K, the 195Pt NMR spectrum of 1 barely changes; it

Figure 1. Molecular structure of the cation of complex 2.

Figure 2. 195Pt{1H} NMR spectra of compounds: 2 + TlPF6 exc. (a) and
1 (b) in CD2Cl2 at variable temperature.
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displays a singlet at −3901 ppm (see Figure 2b). Both 195Pt
resonances appear downfield-shifted with respect to those at
room temperature and the difference between them has
increased up to 801 ppm. The solid-state 195Pt NMR spectra of
1 and 2 have also been recorded and are in agreement with the
solution spectra at low temperature and with an excess of TlPF6
described here (see Figures S3−S5, Supporting Information).
Thus, from the solution 195Pt NMR spectra, it seems that when

an excess of TlPF6 is added and at low temperature, the
equilibrium is displaced completely toward the Pt3Tl tetranuclear
complex, which is the only platinum/thallium species present in
solution in these conditions and matches with the X-ray
structure. Therefore, the excess of thallium in the media just
prevents the dissociation process. The remarkable downfield
shifts (>750 ppm) in relation to its precursor (1) and the
extraordinarily large value of the PtII−TlI coupling constant (8.9
kHz) are indicative of a fairly strong Pt→Tl dative bond.
It is worth noting that the sample with excess of TlPF6 showed

1H NMR spectra at 293 and 193 K almost identical with that of
compound 2, supporting the idea that there is only one
platinum/thallium species in solution in these conditions.
Preliminary studies on solid samples of 1 and 2 have shown

that they exhibit luminescent properties, which are currently
being investigated.
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(2) (a) Fornieś, J.; Ibañ́ez, S.; Lalinde, E.; Martín, A.; Moreno, M. T.;
Tsipis, A. C. Dalton Trans. 2012, 41, 3439−3451. (b) Fuertes, S.;
Woodall, C. H.; Raithby, P. R.; Sicilia, V. Organometallics 2012, 31,
4228−4240 and references cited therein. (c) Díez, A.; Lalinde, E.;
Moreno,M. T.Coord. Chem. Rev. 2011, 255, 2426−2447. (d)Martín, A.;
Belío, U.; Fuertes, S.; Sicilia, V. Eur. J. Inorg. Chem. 2013, 2231−2247.
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2005, 24, 1631−1637. (c) Fernańdez, E. J.; Laguna, A.; Lasanta, T.;
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