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It has been shown that the occupied dz2 orbital of a d8 transition
metal ion with square-planar coordination geometry can act as a
potential donor to another metal ion (M) resulting in a dative
M(d8)fM bond. Many examples of Pt(II)fM dative bonds have
been reported.1-3 However, this type of bond is generally
supported by a bridging ligand1 or a weakly bridging interaction.2

The molecular orbital scheme for Pt(II)fM dative bonds1c,4

suggests that stronger dative Pt(II)fM bonds will be formed as
the dz2 level moves higher in energy. This will occur when
platinum is placed in a strong ligand field. The present study has
been undertaken to explore the formation of short unsupported
Pt(II)fM dative bonds by using platinum(II) complexes with
carbonσ-donor ligands which exert a strong ligand field. We
report here dative PtIIfCdII bonds which are found to exist in
[{Pt(phpy)2}{Cd(cyclen)}](ClO4)2 (1), [{Pt(CH3)2(bpy)}{Cd-
(cyclen)}](ClO4)2 (2), and [{Pt(thpy)2}{Cd(cyclen)}](ClO4)2 (3)
(Hphpy) 2-phenylpyridine, cyclen) 1,4,7,10-tetraazacyclodo-
decane, bpy) 2,2′-bipyridine, Hthpy) 2-(2-thienyl)pyridine).
To our knowledge, this is the first report of Pt-Cd interelement
bonds.

Compound1 was prepared in acetone solution by combining
[Pt(phpy)2]5 and [Cd(cyclen)(MeOH)2](ClO4)2

6 in a 1:1 molar ratio
at room temperature for 3-4 days. Yellow crystals of [{Pt-
(phpy)2}{Cd(cyclen)}](ClO4)2‚C3H6O (1‚C3H6O)7 were isolated
from this reaction mixture. Yellow crystals of [{Pt(CH3)2(bpy)}-
{Cd(cyclen)}](ClO4)2‚C3H6O (2‚C3H6O)7 and yellow powder of
[{Pt(thpy)2}{Cd(cyclen)}](ClO4)2‚C3H6O (3‚C3H6O)7 were ob-
tained in the same way using [Pt(CH3)2(bpy)]8 or [Pt(thpy)2]9 in
place of [Pt(phpy)2].

ORTEP drawings of [{Pt(phpy)2}{Cd(cyclen)}]2+ in 110 and
[{Pt(CH3)2(bpy)}{Cd(cyclen)}]2+ in 211 show clearly that a
platinum-to-cadmium dative bond is formed in both compounds
(Figures 1 and 2). The Pt-Cd bond distances in1 and2 are 2.639-
(1) and 2.610(1) Å, respectively. These are far shorter (ca. 0.25
Å) than the sum of the metallic bond radii of platinum and
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Figure 1. ORTEP drawing of1 in 1‚C3H6O. Relevant bond lengths (Å)
and angles (deg): Pt-Cd ) 2.6389(8), Pt-N(1) ) 2.139(8), Pt-N(2) )
2.128(8), Pt-C(1) ) 2.00(1), Pt-C(12) ) 2.05(1), Cd-N(3) ) 2.321-
(9), Cd-N(4) ) 2.30(1), Cd-N(5) ) 2.36(1), Cd-N(6) ) 2.34(1); N(1)-
Pt-C(1)) 78.5(3), N(2)-Pt-C(12)) 78.9(3), Pt-Cd-N(3) ) 126.7(3),
Pt-Cd-N(4) ) 117.9(3), Pt-Cd-N(5) ) 109.5(2), Pt-Cd-N(6) )
117.0(3).

Figure 2. ORTEP drawing of2 in 2‚C3H6O. Relevant bond lengths (Å)
and angles (deg): Pt-Cd ) 2.6101(8), Pt-N(1) ) 2.12(2), Pt-N(2) )
2.13(2), Pt-C(1) ) 2.06(2), Pt-C(2) ) 2.04(2), Cd-N(3) ) 2.38(3),
Cd-N(4) ) 2.350(7), Cd-N(5) ) 2.28(1), Cd-N(6) ) 2.295(7); N(1)-
Pt-C(1) ) 174(1), N(2)-Pt-C(2) ) 98.8(9), Pt-Cd-N(3) ) 117(1),
Pt-Cd-N(4) ) 110.7(3), Pt-Cd-N(5) ) 117.8(7), Pt-Cd-N(6) )
125.9(2).
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cadmium (2.88 Å), thus indicating the formation of strong PtfCd
dative bonds. Furthermore, these bonds are not supported by any
other interaction. The coordination geometry around Cd2+ is of a
square pyramidal type with an N4 basal plane in each compound.
In 1, the Pt-Cd bond is tilted by 13.0° from the normal to the
mean square plane around platinum, whereas the corresponding
tilt in 2 is 6.8°. This indicates that the dz2 electrons are involved
in the formation of the PtfCd dative bond.

In each of the synthetic reactions leading to1-3, an immediate
color change from deep yellow (1), or orange (2 and3) to yellow,
was observed when the platinum complexes were mixed with [Cd-
(cyclen)(MeOH)2](ClO4)2. However, no distinct absorption peak
appeared in UV-vis spectra. Experiments varying the Pt:Cd molar
ratio and following the UV-vis absorption intensity in solution
showed the exclusive formation of the 1:1 complex and gave no
evidence for the formation of a 1:2 complex (PtCd2).

Figure 3, parts a and b, compares195Pt NMR spectra of a CD3-

NO2 solution containing [Pt(phpy)2] and [Cd(cyclen)(MeOH)2]-
(ClO4)2 in a 1:3 molar ratio and a CD3NO2 solution containing
only [Pt(phpy)2], respectively. The195Pt NMR chemical shifts are
-1571 and-1918 ppm, respectively. The shift to lower field
upon complexation to Cd2+ suggests a decrease in electron density
on Pt caused by the formation of the PtfCd dative bond.
Similarly, in the presence of a 3-fold excess of [Cd(cyclen)-
(MeOH)2](ClO4)2, [Pt(CH3)2(bpy)] and [Pt(thpy)2] showed their
195Pt NMR signals at-1562 and-1748 ppm in CD3NO2, whereas
in the absence of [Cd(cyclen)(MeOH)2](ClO4)2, their signals
appeared at-1749 and-2194 ppm, respectively. However,
compounds1-3 did not show well-defined195Pt NMR signals
in CD3NO2. It appears that the PtfCd dative bond in these
compounds is dissociated partly in solution to give an equilibrium
mixture of Pt and Cd complexes. In fact, a CD3NO2 solution of
1 showed exactly the same spectrum as mentioned above, when
an excess of [Cd(cyclen)(MeOH)2](ClO4)2 was added to it. These
observations indicate that the PtfCd dative bond can be
maintained in solution under appropriate conditions.

In this study, we demonstrated that square-planar Pt(II) in a
strong ligand field gives rise to strong PtfCd dative bonds. It
has been found that [Pt(phpy)2] and [Pt(thpy)2] react also with
Ag+ to give compounds with PtfAg dative bonds.12
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Figure 3. 195Pt NMR spectra of (a) CD3NO2 solution containing only
[Pt(phpy)2] and (b) CD3NO2 solution containing [Pt(phpy)2] and [Cd-
(cyclen)(MeOH)2](ClO4)2 in a 1:3 molar ratio. Chemical shift is referenced
to K2PtCl4 in D2O.
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