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The oxidation of noble metals involves energy-intensive and
environmentally unattractive agents, such as boiling aqua-regia
and cyanide. Many efforts have been dedicated to finding both
safer and selective reagents, since the separation of metals that
are close to each another in the periodic table is one of the great
challenges in the metal refining industry and in other important
fields of application (selective gold etching on GaAs-based
devices and extraction of noble metals in the mining industry
and from exhausted catalysts).1,2

The phenomenon of metal powder activation, including gold,
by dihalogen or interhalogen adducts such as R3PE2‚X2 and R2E′‚
X2 (R ) alkyl, aryl; E ) P, As, Sb; E′ ) S, Se; X2 ) I2, Br2,
IBr) has been pointed out by the extensive work of McAuliffe et
al.3 This finding has a great potential in opening new perspectives,
but these reagents appear unsuitable in practice, because they
require strictly anhydrous and anaerobic conditions and long
reaction times, and because they use polluting materials.

Other dihalogen adducts in polar organic solvents, among them
the well-known “tincture of iodine”, have been successfully used
to dissolve noble metals (Ag, Au, Pd). Noteworthy, Nakao et al.4

have found that gold can be dissolved in the I2/I-/CH3CN system
on heating, and deposited from the resulting solution on cooling.
No reports on the Pt dissolution by these or similar one-step
methods are found in the literature to the best of our knowledge.

With a view to adding favorable conditions to the spontaneity
and selectivity of the oxidation reaction, we selected the diiodine
adducts of cyclic dithio-oxamide donors. These polyfunctional
“soft” donors can give chelation and favor the square-planar
geometry preferred by the“soft” d8 noble-transition metals (Pd-

(II), Pt(II), Au(III)). 5 Moreover these reagents are easy to handle
and are not cytotoxic. The bis-diiodine adduct ofN,N′-dimeth-
ylperhydrodiazepine-2,3-dithione (D) has been shown to be
capable of oxidizing gold in very mild conditions (room temper-
ature) to form the salt [AuDI2]I 3, and to be suitable for use in
practical applications. This reagent is now used in selectively
removing the gold layer from InGaAs SL SQW laser diodes,
without destroying the electrical contacts.2 This is important in
analyzing possible defects at the metal/semiconductor interface
by means of EBIC (Electron Beam Induced Current) analysis,
which should have a poor resolution for the location of the
electrically active lattice fracture when the gold layer acts as an
absorption and scattering layer for incoming primary electrons.
This adduct is not active toward Pt either at room temperature or
in refluxing THF or CH3CN. The reaction of diiodine withN,N′-
dimethylpiperazine-2,3-dithione (Me2pipdt), another cyclic dithioox-
amide with a hexatomic ring despite the heptatomic one in the
previous cited reagent, produces a salt [Me2pipdt]I3 (1) where
[Me2pipdt]+ is the monocation of the donor.1 was characterized
by X-ray structure determination (Figure 1).6

A binary axis, crossing the midpoint of C(1)-C(1′), C(2)-
C(2′), and I(1), passes through both the cation and the anion.
Chains alongb are formed through the contacts S‚‚‚I(2) 3.932(3)
Å, I(1)‚‚‚S 3.993(3) Å, and I(1)‚‚‚C(2) (x, 1 + y, z). I‚‚‚C contacts
among the chains give rise to layers parallel to the plane (001).
Interactions among the layers are due to C‚‚‚C contacts.

By reacting1 with metallic platinum (powder,<400 mesh) in
the stoichiometric ratio, the complex [Pt(Me2pipdt)2](I 3)2 (2) is
obtained (yield 65%), as reported in Scheme 1. The X-ray
characterization of a crystal of210 shows that the metal lies on a
center of symmetry and has a square-planar coordination, while
no planar fragments are found in the ligand. The chelation ring
shows an “envelope” conformation, and the piperazine ring shows
a half-chair conformation. The molecular structure of the [Pt-
(Me2pipdt)2]2+ cation is shown in Figure 2.
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Figure 1. Projection of the structure of [Me2pipdt]I3 alonga. Selected
bond lengths (Å) and angles (deg): I(1)-I(2) 2.909(1); S-C(1) 1.684-
(7); N-C(1) 1.285(9); N-C(2) 1.447(10); N-C(3) 1.468(8); C(1)-C(1′)
(1 - x, y, 1/2 - z) 1.544(12); C(2)-C(2′) 1.438(14); I(2)-I(1)-I(2′)
179.11(3); S-C(1)-N 123.7(5); S-C(1)-C(1′) 118.1(2); C(1)-N-C(2)
122.2(5); C(1)-N-C(3) 121.9(7); C(2)-N-C(3) 115.2(6); N-C(1)-
C(1′) 118.2(4); N-C(2)-C(2′) 114.0(5).
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The triiodide counterions are slightly asymmetrical [I(1)-I(2)
2.899(2) Å and I(2)-I(3) 2.933(2) Å]. The FT-Raman spectrum
shows two peaks at 139 (2.7) and 113 (10) cm-1 assigned to
I-I-I antisymmetrical and symmetrical stretching, respectively.
The Raman activity of the antisymmetrical stretching is due to
the asymmetry of the system. As expected, the relative intensity
of the peaks is reversed in the infrared spectrum.11

The [Pt(Me2pipdt)2]2+ cation shows interesting properties; it
undergoes multistep reversible monoelectronic reductions ascribed
to the following processes:

The half-wave potentials, measured by cyclic voltammetry (Figure
3),12 are respectively-0.13,-0.40,-0.91, and-1.19 V (Ea -
Ec in the 58-62 mV range).

This cation, as the BF4- salt, shows two strong absorptions in
the visible region [489 sh and 516 nm (ε ) 13300 mol-1 dm3

cm-1)]. An approximate calculation of the frontier orbitals using
the package CACAO13 based on the extended Hu¨ckel method
(EHMO) has been performed.13c The frontier orbitals areπ
orbitals, and while HOMO-1 and HOMO contain a significant
contribution of dyz and dxy orbitals of the metal, respectively, the

LUMO is a π* orbital mainly related to the ligand. The cited
absorptions are ascribed to theseπ f π* transitions.

Experiments in progress show that [Me2pipdt]I3, as well as D‚
2I2, can be used to oxidize noble metals (Cu, Ag, Au, Pd) in
very mild conditions (room temperature) with high yields and
short reaction times.

In conclusion, apart from the interest in the new Pt complex,
the relevance of the described reaction lies in the discovery of a
new class of powerful oxidation reagents toward noble metals,
which work in a one-step reaction, and are scarcely polluting and
easy to handle. These reagents have a high potential in that they
can offer industry the possibility of clean and safe technology
for the extraction of noble metals.
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Figure 2. Molecular structure of [Pt(Me2pipdt)2]2+ in [Pt(Me2pipdt)2]-
(I3)2. Selected bond lengths (Å) and angles (deg): Pt-S(1) 2.274(4); Pt-
S(2) 2.289(4); S(1)-C(1) 1.676(15); S(2)-C(2) 1.695(13); N(1)-C(1)
1.317(18); N(1)-C(4) 1.490(17); N(2)-C(2) 1.321(15); N(2)-C(3)
1.427(18); C(1)-C(2) 1.534(18); C(3)-C(4) 1.46(2); S(1)-Pt-S(2)
88.85(15); S(1)-Pt-S(2′) 91.15(15); C(1)-S(1)-Pt 105.7(5). Symmetry
transformations used to generate equivalent atoms:-x + 1, -y + 1, -z
+ 1.

[Pt(Me2pipdt)2]
2+ y\z

E1/2
1

[Pt(Me2pipdt)2]
+ y\z

E1/2
2

[Pt(Me2pipdt)2] y\z
E1/2

3

[Pt(Me2pipdt)2]
- y\z

E1/2
4

[Pt(Me2pipdt)2]
2-

Figure 3. Cyclic Voltammetry of2.
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