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The addition of dichloromethane solutions of carbon diselenide to liquid
ammonia containing suspensions of platinum bis-phosphine dichlo-
rides [PtCl2(PRX)n] (n = 2, (PRX) = PMe3, PMe2Ph, PMePh2, and PPh3,
n = 1, (PRX) = dppm, dppe, dppp, dppf ) gives, after evaporation of the
ammonia and extraction of the reaction residues with dichloromethane,
the appropriate platinum bis-phosphine triselenocarbonate complexes
in reasonable yields (40–60%).

Keywords: Bidentate; carbon diselenide; complexes; metallacycles;
triselenoarbonate

The carbonate [CO3]2− dianion A (Figure 1) is the most common and
perhaps the most important of all the known oxoanions of carbon. This
is reflected in the number of known complexes and materials which
appear in the chemical literature. The carbonate dianion also exhibits
many binding modes in its coordination chemistry. Its sulfur analogue
trithiocarbonate [CS3]2− B is considerably less common in terms of both
the number of known compounds and different binding modes. Rarer
still is the triselenocarbonate [CSe3]2− dianion C of which to the best
of our knowledge there is only a single literature example.

Carbon disulfide (CS2) has been used to great effect in the prepara-
tion of a number of di-sulfur donor ligands (Figure 2). Reaction of CS2
with cyanimide (in the presence of base) with, secondary amines, alkox-
ides, and alkali metal hydroxides in polar solvents give, respectively,
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FIGURE 1 Sulfur and selenium analogs of the carbonate anion.

the bidentate disulfur ligands cyanimidodithiocarbonates D, dithio-
carbamates E, dithioxanthogenates F, and the trithiocarbonate di-
anion G1 respectively. It also is well established that substitution of
CSe2 for CS2 in these reaction leads to the diseleno analogues of D,2

E,3 and F.4 This is not the case for reaction G where using carbon
diselenide under the same reaction conditions yields only polymeric
material. The absence of a synthetic method for the generation of the
triselenocarbonate dianion has meant that at present there is only a sin-
gle literature example of a monomeric complex containing this ligand
[(η−5C5H5)Co(CSe3)(PMe3)], this was formed as a reaction bi-product
and isolated in only 7% yield.5

RESULTS AND DISCUSSION

Recently we reported an alternative method for the preparation of
trithiocarbonate complexes of platinum and palladium using liquid am-
monia as the basic medium to produce [CS3].2−6 We have since found
that under that same reaction conditions using CSe2 we can isolate
triselenocarbonate complexes of platinum (Eq. 1).

(1)

The 31P{1H} NMR spectra of the [Pt(CSe3)(PRX)n] complexes are
very similar in terms of both δ(P) and 1 J(31P-195Pt) values but have ad-
ditional 77Se satellites with 2 J(31P-77Se) couplings of typically 25 Hz. In

FIGURE 2 Di-sulfur ligands prepared from carbon disulfide.
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FIGURE 3 Crystal structure of [Pt(CSe3)(PMe2Ph)2].

some examples two sets of 77Se satellites are observed with 2 J(31P-77Se)
couplings of 20 and 30 Hz which we believe are cis and trans 2 J(31P-
77Se) couplings. The ν(C Se) vibrations are observed at ca. 900 cm−1

and the ν(Pt Se) bands are in the region 350–398 cm−1. The crystal
structure of [Pt(CSe3)(PMe2Ph)2] has been determined and shows the
platinum centre exhibits distorted square planer geometry (Figure 3).
The Pt Se 2.456(1) and 2.563(1), Se C 1.860(13) and 1.884(13), and
the C Se 1.794(13) distances are significantly longer than those found
in the corresponding CS3 complex.

Although in most cases the dichloromethane soluble component of
the reaction residue constitutes a single species the use of [PtCl2(PEt3)2]
in this reaction system gives two major products. The first is the antic-
ipated mononuclear species [Pt(CSe2)(PEt3)2] the second is the highly
unusual tetrameric species [{Pt(µ-CSe3)(PEt3)}4] which was deposited
as large red crystals from chloroform. The structure shows the molecue
consists of four [Pt(CSe3)(PEt3)] repeat units and that each platinum
atoms lie in distorted square planar coordination sphere consisting of
a PEt3 ligand two ring selenium atoms and an exocyclic selenium atom
from an adjacent monomeric unit (Figure 4). The molecule is in a tetrag-
onal space group P-42(1)c and has crystallographic four fold symmetry.
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FIGURE 4 Crystal structure of [{Pt(µ-CSe3)(PEt3)}4].

CONCLUSIONS

Triselenocarbonate complexes are accessible via a straightforward (one-
pot) synthetic route by adding CSe2 to [PtCl2(PRX)n] suspensions in
liquid ammonia giving in most examples so far attempted single species
which are easily isolable.
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