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Although many platinum cluster complexes have been 
isolated, hexanuclear clusters have remained elusive, and there 
are no reported octahedral Pt6 clusters.1 The only simple Pt6 
cluster remains the anionic [P^CM-COMCO^]2",2 which has 
distorted trigonal prismatic stereochemistry, although several 
clusters are now known in which two [Pt3(w-CO)3(PR3)3] or 
related clusters sandwich a main group metal atom.3 This article 
reports two new types of Pt6 clusters, which are interconvertible 
by the gain or loss of two electrons and one of which is shown 
to have octahedral stereochemistry. 

Reduction of equimolar amounts of [PtCl2(SMe2)2] and 
[PtCl2(dppm)], dppm = Ph2PCH2PPh2, with NaBH4 under a CO 
atmosphere gave the dark red-purple, air-sensitive cluster [Pt6-
(^-CO)6(«-dppm)3], 1, in high yield.4 Cluster 1 is characterized 
spectroscopically to have a structure in which two Pt3(a-CO)3 
triangles are bridged by three /4-dppm ligands: it has ap
proximate Dih symmetry; 1 is isostructural with the palladium 
analog which was reported recently and whose structure was 
determined crystallographically,5 and its spectroscopic properties 
are very similar to those of trinuclear clusters [Pt3(«-CO)3-
(PR3)3].3 In particular, the IR and NMR data establish that all 
carbonyl and CH2 groups and phosphorus atoms are equivalent 
and that the carbonyls are doubly bridging. There is no evidence 
for inteitriangle metal—metal bonding, and it can be considered 
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1 with Cu(NCMe)4BF4 or with Re04~ by oxidation of 1 with Re207. 2 can 
be reduced to 1 by reaction with NaBRi/CO. 

as two clusters of the known type [Pt3(w-CO)3L3]1,3 held together 
only by the /i-dppm ligands. 

Complex 1 is easily oxidized to give the brown-black cluster 

and NMR data clearly show that the carbonyl ligands are 
terminal. In the room temperature NMR, the carbonyl and CH2 
groups and phosphorus atoms are equivalent, but each resonance 
splits into two equal intensity resonances at low temperature.6 

This cluster was characterized crystallographically as the BPh4
-, 

salt, and the structure is shown in Figure I.7 

The metal core in 2 is roughly octahedral, but there are 
distortions from regular geometry. In particular, there are three 
sets of Pt-Pt distances. Those bridged by the dppm ligands 
(a, eq 2) are shortest, those perpendicular to the C3 axis (c, eq 
2) are intermediate, and the remaining bonds (b, eq 2) are 
longest. The structural changes on conversion of 1 to 2 are 
illustrated in eqs 1 and 2. The Pt3 triangles are twisted to go 
from the trigonal prism to the octahedron, with the carbonyl 
and phosphine ligands moving out of the Pt3 plane, and the 
carbonyl groups moving from bridging to terminal positions. 
Complex 2, in idealized form, thus has D3 symmetry, consistent 
with the room temperature NMR data, although the low-
temperature NMR data indicate a lower symmetry C3 ground 
state geometry. The C3 axis is retained on moving from 1 to 2 
as is clear in eq 2. 

The three known Pt̂  clusters have different electron counts 
and geometries. Clusters 2,1, and [Pt«(«-CO)6(CO)6]2_, 3, have 
82, 84, and 86-electron configurations and have octahedral, 2 
x triangular, and trigonal prismatic geometries, respectively. 
It is interesting that either oxidation or reduction of the 84-
electron clusters leads to a net attraction between the triangular 
units.1,2 PSEPT theory predicts that an octahedral cluster should 
require an 86-electron configuration, but the lower number for 
2 is not surprising since platinum typically uses only two 
p-orbitals in bonding.1-2 The cluster [Rh6(M3-CO)4(CO)6(w-
dppm)3] is structurally related to 2 but has an additional four 
/<3-CO groups and has the 86-electron configuration, while [PcV 
(«3-CO)4(PMe3)7] has a very different ligand environment 
compared to 2 but has an octahedral metal core and an 82-
electron configuration.8 To gain further insight into the bonding 
in 2, E H M O calculations were carried out on the model complex 
[Pt6(CO)i2]2 + , 4, in which the dppm ligands of 2 are replaced 
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Figure 1. View of the structure of the cation [Pt6(CO)6(u-dppm)3]2+ 

(phenyl groups omitted). Metal—metal distances (A) followed by bond 
type: Pt(l)-Pt(2) = 2.649(3), a; Pt(l)-Pt(3) = 2.808(3), c; Pt(I)-
Pt(5) = 2.799(2), c; Pt(l)-Pt(6) = 2.907(2), b; Pt(2)-Pt(3) = 2.916-
(2), b; Pt(2)-Pt(4) = 2.781(2), c; Pt(2)-Pt(6) = 2.802(2), c; Pt(3)-
Pt(4) = 2.665(2), a; Pt(3)-Pt(5) = 2.784(2), c; Pt(4)-Pt(5) = 2.883(3), 
b; Pt(4)-Pt(6) = 2.790(3), c; Pt(5)-Pt(6) = 2.656(2), a. 

by CO. The frontier orbitals of a [Pt(CO)2] fragment are hybrid 
dxzP* (occupied, A) and Sp2 (vacant, B) orbitals. In the Di 
conformation the overlap of these orbitals within each original 
Pt3 triangle is weak and the MOs originating from the fragment 
orbitals A and B are easily identified (Figure 2). This is clearly 
an unfavorable conformation for the C3 [Pt3(CO)6]+ unit. 
However, there is now strong bonding between the two 
triangular units as shown in Figure 2. Three strongly bonding 
MOs (Ie + 2aO are formed by overlap of the e combination of 
fragment orbitals A and the ai combination of fragment orbitals 
B, and all are occupied. The orbital 2ai is the HOMO. The a 
combination of fragment MOs A overlap only weakly and give 
MOs lai and la2 (Figure 2). The simplest application of the 
PSEPT theory would predict that six fragment MOs A would 
give three bonding and three antibonding MOs while the six 
fragment MOs B would give one bonding and five nonbonding 
or antibonding MOs and that the four bonding MOs would be 
occupied; this would lead to an 80-electron count. The EHMO 
calculations confirm the presence of four bonding MOs but 
indicate that the weakly antibonding MO la2 is occupied (Figure 
2), thus leading to an 82-electron count. The calculations also 
predict the relative strengths of the nonequivalent P t -P t bonds 
as shown by the correlation of overlap populations in 4 and 
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[PO(CO)Sl+ [Pt6(CO)i2l2+ [Pt3(CO)6]+ 

C3 D3 C3 

Figure 2. Correlation diagram for formation of [Pt6(CO)i2]2+, with 
£>3 symmetry, from two [Pt3(CO)6]2+ fragments, with C3 symmetry. 

Table 1. Correlation of Overlap Populations for the Di Structure 
of [Pt6(CO)I2I

2+ with the Observed Mean Pt-Pt Distances in 2 

Pt-Pt bond" OP(Pt-Pt)* mean rf(Pt-Pt)/A 

a 0.22 2.66 
b 0.15 2.90 
c 0.18 2.79 

" See eq 2 for definitions. * OP = overlap population. 

average Pt -Pt distances in 2 given in Table 1 and thus indicate 
that the variations are due to asymmetry in cluster bonding and 
not to the presence of /i-dppm ligands in 2. The 82-electron 
count is clearly required in order to fill the radial, strongly P t -
Pt bonding MO, while leaving the strongly antibonding orbitals 
vacant. This is therefore likely to be the favored electron count 
for octahedral platinum clusters. Clusters 1 and 2 appear to be 
the first examples of platinum clusters differing only by two 
electrons and so are important in establishing the dependence 
of structure on electron count in clusters where only partial use 
of tangential orbitals is invoked.1 
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