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polynuclear metal centers has been thwarted by the dif-
ficulty in kinetically observing individual steps in trans-
formations. Typical thermolysis reactions of polynuclear
ruthenium- and osmium-based clusters,!* for example, are
not amenable to detailed study since side reactions can
ensue; moreover, analysis of reaction pathways is some-
times based entirely on product identification. The bi-
nuclear rhodium hydride systems discussed here on the
other hand are very reactive, and many transformations®
can be followed by spectroscopic means. We are convinced
that this system along with a few other selected binuclear's
and trinuclear® complexes are providing fundamental in-
formation on the primary processes of polynuclear metal
complexes.
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Summary: The coordinatively unsaturated species
H,M,(C0)g*~ (M = Mo, W) react with diphenylphosphine
to form products incorporating bridging hydrido and
phosphido ligands, (u-HYu-PPhIM{CO)s*~. A mixed-metal
cluster, (u-PPh,)(u-n°-(PhsPAu),)W,(CO)s~, derived from
(u-H)u-PPh,)W,(CO)®2-, was structurally characterized by
X-ray diffraction.

Addition of Ph,PH to the coordinatively unsaturated
species [EtN],[H,M;(CO)g] (1, M = Mo; 2, M = W) yields
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Figure 1. ORTEP drawing of (u-PPhy) (u-n*(PhyPAu),) Wo(CO)g~.
Phenyl groups except ipso carbon atoms are omitted for clarity.
The ellipsoids are drawn with 30% probability boundaries.

[Et,N1o[(u-H) (u-PPhy) [My(CO)s] (3, M = Mo, 51%; 4, M
=W, 80%).! The infrared spectral pattern of these new
complexes in the CO stretching region is very similar to
the isoelectronic manganese analogue (u-H)(u-PPh,)-
Mn,(C0O)s.2 The 'H and 3'P NMR spectra are also con-
sistent with their formulation: (a) the chemical shifts of
the bridging hydrides for 3 and 4 are comparable with
those reported in literature,®5 (b) the presence of 1:6:1
triplet due to *¥¥W-H coupling in 4 suggests the existence
of a symmetrically bridged M-H-M linkage;®7 (c) the 3P
NMR spectra for 3 and 4 are in agreement with a phos-
phido group symmetrically bridging a metal-metal bond.?
While two-bond P-H coupling between the hydrido and
the phosphido ligands could be clearly seen in the 'H and
31p NMR spectra of 3, no such coupling was observed for
4. The chemical behavior of 4 (vide infra) provided further
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evidence of its correct formulation.

The mechanism of the formation of 3 and 4 is presently
unknown. We did observe gas evolution (presumably H,)
during the reactions. It was not possible to resolve whether
(a) M,(CO)g(PhyPH),? formed as in the case of the syn-
thesis of W,(CO)s(PMej),>® or (b) HMy(CO)g(Ph,PH)"
formed instead. Oxidative addition of a coordinated sec-
ondary phosphine to a metal center with concurrent P-H
bond cleavage has ample precedent.!® Another coordi-
natively unsaturated complex, Hy0s3(CO),,, was reported
to react similarly with Ph,PH to form (u-H)(u-PPh,)-
OS3(CO)10.H

Complexes 3 and 4 are air-sensitive and are very reactive
toward electrophiles. Protonation of 4 with trichloroacetic
acid in the presence of Ph,PH led to the formation of
[EtN][(u-H)W,(CO)s(Ph,PH),] (5). Complex 5 could be
more conveniently prepared!? by using the strategy de-
veloped for the synthesis of (u-)(u-PhyPCH,PPhy)W,-
(CO)s~2 A noble mixed-metal cluster, [Et,N][(u-PPh,)-
(u-n2(PhgPAu),)W,(CO)g] (6), was obtained in about 70%
yield from the reaction of 4 with 2 equiv of PhyPAuCL!3

The X-ray crystal structure analysis of 6 was under-
taken,'* and the core structure of the anion is shown in
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Figure 1. Two tungsten and two gold atoms can be re-
garded as forming a distorted tetrahedron with tungsten
atoms bridged by a phosphido ligand and each gold atom
containing a coordinated triphenylphosphine. The W-W
bond distance of 3.332 (1) A is longer than the single bond
value of 3.0256 (4) A in (u-PPh,),W,(CO)s® and substan-
tially shorter than the nonbonding value of 4.1018 (4) A
in [Li(THF);*]5[(u-PPhy),W,(CO)gl.}8 In comparison, the
unsupported W~W single bond in Cp,W,(CO), is 3.222 (1)
A% The W-P-W bond angle of 83.9 (2)° in 6 also lies
within those reported for (u-PPhy),Wo(CO)g (75.14°) and
(u-PPhy),Wo(CO)s? (104.20°).35 The 1P NMR spectra of
6 is consistent with its structure in the solid state. A triplet
at 139.2 ppm and a doublet at 73.4 ppm (Jp_p = 9.7 Hz)
were assigned to the bridging phosphido and terminal
phosphine ligands, respectively. The small W~-P-W bond
angle and the downfield shift?® of the bridging phosphorus
atom suggest that there could be some interaction between
two tungsten atoms. Alternatively, (u-PPhy)(u-n2-
(Ph3PAu),) W,y(CO)g™ can be regarded as consisting of two
W(CO), units bridged by both PPh, and (Ph;P)Au-Au-
(PPhg) units. The (triphenylphosphine)gold dimer can be
considered to be isolobal with hydrogen molecule according
to Mingo’s principle.l” Being a bridge between two
tungsten atoms, the Au~Au distance of 2.749 (2) A is well
within the range for a Au-Au single bond.'® Though the
mean W-Au distance of 2.915 A is longer than those in
Aqu(/-L'CCGH4Me'4)2(CO)4Cp2+ (2.752 A),IQ
(Phy,PMe),Au,WS, (2.84 A),20 and CpW(CO);AuPPh,
(2.698 A)?., similar long metal-gold bond lengths were also
found in complexes containing bridging gold units such as
AUSRU3(}L3'COM9)(CO)g(PPh3)322 and OS4H2(CO)12'
(AuPPh;,),.22 _

The unusual reactivity of 4 toward PhyPAuCl bears a
close resemblance to the reaction between AuPPh;* and
PtHCI(PEt,),* or Nb(7*-C;H,SiMey),H;.% The chemical
properties of 3 and 4 are currently under investigation.
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