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Figure 1. ORTEP views down (a) and nearly perpendicular to (b) the
crystallographic C; symmetry axis of Ir,Cu;Hg(NCMe),;(PMe,Ph)¢**.
Only the metals and the inner coordination sphere are shown (i.e., P,
acetonitrile N, and hydride). The hydride positions have been added to
the heavy atom structure determined by X-ray data by assuming coli-
nearity with the Ir—P vectors and using an Ir—(u-H) distance of 1.75.1
This gives a Cu—(u-H) distance of 1.91 A. Selected structural parame-
ters: Cu-Ir, 2.793 (9); Cu—Cu, 2.570 (22); Ir-P, 2.347 (6) A; /P-Ir-P,
101.7 (2)°.

formula [Ir,Cu;Hg(MeCN);(PMe,Ph)s] (PFs);. The metal atoms
adopt a trigonal bipyramidal form (Figure 1), with iridium axial
and a facial array of three phosphines on each iridium. Each
copper is bonded to one acetonitrile. Unlike trigonal bipyramidal®’
Cus(uy-Ph)g and Cus(u,-S-7-Bu)g™, both of which have nonbonded
Cu..-Cu distances of >3.1 A between the (equatorial) coppers,
the copper—copper separation in Ir,Cu;Hg(MeCN),;(PMe,Ph)4**
is bonding (2.57 (2) A). Although hydride atoms were not located
by using the diffraction data, they can be confidently placed in
positions trans to the Ir—-P vectors on the basis of the
AA’A”XX’X" patterns in the 'H and P NMR spectra.® Cu-
riously, this puts them neither precisely over the Cu—Ir lines nor
symmetrically over the Cu,Ir triangular faces (Figure 1a).

Each metal center in the observed structure achieves an 18
valence electron count if Ir,Cu;Hg(MeCN)3(PMe,Ph)4** is dis-
sected into 6H* and Ir,Cu;(MeCN),(PMe,Ph)¢* in order to
eliminate the question of how to count u-hydrides. Every met-
al-metal edge must be considered as being a single bond in the
3—ion, and the actual ion is then reconstituted by protonating all
six Ir—Cu bonds.” In this same formalism, Culr,H¢(PMe,Ph)¢*
has two Ir==Cu double bonds, each of which is doubly protonated
(see I). Consistent with this, the Ir-Cu separation in Culr,Hg-
(PMe,Ph)¢* (2.51 A) is 0.28 A shorter than that in the Ir,Cu,
cation reported here (2.79 A).

The structural chemistry developed thus far between group 11
cations and metal polyhydrides shows a persuasive analogy between
the polyhydride unit and coordinated BH,~, IL,!° III, and IV
corresponding to -, %, and n>-BH,". In Ir,Cu;Hg(MeCN),-
(PMe,Ph)¢** we have an analogue of w,n*-BH,” found in Fe,H-
(BH,)(CO),.!! This analogy works in both directions, suggesting
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Cu;(NCMe);(u,n*-BH,),* as a plausible synthetic target. Finally,
an accompanying paper shows how three H;RhP; units may bridge
all edges of an Ag,** triangle in a uy,7* fashion, analogous to the
bridging borohydride in {CoBH[Ph,P(CH,)sPPh,]},.1?
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One of the most recurrent features of transition-metal cluster
chemistry is the presence of triangular metal units.! Such units
have also been found in cluster compounds of the coinage metals
and of gold in particular.? It has also been observed that these
“building blocks” frequently contained one or more hydrogen
atoms in bridging positions between two or more metal atoms.’
Furthermore, tripodlike ligands facilitate both cluster* and hy-
drogen-bridge’ formation. Thus, attempts to obtain mononuclear
hydrido complexes of elements of the first transition series con-
taining the ligand CH,C(CH,PPh,); (tripod) resulted in the
formation of the binuclear compounds [(tripod)M (u-H);M(tri-
pod)]* (M = Fe and Co).5
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Figure 1. A perspective drawing of the cation [Rh;Ag;He(tripod);)** (2).
The terminal phenyl groups have been omitted for clarity. The hydride
positons are not indicated as they could not be determined.

During the course of our studies of the reactivity of [RhCl;-
(tripod)]” (1) we found that when a methanolic solution of 1 was
treated with 4 equiv of AgCF;SO,, the precipitated AgCl filtered
off, and dihydrogen bubbled through the solution, crystals of the
apparent composition “RhAgH;(CF,SO;)(tripod)”? were ob-
tained.

The X-ray crystal structure’ of this compound shows that it
contains the cation [Rh;Ag;Hg(tripod);]** (2) associated with
CF,S0O;™ anions. A perspective view of the heavy atoms of 2 is
shown in Figure 1. As can be seen, the silver atoms form an
equilateral triangle!® centered within an equilateral triangle of
rhodium atoms. The six metal atoms are practically coplanar.
This structure can be considered as resulting from the interaction
of one monomeric fac-[RhH;(tripod)] complex,!! 3, with each
Ag-Ag edge. All the Rh—Ag contacts are hydrogen bridged and
there is an alternation of single and double bridges around the
Rh triangle. This structure is suggested by the relative positions
of the rhodium and phosphorus atoms. Thus, if one considers the
coordination geometry around Rh(1) one notices that Rh(1),
Ag(1), Ag(2), Ag(3), and P(11) are coplanar and that this plane
bisects the P(12)-Rh(1)-P(13) angle. Thus, given the approx-
imate octahedral coordination of the donor atoms of 3, one can
assume that the hydride ligands in trans positions to P(12) and
to P(13) are situated between Rh(1) and Ag(1) respectively below
and above the plane of the metal atoms. Similarly, one can
postulate that the hydride ligand in trans position to P(11) is
located between Rh(1) and Ag(2), forming the usual bent M—
H-M bridge.® A similar description applies to Rh(2) and Rh(3).
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This structural assignment is supported by the alternation of
the Rh—-Ag distances, which shows shorter contacts (2.795
(4)-2.807 (4) A) where a double hydrogen bridge has been
postulated and longer contacts (2.884 (4)-2.933 (4) A) for the
others.

Further support for this formulation comes from the IR
spectrum of 2, which shows no IR band in the region 1800-2200
cm™, while one observes a broad absorption band centered at 1630
cm™,'? indicating that all nine hydride ligands are bridging.

The 'H and *'P NMR spectra!? of compound 2 at room tem-
perature give fairly broad resonances which sharpen below ca.
-15°C. Analysis of the resulting multiplets for both nuclei'4 at
—20 °C shows that each “RhH;(tripod)” unit is coupled to two
silver atoms. The hydrides and the phosphorus atoms remain
chemically equivalent down to ca. —80 °C where line broadening
sets in again. Thus, in the temperature range —80 to —20 °C, each
RhH;(tripod) unit, although localized on an Ag-Ag edge, can
be considered as fluxional with respect to the microgeometry at
a single rhodium.

Two reactivity patterns of cluster 2 are worthy of note: (a)
while it is stable in acid solution, e.g., in 1 M methanolic CF,S-
O;H, in neutral or basic solution it slowly decomposes with for-
mation of metallic silver (it is likely that, because of its high charge,
cation 2 can easily deprotonate and that the resulting rhodium(I)
species undergoes an H-Ag charge-transfer process); (b) no
precipitation of AgCl occurs on addition of chloride to a meth-
anolic solution of 2 (the P NMR spectrum of this solution shows
the presence of a new complex, which can also be obtained by
adding AgCl to a CH,Cl, solution of 3).

Cluster 2 is obviously related to the iridium—copper cluster
[Ir;Cu;Hy(MeCN);(PMe,Ph),]** (4), described by Rhodes et al.!*
Its central unit is constituted by a triangle of copper atoms, which
in 4 is capped on each side by a fac-[IrH;(PMe,Ph),] unit.
Furthermore, the formally copper(I) metal centers can be con-
sidered as three-coordinate, i.e., bonded to two hydrogen atoms
and to the nitrogen atom of acetonitrile. Both features, mutatis
mutandis, are retained in our cluster where the central triangle
is made up of silver(I) atoms and each of them is three-coordinate,
the donor atoms being hydrogen atoms as no other potential donor
atom is located near this metal center.’

Finally, it should be noted that transition-metal polyhydrides
can form a wide range of heterometallic complexes containing
coinage metals.!® This tendency appears to be particularly marked
for compound 3 and its iridium analogue!” which give hetero-
metallic compounds with bridging hydrides containing copper,
silver, or gold depending on (a) the reaction conditions and/or
(b) the ratio of reagents. Their full characterization is in progress.
Thus compounds 2 and 4 appear to represent first examples of
a new and extensive class of compounds of great potential sig-
nificance for pure and applied chemistry.
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