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Heterobimetallic B-Frame Compounds: Systematic Synthesis and
Molecular Structure of the Seven-vertex p.-Ho, ri-nido-osmaplatinaborane

[(PhsP),(CO)Os(PhMe,P)CIHPtBH,]t

Jonathan Bould, Janet E. Crook, Norman N. Greenwood, and John D. Kennedy
Department of Inorganic and Structural Chemistry, University of Leeds, Leeds LS2 9JT, UK.

The first structurally characterized polyhedral metallaborane osmium compound has a seven-vertex nido-
osmaplatinaborane cluster structure based on the dodecahedron with one five-connected vertex missing, the
metal atoms being located on adjacent (2,7) positions in the five-membered open face and linked via an
Os—-H-Pt bridging bond; important wider implications of the mechanism of formation are indicated.

The interesting and theoretically important area of seven-
vertex polyhedral borane and metallaborane clusters is littie
examined, mainly because the obvious six-vertex starting sub-
strate nido-BgH,, is generally held to be difficult to make and
handle. However, the facile high-yield syntheses (80—90%)
of air-stable nido six-vertex metallaborane analogues of BiH,,,
such as [(PhyP),(CO)IrB;H, 12 and [(PhyP),(CO)OsB;H,],2 in
principle permits their convenient use firstly as starting sub-
strates from which to examine seven-vertex cluster chemistry,
and secondly as B-frame matricest on which to build up
selected heterobimetallic systems,® an area in which there is
much current interest. We now exemplify these principles by
the preparation and structural characterisation of the novel
seven-vertex nido-bimetallaborane [(PhyP),(CO)Os(PhMe,P)-
CIHPtB;H,].

Treatment of nido-14,4,4-(PhyP),(CO)-4-OsB;H, ]* with NaH
followed by addition of cis-[PtCl,(PMe,Ph),] led to the iso-
lation of the osmaplatinaheptaborane as a lemon-yellow crys-
talline compound in a yield (as yet unoptimized) of ca. 359
[equation (1)].

Na[(PhyP),(CO)OsB;H,1 + [PtCl,(PMe,Ph),]— [(Ph,P),(CO)-
Os(PhMe,P)CIHPtB,H,] + PMe,Ph + NaCl (1)

Crystals of C,;H,B;ClOsOP,;Pt were monoclinic, space
group P2,/n, with a = 1539.7(3), b = 1848.9(3), ¢ = 1718.9(3)
pm; 8 = 92.57(2)°; Z = 4. The data were corrected for
absorption and the structure (Figure 1), based on 5349
independent F, with I > 20([), was refined to R = 0.043.1 All
atoms except the metal-metal bridging hydrogen atom were
located and refined in the diffraction analysis; the presence
and location of this bridging H atom can be reasonably
inferred as indicated in the caption to Figure 1. The overall
molecular structure is seen to be that of a nido seven-vertex
cluster (I) notionally derived from a closo eight-vertex dodeca-
hedron (II) by the elimination of a five-connected vertex. This
is in interesting contrast to the alternative notional elimination
of a four-connected vertex (III) to give the structure (IV) as

(n (I (1 (1v)

+ The term ‘B-frame’ refers to a polyhedral borane cluster to
which one or more metal centres can be added as additional
cluster vertices. The title compound is 2-carbonyl-2,2-bis(tri-
phenylphosphine)-7-chloro-7-dimethylphenylphosphine- u(2,7)-
hydrido-nido-2,7-osmaplatinaheptaborane.

1 The atomic co-ordinates for this work are available on request
from the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Rd., Cambridge
CB2 1EW. Any request should be accompanied by the full
literature citation for this communication.

proposed for nido-[(CsMe;),Co,B;Hy1* (though this last has
not yet been confirmed by definitive structural methods).

Simple valence-bond structures such as (V) may be readily
written for the compound. This involves straightforward
octahedral osmium(m)- and square planar platinum(ir)-type
centres, although the metal-to-borane bonding probably also
has some similarities to that in other dimetallic species such
as [(PhMe,P),Pt,B,,H;;)® and [(PhMe,P),Pt,BsH,,1® in which
contributions from higher formal metal valence states may be
present. In simple electron-counting terms, structure (V)
represents a sixteen-electron cluster configuration. As such,
however, it is two electrons short for a nido seven-vertex
cluster.” This interpretative conflict arises because cluster rules
implicitly count orbitals as well as electrons, and the platinum
vertex in (V) has a non-conical two-orbital contribution,
rather than the three-orbital conical contribution of the boron
vertex that it notionally subrogates. The significance of any
bonding participation from the higher formal valence state of
platinum(1v), which by contrast would in fact involve a quasi-
conical three orbital contribution and also supply an additional
two electrons as required for a full nido count, is difficult to
assess in this species.

Of additional interest is that the total synthesis of the platina-
osmaborane from the nido five-vertex B;H, molecule,
through a nido six-vertex {MB;} cluster, to the final nido
seven-vertex {M,B;} product, occurs via the successive
addition of vertices plus electrons to the original cluster. This
constitutes a sequential nido — nido — nido cluster expansion
in which reactions are chosen so that an additional vertex
plus the additional bonding electrons are supplied to the
cluster at each step; each successive addition then yields a
nido cluster of higher nuclearity which permits the process to
be repeated. In the general case, of course, this aufbau process
is not limited to nido clusters. Energetics may sometimes be
such that similar successive steps may be progressively more
favoured in one reaction system, so that a cascade-type aufbau
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Figure 1. ORTEP drawing of the molecular structure of [(PhgP),-

1

(CO)Os(PhMe,P)CIHPtB,H,], with all except the P-carbon atoms
omitted from the phosphine ligand organic groups. All atoms were
located by X-ray diffraction except for the Os-H-Pt bridging H
atom (hatched lines), of which the position rrans to C(carbonyl)
and P(3), and cis to P(1) and P(2), reasonably follows from n.m.r.
spectroscopy [8(*H) —10.61, 1J(**Pt—*H) 555 Hz, 2J(*'P-'H) 98,
19, and 5 Hz] and from stereochemical considerations about the
metal atoms; although a peak corresponding to this H atom
position appeared in final difference maps it did not refine.
Selected distances are as follows: from Os(2) to B(1) 228(2), to
B(3) 218(2), to B(6) 215(2), to Pt(7) 295.9(1), to P(1) 243.0(4), to
P(2) 240.5(4), and to C(carbonyl) 189(2) pm; from Pt(7) to B(3)
214(2), to B(4) 214(2), to P(3) 226.1(4), and to Cl 237.8(5) pm.
Interligand bond angles demonstrate the regular octahedral and
square-planar nature of the bonding about the Os and Pt atoms:
the only substantial deviations from 90° and 180° angles are P(3)—
Pt(7) - - - Os(2) at 155.4(1)° and Pt(7) - - - Os(2)-C(carbonyl) at
157.4(5)° implying that the (unlocated) bridging H atom occupies
the final co-ordination site at each metal.
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process results.® This presumably accounts for the higher
polymetallaborane products observed in some reactions, of
which the well examined cobalt-pentaborane—cyclopentadiene-
type sytems are good examples.**1® In the present system it
is also apparently manifested by the formation (in a con-
current process) of what appear to be polyplatinamonosma-
borane species. The precise conditions for the formation of
these higher species in reasonable yields however seem quite
critical, and we hope to report further on this in the future.
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