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teracting metal centers. The oxo end of the Ph,P=0
group has a significant effect on the w-acid ligands coor-
dinated to the same metal atom, strengthening the bond
to the trans CO group and increasing the cis metal~alkyne
interaction. Such effects may presage a useful role for such
ligands in modifying and directing reactivity at polynuclear
sites. These results also suggest that the entire family of
P(V)-derived anions, [R,P=X]" (X = O, 8, CR,, NR),!5
may have an interesting organo coordination chemistry.
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Summary: The structure of the title compound is found
to contain a quadrilateral open face which casts some
doubt on the previously assumed and generally accepted
closo nature of this type of polyhedral metal-
ladicarbaborane cluster.

Polyhedral metallaboranes that do not contain other
cluster heteroatoms and that have the polar nine-,}? ten-,%*
and eleven-vertex*5 configurations, I-III, respectively, are
of interest® because they contravene the simple Wil-
liams-Wade’® cluster geometry and electron-counting
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Figure 1. Crystallographically determined molecular structure
of compound 1. Selected interatomic distances from Ru(1) are
as follows: to C(2), 212.4 (6), to B(3), 206.5 (6), to C(4), 268.3 (7),
to B(5), 236.3 (3), to B(6), 228.9 (6), and to B(7), 228.7 (6) pm.
C(2)-C(4) is 148.5 (7) pm, and the dihedral angle between the
aromatic {C4} plane and the B(5)B(6)B(7) plane is 7.35°. C(4) is
31.6 pm below the B(5)B(6)B(7) plane.

rules; consequently there is some discussion in the litera-
ture®® concerning the nature of the cluster bonding in these
so-called “isocloso” species.® In relation to this discussion,
it has hitherto been assumed that the heteroatom-con-
taining eleven-vertex metalladicarbaborane species such
as [(C5H5)COCZB8H10],11 [(PPha)gHITCzBsHIQ],IZ [(CGHG)'
RuCyBgH,;],1* ete. do not contravene the Williams-Wade
rules because (i) they have the straightforward Wadian
closo counts and (ii) they are presumed to have straight-
forward closo deltahedral geometries that are grossly sim-
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We now report results of a single-crystal X-ray dif-
fraction analysis on the eleven-vertex ruthenadicarbaun-
decaborane [(MeCgH,-i-Pr)RuMe,C,BzHg] (compound 1)
that cast serious doubt on the generality of the second of
these two presumptions. This air-stable yellow compound
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1 is readily prepared in 30% yield by the reaction of
[(MeCgH -i-Pr)RuCl,]; with the nido-dicarbaborane
Me,C,BgH,; in the presence of tetramethylnaphthalene-
diamine, this route being essentially similar to that used
to generate R,C,By clusters from nido-C,Bg starting ma-
terials.!® The molecular structure of compound 1 is shown
in Figure 1.1* The 75-C;Meg analogue [(n5-C;Meg)-
RuMe,C,B¢H;] (compound 2) can be prepared similarly
by using [(C¢Meg)RuCly],,'® but this has so far proved
reluctant to crystallize in a crystallographically suitable
habit. The extreme similarity to the NMR shielding pa-
rameters, however, show that compounds 1 and 2 have
essentially identical geometrical and electronic structures,'®
and the reported NMR parameters for an #°-C¢Hg analogue
(prepared by a degradative route from [(CgHg)-
RuC,BgH;;])!% show that this last species also conforms
to the same structural type.

It can be seen that there is considerable distortion of the
molecular MC,B; cluster structure (represented in IV)
away from the idealized C,, MB,, configuration III ex-
hibited by “isocloso” eleven-vertex metallaboranes such as
[(n*-C;Mes)RhB;oH;(].l" The Ru(1)--C(4) distance is ap-
proaching nonbonding at 268.3 (7) pm [compared with
212.4 (6) pm for Ru(1)-C(2)], thereby generating an open
quadrilateral face at Ru(1)-C(2)-C(4)-B(5), and there is
also some lengthening of Ru(1)-B(5) [236.3 (8) pm] over
that otherwise expected (ca. 229 pm). The anomalous open
face together with the retention of the high metal-to-cluster
connectivity is reminiscent of the structures about the
metal in the isonido ten-vertex iridacarbaborane

[(PPhg)(Ph,PCeH,)IrBgH,C(OH)]*® and in the recently
reported isoarachno-structured ten-vertex ruthenaborane
[1-(n5-C¢Meg)-1-RuBgH,;). 1

It is of interest to speculate whether this eleven-vertex
“isonido” configuration obtained for compound 1 arises
from a localization of an electron pair in the intercarbon
linkage [C(2)-C(4) = 148.5 (7) pm], and why this should
be, or whether there are contributions from the higher
metal valency state ruthenium(IV) which would engender
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contributions from a nido electron count that would be
associated with four metal~borane cluster bonding orbitals.
In this context it may be noted that the anomalous dis-
tortion toward nido observed for (2,3-Me,C,BgH;-4,7-
(OH),-10-Br] (structure V)2 has also been attributed to
additional electron density in the cluster but derived in
this instance from oxygen atom w-donation into the cluster.
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Summary: A synthesis of heterobinuclear u-methylene
complexes involving oxidative addition of (chloromethyl)}-
metal derivatives is described, and it is shown that the
metal substituent activates the carbon-chiorine bond to
oxidative addition by a factor of =10%; for example, re-
action of [AuCH,CI(PPh,)] with [PtMe,(2,2'-bpy)] (bpy =
bipyridine) gave [PtCIMe,(CH,AuPPh;)(bpy)].

We wish to report a new route to heteronuclear u-
methylene complexes and its application to the synthesis
of the first such transition-metal complexes that do not
contain either a metal-metal bond or an additional
bridging ligand. u-Methylene complexes are of general
interest as models for catalytic intermediates,! and the
labile homonuclear complex [{CpRu(CO)}o(u-CH,)]? ap-
pears to be the only previous example of a u-methylene
complex without a metal-metal bond or additional
bridging ligand.!?

Complexes 2a—¢ (NN = 2,2"-bipyridine, Scheme I) were
prepared in good yield by trans oxidative addition of
[Au(CH,CHL]? to [PtMey(bpy)] (1)* and were unambigu-
ously characterized by elemental analysis and by their 'H
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