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A new series of nonspherical and very oblate deltahedra, conveniently called the oblatocloso deltahedra, is found
in dimetallaboranes among which the dirhenaboranes Cp;Re;B,—,H,—, (8 < n < 12) are the prototypes. The Dg,
hexagonal bipyramid is the first member of this series (n = 8). However, the higher members of the series are not
bipyramids but are derivable from them by a number of diamond—square—diamond processes. A viable model for
the skeletal bonding in the oblatocloso dimetallaboranes can be developed if the two metal vertices, typically
degree 6 or 7 vertices, are assumed each to contribute five internal orbitals rather than the three internal orbitals
assumed by the Wade—Mingos rules. This leads to 2n + 4 actual skeletal electrons for an n vertex oblatocloso
dimetallaborane rather than the Wadean 2n — 4 skeletal electrons. The surface bonding of an n vertex oblatocloso
dimetallaborane then consists of n three-center two-electron bonds similar to that in corresponding isocloso
metallaboranes thereby leaving four orbitals and four electrons for a metal-metal double bond inside the deltahedron.
Removal of one or two boron vertices from oblatocloso deltahedra leads to oblatonido and oblatoarachno
dimetallaboranes, respectively, having the same number of skeletal electrons as the oblatocloso deltahedra from
which they are derived.

1. Introduction 2n + 2 skeletal electrons. This special stability has been
ascribed to three-dimensional aromaticity.In accord with
the Wade-Mingos rules, the so-called closo borane anions
BH2™ (6 < n < 12), as well as the isoelectronic closo
carboranes CB;H,~ and GB,-,H,, are particularly stable.

The structures of metal-free polyhedral boranes and iso-
electronic carboranes are long known to be derived from the
so-called most spherical deltahedra, also known as closo

'2 i i . .
deltahedra&:? The vertices in these closo deltahedra are as The vertices in the closo deltahedral boranes and related

nearly similar as possible so that the-B-vertex closo carboranes were shown by Hawthorne and co-wotkeos
deltahedra gengrally have either degree 4 or 5 vertlces._Thebe replaceable by isolobal transition metal vertices, typically
only exception is the 11-vertex closo deltahedron, required units of the type CpM or M(CQ)Cp = 5-cyclopentadienyl:
by polyhedral topologyto have a single degree 6 vertex in M = transition metal). Initially, it was assumed that sdch

addltlon_ fo its degree 4. and 5 vertices. Note t_hat a delta- substitution of a light atom vertex (boron or carbon) by a
hedron is a polyhedron in which all faces are triangles and transition metal vertex did not affect the underlying closo
the d_egree of a verte>_< Is the _number of polyhedral edgesdeltahedral geometry since the initially discovered derivatives
meeting at the vertex in question. ) were metallaboranes based on Mgicosahedra, in which
The number of skeletal electrons in polyhedral boranes 4 vertices have the same degree, namely 5. However, as
and isoelectronic carboranes is generally determined by the,atallaborane chemistry was subsequently developed in-

Wade-Mingos rulesi™® which state thatn-vertex closo  \q\ying polyhedra other than the icosahedron, particularly
deltahedral boranes are particularly stable if they contain by Kennedy and co-workefd;14 a variety of deltahedral
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King
metallaborane structures were discovered based on deltahedrdirhenaboranes all haven2- 4 Wadean skeletal electrons.
topologically distinct from the closo deltahedra. This led to In this connection, Wadean skeletal electrons are defined as
the identification of a new class of less-spherical deltahedrathe skeletal electrons counted using the Wallkngos
for metallaboranes and metallacarboranes called either isofproceduréd;, ¢ which artificially assumes that the two rhenium
closd® or hyperclos# 18 deltahedra; they will be called vertices provide the typical three internal orbitals for skeletal
isocloso deltahedra in this paper. These isocloso metalla-bonding. Thus, the Wadean skeletal electron count may not
borane deltahedra are derived from the closo metal-freenecessarily correspond to the actual number of skeletal
borane deltahedra by a diamonshuare-diamond (dsd) electrons. Because of their Wadean skeletal electron count,
process, typically generating a degree 6 vertex for the metalthe oblatocloso structures appear even more hypoelectronic
atom. The driving force behind this rearrangement is the than expected by extrapolation beyond the metal-free closo
preference of transition metals for higher-degree vertices thandeltahedral boranes witm2+ 2 skeletal electrons and the
carbon or boron atoms. Whereas metal-free boranes andsocloso deltahedral metallaboranes wittsReletal electrons
carboranes are known for all of the closo deltahedra between In 2001, the author attempted to analyze the skeletal
the octahedron and icosahedron, namely those with26 bonding in such dimetallaborane structures when only a few
vertices, distinctive isocloso deltahedra are known only for such structures were knowhThus, at that time the only

a more limited vertex range, hamely-22 vertices. known member of the GReBn—Hn—» series was the nine-
An initially unexpected property of the isocloso metalla- vertex oblatocloso structure epeB;H;, as well as the
boranes was their failure to obey the Wadiingos rulest ¢ isoelectronic CpN,B7Hq.24#?The 2001 papét also discusses

which were derived from consideration of metal-free borane a number of other dimetallaboranes such ashNGB.Hn+4
and carborane polyhedra. Thus, the isocloso metallaborangM = Cr 26728 M0,2° W;* n = 4, 5%, which are now seen
deltahedra withn vertices are found to havenZskeletal to be oblatonido and oblatoarachno derivatives derived from
electrons rather than then2+ 2 skeletal electrons of the a larger oblatocloso deltahedron by removal of one or two
generally metal-free closo borane and carborane deltahedravertices. This paper revisits the geometry/topology of these
predicted by the WadeMingos rules. dimetallaborane oblato polyhedra, as well as their skeletal
The further development of metallaborane chemistry, bonding, in light of the subsequent discov&ry? of what
particularly in the laboratory of Fehlner and co-work¥s, might well be the complete set of oblatocloso polyhedra in
led to the discovery of dimetallaboranes exhibiting structures the series CfRe:Bn—2Hn—2 (8 < n < 12).
based on previously unknown deltahedra. This new family
of deltahedra is characterized by highly oblate (flattened)
structures with the two metal atoms in the flattened direction  2.1. The oblatocloso deltahedraThe oblatocloso delta-
so that the metatmetal distances are short enough for direct hedra are depicted in Figure 1, and their important properties
metal-metal bonding through the center of the deltahedron. are listed in Table 1. All of the oblatocloso deltahedra are
Furthermore, the metal atoms are generally located at degreeharacterized by two antipodal or nearly antipodal vertices
6 or even degree 7 vertices with a corresponding reductionof higher degree than any of the other vertices (typically
to four of the degrees of many of the remaining vertices for degrees 6 or 7). These two pseudoantipodal high-degree
the boron atoms. These highly oblate deltahedra, found sovertices are the metal vertices in the dimetallaboranes. The
far only in dimetallaboranes of Group 6 and Group 7 remaining vertices typically have degrees of 4 or 5 and are
transition metals, are conveniently called oblatocloso delta- boron vertices in most of the known dimetallaboranes. How-
hedra to differentiate them from the closo and isocloso ever, a hexagonal bipyramidal oblatocloso dimetalladicar-
deltahedra discussed above. The most complete set of stableaborane #f>-MesCs),Cr.BsH4Cx(CHy)3 is known with two
compounds exhibiting oblatocloso deltahedral structures areequatorial carbon vertices bridged by a trimethylene group.
found in the cyclopentadienylrhenium dimetallaboranes The oblatocloso deltahedra can, of course, be characterized
CmReBn-—2Hn-2 (8 < n < 12; Cp= anx®-cyclopentadienyl by the usual polyhedral properties such as the numbers of
ligand, most commonly;>-MesCs).29"22 These oblatocloso  vertices of various degrees, typically from 4 to 7. However,

2. Geometry and Topology of Oblato Polyhedra
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Oblate Deltahedra in Dimetallaboranes

fence of the “bottom” metal vertex; black, edges not part of
any polygonal fence.
The simplest oblatocloso deltahedra are bipyramids in
which the two metal vertices are axial vertices sharing the
same polygonal fence (completely blue in Figure 1). The
seven-vertex pentagonal bipyramid is the smallest delta-
hedron that meets the requirements of an oblatocloso
deltahedron by having two antipodal vertices of distinctly
higher degree than the remaining vertices. No pentagonal
bipyramidal oblatocloso borane is known experimentally. The
eight-vertex oblatocloso deltahedron is the hexagonal bi-
pyramid with degree 6 metal vertices and degree 4 boron
vertices. This is found in GReBeH4Cl, (ref 22).
The remaining four oblatocloso deltahedra in Figure 1,
namely those with 912 vertices, are all found in derivatives
of the type CpRe&B-2Hn-2 (9 < n < 12)2922 The first
Figure 1. Oblatocloso deltahedra having from 7 to 12 vertices. The edges two of these deltahedra, namely those with 9 and 10 vertices,
of the polygonal fences are colored, and the metaétal bond inside the ~ are characterized by having two degree 6 metal vertices such
deltahedron is indicated byaygllow dashed line. In Figures 1, 2, and 4, the g5 the hexagonal bipyramid. In the nine-vertex oblatocloso
vertices are numbered according to their degrees.

deltahedron, the two polygonal fences share four edges so
Table 1. Some Properties of the Oblatocloso Deltahedra Found in the there are five BM and two BM vertices. In the 10-vertex

CpReBHn Derivatives oblatocloso deltahedron, the two polygonal fences share three
no. of vertex degrees Re-Re in edges so there are four BMand four BM vertices. Note
vertices v4s w5 wvs vz  BM2 BM  CpReBiHn A that for both the 9- and 10-vertex oblatocloso deltahedra the
7 5 2 0 0 5 0 vertices common to the polygonal fences of both metal
8 6 0 2 0 6 0 2.689 vertices (i.e., the BM vertices) are connected by a linear
1?) i i g 8 i i g:ggg path. Such a set (_)f BMvertices is called a set dilly
11 4 5 1 1 5 4 2.860 connectedBM, vertices.
12 4 6 0 2 6 4 2.819 Degree 7 metal vertices begin to appear in the oblatocloso

deltahedron with 11 vertices (Figure 1), which has one degree

because of their unusual nature with two pseudoantipodal7 3nd one degree 6 metal vertex. In this polyhedron, the two
vertices of uniquely relatively high degrees (conveniently polygonal fences share three edges so that there are fopr BM
called the metal vertices), there are some unusual ways ofand five BM vertices. In the 12-vertex oblatocloso delta-
characterizing and visualizing these deltahedra. Thus, thenedron, both metal vertices are degree 7 vertices and the
lower-degree vertices in these oblatocloso deltahedra (con—yo polygonal fences again share three edges leading to four
veniently called the boron vertices) can be partitioned into M, and six BM vertices. For both the 11- and 12-vertex
two types designated as BM and BMertices depending  oblatocloso deltahedra, the BMertices are fully connected.
on whether they share edges with one or two metal vertices, The smallest oblatocloso deltahedron, which is not a
respectively. No boron vertices are found in the known pipyramid, is the nine-vertex deltahedron. This deltahedron,
oblatocloso deltahedra that do not share at least one edg&vhich is found in CpRe:B;H; and CpW.B;Hs (ref 25), is
with a metal vertex, probably since the existence of such derived from the heptagonal bipyramid by two dsd rear-
boron vertices would leave the two metal vertices too far rangements depicted in Figure 2 using the same color coding
apart to form a strong metametal bond inside the delta-  as in Figure 1. Each dsd rearrangement reduces the degree
hedron. of one of the metal vertices from 7 to 6 and converts a,BM

A related concept is that of polygonal fenceround the boron vertex into a BM boron vertex. Note that the BM
metal vertices in the oblatocloso deltahedra. In this connec-vertices remain fully connected throughout this process.
tion, a polygonal fence is defined as the polygon formed by Similar sequences of dsd processes keep the remaining BM
the boron vertices sharing an edge with the metal vertex in vertices fully connected while converting higher bipyramids
guestion. If the metal vertex is a degree 6 vertex, its to the oblatocloso deltahedra observed in thgRegB,.H,-»
polygonal fence is a hexagon. However, if the metal vertex (9 < n =< 12) structure$®22 Thus, fully connected BM
is a degree 7 vertex, its polygonal fence is a heptagon. Thevertices appear to be a property of the oblatocloso deltahedra
locations of the two polygonal fences in the oblatocloso and allow such deltahedra to approximate as closely as
dimetallaborane deltahedra are a useful aid in visualizing possible the corresponding bipyramids while lowering to 6
these rather unfamiliar polyhedra. For this reason, the edgesr 7 the degrees of the metal vertices.
of the two polygonal fences are color-coded in Figure 1 as  2.2. Oblatonido and oblatoarachno polyhedraRemoval
follows. Blue, edges common to the polygonal fences of both of a vertex from am + 1 vertex closo deltahedron generates
metal vertices; green, edges unique to the polygonal fencea so-called nido polyhedron with vertices and one non-
of the “top” metal vertex; red, edges unique to the polygonal triangular face where the vertex was removed. The num-
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Figure 2. Sequence of diamonesquare-diamond (dsd) processes
converting the heptagonal bipyramid into the oblatocloso deltahedron found
in CpReB7H7 with the same color coding as in Figure 1.

ber of skeletal electrons in a nido polyhedron withertices

is the same as that in the closo deltahedron with- 1
vertices from which the nido polyhedron is derived. Thus,
the 26 + 1) + 2 skeletal electrons of the originai ¢+ 1)-
vertex closo polyhedron corresponds tn 2 4 skeletal
electrons for the correspondingvertex nido polyhedron.

King

An analogous procedure can be used to generate arachnéigure 3. Generation of oblatonido and oblatoarachno polyhedra from

polyhedra withn vertices by removal of two vertices from
a closo deltahedron with + 2 vertices. If the two vertices

bipyramids. The vertices and associated edges being removed from the
bipyramid are shown in red and the endopolyhedral metatal bonds in
the final oblatonido or oblatoarachno polyhedra are shown as yellow dashed

removed from the closo deltahedron are adjacent vertices, dines.

new single large hole will be found in the corresponding
arachno polyhedron. However, if the two vertices removed
from the closo deltahedron are nonadjacent vertices, then
two new nontriangular faces will be generated in the arachno
polyhedron. The arachno polyhedra witlvertices have the

same number of skeletal electrons as the closo deltahedra

with n + 2 vertices from which they are derived, i.e.n2¢
2)+2=2n+6.

Analogous procedures can be used to generate oblatonidg

and oblatoarachno polyhedra havingrertices from obla-
tocloso deltahedra having + 1 and n + 2 vertices,
respectively. Again, the number of Wadean skeletal electrons
of the original oblatocloso deltahedron is maintained so that
n-vertex oblatonido polyhedra haven2¢ 1) — 4 =2n— 2
Wadean skeletal electrons and oblatoarachno polyhedra
vertices have 2(+ 2) — 4 = 2n Wadean skeletal electrons.
The simplest oblatonido and oblatoarachno polyhedra are
derived from the bipyramidal oblatocloso deltahedra. Thus,
removal of a single equatorial vertex from the pentagonal
and hexagonal bipyramids leads to the oblatonido polyhedra
found in the cyclopentadienylchromium derivati%es?
CpCr,B4Hg and CpCr,BsHg, respectively, (Figure 3). These
polyhedra have the 10=2n — 4 for n 7) and 12
(=2n — 4 for n = 8) Wadean skeletal electrons, respectively,
of the original bipyramids. Note that, in counting the Wadean
skeletal electrons in these chromium derivatives, the CpCr
vertices are “donors” of-1 skeletal electron each, reflecting
the assumption of three internal orbitals for these vertices.
Similarly the dirhenachloroboraffeCp,Re;BsClsH, has an
oblatonido structure derived by removal of one equatorial
vertex from a hexagonal bipyramid. This dirhenachlorobo-
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rane also has the 12 Wadean skeletal electrons of the
oblatocloso hexagonal bipyramid from which it is derived.

The dirhenaborarié Cp,Re:B4Hg has the same skeletal
topology as CgCr,B4Hg but two more skeletal electrons. It
may thus be considered as an oblatoarachno derivative
obtained by removal of two adjacent vertices from a
hexagonal bipyramid (Figure 3). Note that the oblatoarachno
“hole” in Cp,Re&;B4Hs obtained by removal of two adjacent
equatorial vertices from a hexagonal bipyramid is very
similar to the oblatonido open face obtained by removal
of one equatorial vertex from a pentagonal bipyramid
CpCr:B4H,. This is very similar to the long-known similar
non-hydrogen atom topoloéiin nido-B;oH:4 andarachne
BioH14.

An interesting oblatoarachno derivative is the nine-vertex
dirhenaboraré Cp;Re:B;H11, whose structure can be derived
from an 11-vertex oblatocloso deltahedron by removal of
two adjacent degree 5 vertices to give a hexagonal open face
(Figure 4). However, the starting oblatocloso 11-vertex
deltahedron before removal of the two vertices is dif-
ferent from the oblatocloso 11-vertex deltahedron found in
CpReBgHy in the following ways: (1) It has higher sym-
metry (Cz,) than theCs symmetry of CpReBgHg. (2) The
two metal vertices have degree 7, whereas inBRe&BgHo,
one metal vertex has degree 6 and the other degree 7. (3) Its
five BM, vertices are disconnected into one set of three and

(32) Ghosh, S.; Shang, M.; Fehlner, TJPOrganomet. Chen200Q 614—
615 92.

(33) King, R. B.Inorg. Chem 2003 42, 3412.
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895.
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each vertex atom in an isocloso metallaborane uses three
internal orbitals for the bonding in the deltahedral skeleton.
Transition metal vertices with a nine-orbitalPdpmanifold
then have six external orbitals in contrast to a boron or carbon
vertex without accessible d orbitals having only a four-orbital
sp® manifold. Some of the six assumed external orbitals of
a transition metal vertex are involved in bonding to external
ligands, typically cyclopentadienyl or arene rings in many
Figure 4. Generation of the oblatoarachno &e:B7H1. structure by of the isocloso metallaboranes includiisgclose(n%-arene)-
removing two_adjacent degree 5 vert_ices from an 11-vertex oblatocloso RuBsH, mentioned above. If the metal vertex has the favored
deltahedron different from that found in &pe,BoHo. ! . . .
18-electron configuration, the external orbitals not involved
one set of two, whereas the five BMertices in CpReBgHg in metak-ligand bonding contain lone pairs of electrons.
are fully connected as in the other R&B,-.Hn-> deriva- An n-vertex isocloso metallaborane thus hasi®ternal
tives (Figure 1,n = 8—12). Note that CfRe;B;H1; and orbitals but only & skeletal electrons, which is exactly what
Cp:ReBgHy have the same number of apparent skeletal is needed fon three-center two-electron (3@e) bonds in
electrons, namely 1852n — 4 for n = 11). n of the Zn — 4 faces of the deltahedron. Such bonding
models for isocloso metallaboranes, discussed in detail in
previous paper¥>” suggest that the bonding in isocloso
First consider a closo borane or isoelectronic carborane metallaboranes is exclusively surface bonding composed of
deltahedron witt vertices in which all of the vertices are 3c—2e bonds. Thus conversion of a closo deltahedral
boron or carbon atoms having four-orbital®spalence metallaborane to an isocloso deltahedral metallaborane with
manifolds. Using one of the four valence orbitals on each the same number of vertices by a two-electron oxidation has
vertex atom for external bonding leaves three internal orbitals the overall effect of removing the electrons of theenter
per vertex atom for a total ofrBorbitals for the internal core bond of the closo structure leaving only the surface
skeletal bonding of the deltahedron. Theseérfternal orbitals bonding. Then extra internal orbitals released upon removal
are partitioned into two twin internal or tangential orbitals of the core bonding electrons in the close isocloso
per vertex atom and a single unique internal or radial orbital metallaborane oxidation are now available for surface
per vertex atom for a total ofr2tangential orbitals and bonding, thereby converting the formal 2c-2e surface
radial orbitals. Pairwise overlap between thetangential bonds of the closo deltahedron into théormal 3c—2e bonds
orbitals is responsible for the surface bonding of the of the corresponding isocloso deltahedron.
deltahedron and splits these 2angential orbitals intan Now consider am-vertex oblatocloso deltahedral dimet-
bonding anch antibonding orbitals corresponding idwo- allaborane havingr2— 4 Wadean skeletal electrons of which
center two-electron (2e2e) bonds along a Hamiltonian the CpReBn—;H,-» derivatived®?? (Figure 1) can be
circuit in the surface of the deltahedron. In this connection, considered as the prototypes. This2 4 Wadean skeletal
a Hamiltonian circuit in a polyhedron starts at a given vertex electron count artificially assumes that each rhenium vertex
and goes to all of the other vertices without visiting any uses three of the nine orbitals of itSdpmanifold for skeletal
vertex twice. This surface-bonding model is a localized bonding so that each CpRe vertex is a formal donor of zero
model; the actual surface bonding is a resonance hybrid usingskeletal electrons. A more realistic chemical bonding scheme
all of the possible Hamiltonian circuits on the closo delta- for these oblatocloso deltahedral dimetallaboranes has each
hedron. rhenium vertex using five rather than only three of the nine
This surface bonding in closo deltahedra is supplementedorbitals of its spd® manifold, thereby drawing two otherwise
by ann-center core bond formed by mutual overlap of the  external lone pairs into the skeletal bonding. The introduction
radial bonding orbitals leading to one additional bonding of these “extra” two lone pairs from each CpRe vertex into
orbital andn — 1 antibonding orbitals. The combination of the skeletal bonding makes these vertices four skeletal
the surface and core bonding thus leads to a total f1 electron donors rather than zero skeletal electron donors. This
bonding orbitals. Filling each of these bonding orbitals with is reasonable because the oblate nature of the relevant
an electron pair leads to the 2- 2 skeletal electrons required  deltahedra leads to a relatively low curvature at the sites of
by the Wade-Mingos ruled® for a globally delocalized the metal vertices, thereby facilitating introduction of
three-dimensional aromati® closo deltahedron. otherwise nonbonding lone pairs into the skeletal bonding.
Now consider an isocloso metallaborane deltahedron Introduction of two otherwise nonbonding lone pairs from
having n vertices and only 2 Wadean skeletal electrons. each CpRe vertex in the oblatocloso ,2p.Bn-—2Hn—> di-
Such an isocloso metallaborane with Wadean skeletal — metallaboranes into the skeletal bonding adds eight skeletal
electrons can at least formally be derived fronclaso electrons to the Wadean skeletal electron count. These
metallaborane withi2+ 2 Wadean skeletal electrons by a apparently hypoelectronic deltahedra with 2 4 Wadean
two-electron oxidation. Such a two-electron oxidation is
actually known experimentally in the reportédeaction of (35) Litteger, R.; Englich, U.; Ruhlandt-Senge, K.; Spencer, Arigew.
the [closo(7>-arene)RuBHg]>~ dianion with dioxygen to (34 ﬁ?neg”?h.'”Bt'. |E§é9°ghiia.i‘ééé'3s, 5151
give neutralisoclose(r®-arene)RuBHo. Now assume that  (37) King, R. B.Inorg. Chim. Acta200Q 300-302, 537.

3. Chemical Bonding
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skeletal electrons now become deltahedra havimg—{24) are supplemented by one of the two—2Ze bonds so that
+ 8 = 2n + 4 actual skeletal electrons, implying that such there are a total of + 1 surface bonds. The metainetal
deltahedra should contam+ 2 skeletal bonds of some type. bond inside the deltahedron is then only a singte 2e bond
Furthermore, there are 18(— 2) internal orbitals from the  rather than a double bond. Although this model cannot be
n — 2 boron vertices and 2 5= 10 internal orbitals from rigorously excluded, it appears less likely since it requires

the two rhenium vertices for a total o3+ 4 internal the surface bonding in oblatoclosaertex dimetallaboranes
orbitals. This corresponds to a skeletal bonding topology with with n 3c—2e bonds and one 2@e bond to be fundamen-
n 3c—2e bonds and two 2€2e bonds. tally different from that of the isoclosb vertex metallabo-

Assume now that the surface bonding in the oblatocloso ranes with only then 3c—2e bonds.
dimetallaboranes withn vertices is the same as that in the
isocloso metallaboranes, namealy3c—2e bonds requiring
2n skeletal electrons anchdkeletal orbital$53” The “extra” A new series of nonspherical and very oblate deltahedra,
skeletal electrons and internal orbitals left over after this conveniently called the oblatocloso deltahedra, is found
surface bonding, namely four skeletal electrons and four in dimetallaboranes among which the dirhenaboranes
internal orbitals, correspond to a metahetal double bond  CpReB,H,—2 (8 < n < 12) are the prototypes. THas,
inside the deltahedron. In this connection thesRe distance  hexagonal bipyramid is the first member of this series=(
0f2.723 Afoundby X-ray crystallograpf§n (7> MesCs).Re(CO),, 8) with the two metal atoms at the degree 6 vertices in
which is required to have a Re&Re double bond for each  antipodal positions on th€g axis. The higher members of
rhenium atom to have the favored 18-electron configuration, the series are not bipyramids. However, they can be derived

4. Summary

is within the observed range of 2.62.82 A of rhenium- from n-vertex bipyramids by a sequence of dsd processes

rheniumdistances foundin the {{&B,—,H,—, derivatives®-2? reducing the degrees of the axial vertices of the original
We thus see an interesting progression in the series of closddipyramid. In all of thesen-vertex oblatocloso deltahedra

— isocloso — oblatocloso/borane— metallaborane— with (8 < n < 12), the two nearly antipodal metal vertices

dimetallaborane deltahedra. All of these three types of have degrees 6 or 7 and the remaining boron vertices have
vertex deltahedra haveformal surface bonds, which may degrees 4 or 5. Removal of one or two boron vertices from
be either two-center or three-center bonds depending on theoblatocloso deltahedra leads to oblatonido and oblatoarachno
available number of internal orbitals. The closo deltahedra dimetallaboranes, respectively, having the same number of
supplement their surface bonding with arcenter two- skeletal electrons as the deltahedra from which they are
electron (ic—2e) core bond. The two electrons removed from derived. o

a closo deltahedron upon oxidation to give the corresponding A viable model for the skeletal bonding in the oblatocloso

isocloso deltahedron come ultimately from the-2e core dimetallaboranes can be developed if each of the two metal
bond, thereby breaking this bond. This leaves onlyihe Vertices is assumed to contribute five internal orbitals rather

surface bonds in the isocloso deltahedron, but now asthan the three internal orbitals assumed by the Wadiegos
3c—2e rather than 2e2e bonds because of the releasmof rules?=® This leads to 8 + 4 actual skeletal electrons for
empty internal orbitals upon breaking the core bond. Bringing @n n vertex oblatocloso dimetallaborane rather than the
two additional lone pairs from each of the two metal atoms Wadean B — 4 skeletal electron count for these structures.
to give the oblatocloso dimetallaborane deltahedra can retainThe surface bonding of anrvertex oblatocloso dimetalla-
then surface bonds as 3®@e bonds but adds a new metal  borane then consists af 3c—2e bonds similar to that in
metal double bond inside the deltahedron using the extra fourcorresponding isocloso metallaboranes. This leaves four
skeletal electrons and the extra four internal orbitals. orbitals and four electrons for a metahetal double bond
This model for the skeletal bonding irvertex oblatocloso  Inside the oblatocloso deltahedron.
deltahedra differs from a model discussed in a previous Acknowledgment. | am indebted to the U.S. National
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