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The metallaborane Cp,Co4B4H, and the organometallic cluster Cpg-
Fe4C4H4 (Cp = 5-cyclopentadienyl) not only are isoelectronic but
also exhibit completely analogous eight-vertex bisdisphenoidal
structures. Such structures, as well as the tetracapped tetrahedral
structure of the CpsFes(us-CO), precursor to CpsFesC4Ha, can be
derived from a cube by insertion of diagonals in each of the six
faces. Furthermore, the formation of CpsFesCsH4 from CpsFes(us-
CO), can be described as a double diamond-square—diamond
process preserving D,y symmetry throughout the process.

The chemistry of boranes and metallaboranes is character-
ized by the formation of a variety of stable clusters exhibiting
structures based on deltahedra or deltahedral fragments. This
Communication presents an apparently previously unrecog-rigure 1. (a) The bisdisphenoidal metallaboranes@gBsHs (M = Co
nized direct connection between eight-veriy bisdisphe- and Ni). (b) The bisdisphenoidal organometallic clustesF&CsHa. The

noidal metallaboranes discovered in the late 1970s and boron<P [i"ds on the metal atoms and the H atoms on B and € are omitted for

. . clarity. Faces with 3e2e bonds are colored yellow, and edges corresponding
free organometallic clusters discovered much more recently.to 2c-2e bonds are bold. Degree 5 vertices are depicted in black, and degree
This direct connection is of interest since it indicates that 4 vertices are depicted in red.

carbon can completely replace boron in suitably chosen ) _
deltahedral organometallic clusters. n-vertex “isocloso” deltahedral metallaboranes with 2

The metallaboranes of interest are the bisdisphenoidaISkeletal electron&Similarly, the 20 skeletal electrons in £p
metallaboranes GM4BsHs (M = Co' and Ni2?® Cp = NisB4H4 can be accommodated by four-32e and six 2e

cyclopentadienyl or methylcyclopentadienyl). In the cobalt ze s_keletal bonds (yellow faces and bold edges, respectively,
derivative, the metal atoms are located at the degree 5N Figure 1a).

vertices of the bisdisphenoid whereas in the nickel derivative, ~The closely related bisdisphenoidal boron-free organome-
with four extra apparent skeletal electrons, the metal atomstallic clusters CgFe;C,H4 were first obtained in 1998 by
are located at the degree 4 vertices (Figure 1a). The chemicafhe reduction of the tetrahedral clusters£g(us-CO), with
bonding in these metallaboranes has been extensivelyexcess LiAlH, in tetrahydrofuraf. The cluster CiFe,CiHq
discussed in several paptisand a review.In CpyCosB4H,4 is exactly isoelectronic with GEo,BsH4 and exhibits an

the 16 skeletal electrons can be accommodated in eight threeidentical bisdisphenoidal structure with the iron atoms at the
center two-electron (3€2e) bonds in eight of the 12 degree 5 vertices (Figure 1b).

deltahedral faces (yellow faces in Figure 1a) similar to other The CpFey(us-CO), precursor to Cgre,CsHs can be
considered as an K&, tetracapped tetrahedron derived from
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(us-CO), are broken, and the two-€C bonds in CpFe,C4H,4
are formed wittD,y symmetry being maintained throughout
the reaction.

Reaction of CpFey(us-CO), with a more limited amount
of LiAIH 4 for a shorter period of time leads to the cationic
derivatived? [CpsFey(u-CO)(usz-CH)]™ and [CpFey(us-CO),-
(us-CH),)?t. These exhibit tetracapped tetrahedral structures
closely related to that of Gpey(us-CO), but with one or
two us-CH™ groups replacingi-CO groups. Note thats-
CH*' and u3-CO groups are both donors of two skeletal
electrons in metal cluster structures.

An eight-vertex deltahedron intermediate betweenThe
tetracapped tetrahedron of fFeu(us-CO), and the Dy
bisdisphenoid of Cg-&,C,H, is found in CpFesCoHo(us-
CO),, which has been obtained by reduction of the dication
[CpsFey(us-COX(us-CH),]?" with Cp,Co in acetonitrile! In
the structure of Cge,C,H,(us-CO), five of the six Fe-Fe
distances are bonding distances in the range-22488 A,
whereas the sixth FeFe distance is clearly a honbonding
distance of 3.44 A. The B€, polyhedron in CgFe,CoH,-
(us-CO), hasC,, symmetry and can be derived from the
tetracapped tetrahedron of {eu(us-CO), by a single dsd
rearrangement (Figure 2). In order to count skeletal electrons,
the CpFe,CH(us-CO), cluster can be dissected into a£p
Fe,C.H, octahedron and twes-CO groups. The cluster then
has the 14 skeletal electrons required by the Wadmgos
rules? 14 for a globally delocalized octahedron by receiving
four electrons from the four CpFe vertices, six electrons from
the two CH vertices, and four electrons from the geCO
groups. A second dsd rearrangement offegC,H,(u3-CO),
using the blue FeFe edge in Figure 2 gives the bisdisphe-
noid of CpFe,CsH,.

In summary, the exact analogy between the metallaborane
CpsCoBsH4 and the organometallic cluster @CsiH4
shows how deltahedral borane-type structures and chemistry
can be observed in boron-free molecules. Since th&&p

o cub A § hed | (us-CO), precursor to Cg-e,C4H,4 and related compounds
Figure 2. Conversion of a cube to the tetracapped tetrahedron clusier Cp ; ; ; ;
Fey(us-CO), the bisdisphenoid cluster ¢pesCasHa, and the intermediate Can_ be obtained by the S|mple pyml_yé@ of the readlly
deltahedral cluster GBe&:CoHa(us-CO), showing the relevant dsd relation- ~ available [CpFe(CQ)., these organoiron clusters are po-
ships. The added diagonals generating new edges are indicated in red, greertentially available in even larger quantities than their met-

and blue. The red and blue edges are involved in dsd processes wherea; o ; ;
the green edges remain as-fee bonds and are not involved in any of the allaborane analogues. This is particularly true since the only

dsd processes. External groups (Cp on Fe and H or CO on C) are omittedf€ported preparatidnof Cp,CasBsHa, namely from NaCp
for clarity except for the CH and CO groups in fE@CoHa(us-CO). + NaBsHg + CoCl, gives the product in very low yield.
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