
Inorg. Chem. 1994,33, 5155-5156 5155 

Conjunct0 Closo Boranes and Relationships to 
Dual Structures 

W. N. Lipscomb’ and L. Massa 

Departments of Chemistry, Harvard University, 
Cambridge, Massachusetts 02138, and Hunter College, 

CUNY, New York, New York 10021 

Received June 14, I994 

Conceptual placement of new vertices (atoms) in the faces 
of a polyhedral molecule leads to a dual (reciprocal) polyhedral 
molecule which is related to the f i s t  by the Descartes-Euler 
equation,’ P + F = C + 2. Here, P is the number of vertices 
(points), F is the number of faces, and Cis  the number of edges 
(“curves”). Examples, from the closo  borane^^,^ and carbon 
fullerenes, are B12H1z2- and C20 or (CZOH~O) or a proposed4 
B32H32 borane or ion (Figure 1) and C,# (or CmHm). 
Following an earlier suggestion of single nearly spherical 
polyhedra relating boranes to fullerenes? we now extend this 
relationship to some less spherical multicage structures of closo 
conjunct0 boranes in which boron atoms are shared between 
the polyhedra. 

Of course, polyhedra or polyhedral fragments are known to 
join to make a larger molecule in a multitude of In 
this initial study we explore icosahedral fragments containing 
shared boron atoms, although the ideas are more generally 
applicable to other fragments. 

Examples are a B22 polyhedron which has D5h symmetry 
(Figure 2), a B30 polyhedron of D3h symmetry (Figure 3), and 
a B36 polyhedron of Td symmetry. The relationship of these 
polyhedra to the dual (reciprocal) fullerenes is shown in Table 
1. Except for B12H&, the charges on the boron species have 
not yet been predicted. Moreover, the number of hydrogen 
atoms (a, b, c )  on the other three boranes is not yet specified 
because that number is less than the number of boron atoms 
when the polyhedral surface is nearly flat in certain regions of 
the molecule. 

the four shared boron atoms between 
the two B12 units have no hydrogens.12 The C35 and C47 species 
(Table 1) have structures which have been suggested for Zr13C22 
and Zr1gC29, re~pective1y.l~ However, the C56 species is not 
the same as the Zr22C35 proposal, which corresponds to a C57 
species in which there is an internal bond. While this Zr22C35 
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Figure 1. Proposal4 for a B32H32 molecule or ion of icosahedral 
symmetry. 

Figure 2. In this Bzz polyhedron (&) each vertex is connected to 
five other vertices. The dual is a 35-vertex polyhedron in which five 
vertices are shared between two CZO units, a structure proposed13 for 
2 1 3 c 2 2 .  

Figure 3. This Bj0 polyhedron (D3h) is the dual of a 
which CZO units share three faces, a structure proposed for Zr&9. 

fullerene in 

Figure 4. Twist-collapse of the Bzz polyhedron to a D5d structure 
having 40 triangular faces. The dual structure ia a candidate for a Ca 
species of D5d symmetry. 
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Figure 5. Left: BZOHI~  showing four shared boron atoms. Center: Putative intermediate in rearrangement of the lower part of the molecule. 
Right: The BzoH~&z molecule, where L is a ligand such as acetonitrile 

Table 1. Multicage Polycarbon Species and Boron Analogues 

carbonspecies P F C sym boronspecies P F 
c 20 20 12 30 I h  B 12H1z2- 12 20 
c35 35 22 55 D5h B22Ha 22 35 
c47 47 30 75 D3h B3oHb 30 47 
c 5 6  56 36 90 T d  B36Hc 36 56 

proposal is a reasonable structure, there is no simple dual. We 
conjecture that this dual relationship fails when internal bonds 
occur. 

Closo borane structures which have square faces are expected 
to be unstable with respect to distortions of the DSD (diamond- 
square-diamond) type.14 The result of this distortion in the 
B22 structure, shown in Figure 4, has 40 triangular faces. The 
dual-related closo fullerene is a C40. Similar distortions are 
conceivable for the B30 polyhedron of Figure 3 to imply a dual, 
(256. A similar distortion of the B36 polyhedron from T d  to T 
symmetry yields 68 triangular faces and suggests a dual, c68. 

These collapsed structures present another problem because 
the BH units in the collapsed region have boron atoms joined 
to six adjacent boron atoms. This feature is present in 
C2B9H11,15’16 which is isoelectronic with fluxional17 Bl1H1l2-. 
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Boron atoms without attached hydrogen atoms occur at 6 or 
higher coordination in the junctures of many conjunct0 boranes, 
the first of which was B18H22.l~ However, further transforma- 
tion may be found to more stable structures involving a decrease 
in the number of shared atoms. An early example8 is the 
transformation of &OH16 by bases such as acetonitrile (L) to a 
ligated B20H1&2 (Figure 5). This process may occur through 
a local cuboctahedral intermediate (Figure 5, middle), and it 
yields the nido product in which one vertex is missing (Figure 
5, right). 

Perhaps the most promising method of synthesis involves the 
oxidative coupling reactions starting from single metal or small 
clusters of metal ions bound to nido borane or nido carborane 
species, a reaction elaborated by Grimes and co -w~rke r s .~~-*~  
These reactions could also be investigated for coupling of nido 
clusters which are different from one another. 
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