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Triangulated boron networks can be described in terms of the deviation of their local vertex environments from the
degree 5 vertices found in ideal icosahedra. Vertices of degrees other than 5 or equivalent are considered to be
defective vertices. This method, which was previously applied to deltahedral borane anions B,H.?~ and nido-
BnHn+4 boranes, has now been applied to arachno boranes of the types ByHn+s and BHnis~ (4 < n < 10). The
known structures of the neutral arachno boranes BsHig, BgHi4, and n-BgHss consist of triangulated boron networks
with no defective vertices in accord with their higher stabilities relative to other neutral arachno boranes. In other
structures of known arachno boranes, there are relatively small numbers of defective vertices, and these are
isolated as far as possible from each other.

1. Introduction to Kekuletype localized structures for deltahedral bordngs
appear to be more relevant to taeachnoboranes than the

can be described in terms of the deviation of their local vertex globally delocalized models of three-dimensional aromaticity.
environments from the degree 5 vertices found in ideal The “defective vertex model” for borane structures consid-

icosahedra (where the degree of a vertex is the number of€'S Only the vertex degrees without regard to the detailed
edges meeting at the vertex in question). Thus, vertices ofhature of the chemical bonding. This paper explores a similar

degrees other than 5 are considered to be defective verticesT0d€! for understanding the structures and chemical reac-

This method was applied to theoso deltahedral boranes ~tvities of thearachnoboranes.
B.H.?~ (6 < n < 12) as well as the more opeido- boranes
BrHnt4 (5 = n =< 11) and fused polyhedral boranegt.4
(12 = n = 18). The arachnoboranes of interest are networks of boron
A variety of electron-richer boranes are known such as triangles, which can be regarded as fragments of borane
thearachnoboranes BH,+¢ With 2n + 6 skeletal electrons.  deltahedra. For therachnoboranes of stoichiometryBlns,
In fact, twoarachnoboranes, namely B, and BH;1, were each boron atom is bonded to at least one hydrogen atom.
among the six original boranes discovered in the pioneering The “extra” six hydrogen atoms appear as bridging hydrogen
work of Alfred Stock? The structures of thesarachno atoms (B-H—B bridges) or as Bklgroups. Thus, for most
boranes consist of more open triangulated boron networksof thearachnoboranes, some of the boron vertices bear two
derived from closed deltahedra by removal of two adjacent terminal hydrogens rather than only a single terminal
vertices® Because of their more open structures as well as hydrogen like the boron vertices in thgdoso and nido
their lower chemical stabilities, various models of three- boranes. For this reason, it is sometimes less confusing in
dimensional aromaticify® are not considered to be as thearachnoboranes to consider the connectivities rather than
pertinent to understanding the structure, chemical bonding,the degrees of the boron vertices. In this context, the
and chemical reactivity foarachnoboranes as foclosoand connectivity of a vertex includes its connections to adjacent
nido boranes. Thus, more localized bonding models similar vertices through edges of the polyhedron or network as well
as bonds to either bridging or terminal hydrogen atoms. Thus,

* E-mail: rbking@sunchem.chem.uga.edu. ; in i 2—
(1) King, R. B.Inorg. Chem 2001, 40, 6369, all of the boron vertices in icosahedral;.B;,*~ have

(2) Stock, A.Hydrides of Boron and SilicgrCornell University Press:

In a previous papér] have shown how boron polyhedra

2. Background

Ithaca, NY, 1933. (7) Dixon, D. A;; Kleier, D. A.; Halgren, T. A; Hall, J. H.; Lipscomb,
(3) Rudolph, R. W.; Pretzer, W. Rnorg. Chem.1972 11, 1974. W. N. J. Am. Chem. S0d.977, 99, 6226.
(4) King, R. B.; Rouvray, D. HJ. Am. Chem. S0d.977, 99, 7834. (8) King, R. B. InTopology in ChemistryRouvray, D. H., King, R. B.,
(5) Stone, A. J.; Alderton, M. dnorg. Chem.1982 21, 2297. Eds.; Ellis Horwood: Chichester, U.K., 2002; pp 36387.
(6) King, R. B.Chem. Re. 2001, 101, 1119. (9) King, R. B.Collect. Czech. Chem. Commu002 67, 751.
3412 Inorganic Chemistry, Vol. 42, No. 11, 2003 10.1021/ic0300215 CCC: $25.00  © 2003 American Chemical Society

Published on Web 04/29/2003



arachno Borane Networks

boundary vertices lying on the boundary and interior vertices
not lying on the boundary. If is the number of interior
vertices, therv = b + i. Euler’'s theorem can be restated in
terms ofb, i, andA as follows:

b+i—e+A=1 1)

Since every edge is shared by two faces,=2 3A + b
leading to the following relationship between the size of the
boundary, the number of interior vertices, and the number
of triangles in amarachnoborane structure:

b+2i—A=v+i—-A=2 @)

Equation 2 may be regarded as an analogue of Euler's
theorem forarachnoborane structures relating the number
of triangles to the number of interior vertices.

The arachno boranes, like other boranes, can also be
characterized by thetyxset of parameters of Lipscorib®3
wheres, t, y, andx are the numbers of BH—B bridges,
three-center BB—B bonds in the face of a triangle in the
network, two-center BB bonds, and Bhlvertices, respec-
tively. For thearachnoboranes of stoichiometry Bin+s,

s + x = 6 since the six “extra” hydrogen atoms must be
either B-H—B bridges or BH groups. Also, LipscomB—2
has derived the following “equations of balance” between

Figure 1. The borane deltahedra showing deficient vertices in red and the styx parameters for a borane of formulaHB;
excessive vertices in green. This coloring scheme is used in the other figures.

2s+ 3t + 2y + x = 3p (boron orbital balance) (3a)
connectivity 6. In this case, the connectivity of a boron vertex
is one more than its degree since the bond to the external s+ 2t + 2y + x= 2p (boron electron balance) (3b)
hydrogen is added to the five edges meeting at the vertex in
question. In terms of connectivities, the “ideal” vertices have
connectivities of six as found in the icosahedrabHB >~
whereas defective vertices have connectivities different from
six. Defective vertices with connectivities less than six may
be considered to beeficient vertices whereas defective
vertices with connectivities greater than six may be consid-
ered to beexcessie vertices Deficient vertices of connectiv- 3. arachno Borane Structures
ity 5 and excessive vertices of connectivity 7 and their . .
gjjacent edges are depicted in red and gregn, respectively, Figures ?—6 illustrate the structures of tla@achnoboranes
in the figures in this paper. Ideal vertices (i.e., those of as follows: (1) The vertices correspand te-H groups so

connectivity 6) are depicted in black. Figure 1 illustrates this t_hat “~H"attached to a ve_rtex ina f‘!gure ,|nd|cates the loca-
color coding for the deltahedra of the borane$is . tions of the BH groups (i.e., the “extra®ndo hydrogen
. atoms). Thus, in these figures the vertices of degree 5
The triangulated networks of ttegachnoboranes can be counting an external bond to the “extra” hvdrogen of a ter-
characterized by the lengths of their boundaries, designateq( . 9 Y . ra nhyarog .
by Williams®® by Cwhereb is the length of the boundary minal BH, group) are |deal' vertices similar to all 12 equiv-
(number of B-B edges), expressed in Roman numerals. If alent boron ve_rtlces n the |cosaf_1ed_ral bor_amQ-IBf* (Fig- .
the arachno borane structures are regarded as polyhedraure 1). Such “ideal” vertices are indicated in black. (2) Defi-
. . cient vertices of degree 4 are indicated in red whereas ex-
having exactly one nontriangular face, the boundary of the . . o . T
network is the polygon of the nontriangular face. The vertices cessive vertices of degree 6 are indicated in green similar to

- : the vertices in the deltahedra in Figure 1. (3) A viable local-
of anarachnoborane network can be divided into boundary . X T
. R . ized bonding scheme is indicated by bold edges for two-cen-
vertices and interior vertices.

: , ter two-electron B-B bonds and yellow triangles for three-
Consider Euler’s theorem,— e + f = 2, wherev, €, and
center two-electron BB—B bonds. These bonds are al-

f are the numbers of vertices, edges, and faces, respectively .
. located so that each boron atom uses all four valence orbitals
For anarachnoborane network considered as a polyhedron,

one face is a polygon with theedges of the boundary, and  (10) williams, R. E.Chem. Re. 1992 92, 177.
all of the other faces are triangles. & is the number of (l%) D_ickersobn, R.E; Lipscor(r;t_)éI W. N. Chem. Phys1957 27,k21363
triangles, them\ = f — 1. Furthermore, all vertices of the (12 Lipscomb, W: NBoron Hydridesw. A Benjamin: New York, 1963.

o - (13) Lipscomb, W. N. InBoron Hydride ChemistryMuetterties, E. L.,
arachnonetwork can be classified into two types, namely Ed.; Academic Press: New York, 1957; pp-308.

Furthermore, the total number of three-center bonds
(B—H-B and B-B—B) for a neutral borane can be seen to
be equal to the number of boron atoms, iset; t = p. For

an arachnoborane, BHn6, t + vy = p — 3. Thesestyx
parameters can be used to generate localized bonding
modelg~* for the arachnoboranes of interest.
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Figure 2. (a) Thearachnoboranes with four boron atoms,B;o and
B4Hg™. (b) The two structures for 4B11.

Figure 3. (a) Thearachnoboranes with six boron atoms,B;, and
BgH117. (b) The arachno boranes with seven boron atoms;Hgs and
B7H12.

of its sp manifold. (4) The Lipscomistyxnumber and the
length of the boundaribCare indicated below the structure.
3.1l arachnoBoranes with Four Boron Atoms (Figure
2a). The simplest neutradrachnoborane BHjo with styx
number 40121V Thas no defective vertices. It is one of the
original boranes discovered by St8c&nd is the borane
produced in the largest quantity from Stock’s original reac-
tion of magnesium boride with acid. Deprotonation aHg,
gives anarachno borane anion Bdy. The 2113HVO

structure of BHg™ has three defective vertices whereas the (15)

alternative less symmetrical 302/ [structure has only two
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Figure 4. Three structures for 4114

Figure 5. (a) The structure of-BgH1s. (b) The structure of BHia~.

defective vertices. No structural studies appear to be available
on ByHy~ salts. However, NMR studié&sindicate a fluxional
species. The more symmetrical 21@8-1structure was
proposed for BHy, but the 30223V Ustructure favored by
fewer defective vertices cannot be excluded from the
available data.

3.2 arachno Boranes with Five Boron Atoms (Figure
2b). Two structures for tharachnoborane BH,; are the
32034V [structure with two isolated defective vertices and
the 4112V [structure with only one defective vertex. Both
X-ray and electron diffraction data confirm the 41M2-]
structure with the smaller number of defective vertite's.

3.3arachnoBoranes with Six Boron Atoms (Figure 3a).
The 421281 0structure for BH;, of C, symmetry with a
defective vertex at each end of the molecule was deduced
by B NMR?'® and subsequently confirmed by electron
diffraction” Shore and co-worketshave prepared the ion
BeH11~ by addition of BH to BsHg™. On the basis of NMR

(14) Remmel, R. J.; Johnson, H. D.; Jaworiwsky, H. I. S.; Shore, S. G.
Am. Chem. Sod 975 97, 5395.
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arachno Borane Networks

Figure 6. Four structures forso-BgHjs.

spectra, they postulated a 41B8dFIstructure. This is the
smallestarachnoborane with an interior vertex.
3.4arachnoBoranes with Seven Boron Atoms (Figure
3b). Corcoran and Snedd¥hobtained a BH;3 borane by
the PdBg-catalyzed coupling of B4s and BHg. They
proposed a structure derived from diborane by replacing one
of the bridges with a-BsHg unit derived from pentaborane.
However, a 5221V [structure for BHy3 based on an adduct
of BHj to the B—B two-center two-electron bond ingBo
has only a single deficient vertex and a single excessive
vertex and thus should be a favorable structure.

The deprotonatedrachnoheptaborane B, has been
obtained by Shore and co-workéfsThey suggest a 4231-
VIO structure based on limited NMR data. However,
definitive structural data on MBl;;~ are not yet available.
This structure has two isolated defective vertices.

3.5arachnoBoranes with Eight Boron Atoms (Figure 3.7 arachno Boranes with 10 Boron Atoms (Figure 7).

4). A sequence of threarachne VI Cstructures are possible  The B,y network inarachneBigH142~ is very similar to the

for BgH14 Where B-H—B bridges on excessive vertices are By, network in the very stablaido-BioH14, Since removing
successively converted to terminal Bgroups with a de-  a pair of adjacent vertices in an icosahedron gives the same
crease of the total vertex degree by one each time. This pro-B,, network as removing the unique degree 6 vertex from
cess relieves the excess connectivity of the excessive verticesthe 11-vertex deltahedron inyB1:2~ depicted in Figure 1.
The 4412VI0structure has no defective vertices and is However, whereagido-BigH14 has four B-H—B bridges
consistent with the NMR data of Moody and Schaeftfer. and no defective verticegrachneBioH142~ has only two

3.6 arachnoBoranes with Nine Boron Atoms (Figures B—H-—B bridges, two BH groups, and a defective vertex
5 and 6). There are two isomers of the neutr@achno at each BH group.
nonaborane, ;5. The more stable isomer, known as “

BoH:<", has a 542111 Ostructure with an unusual heptago-  4- Summary

nal border (i.e.b = 7) and no defective vertices (Figure The analysis in this paper shows that the concept of
5a)2%2TThe second isomer ofgBl;s, namely ‘iso-BgH15", has defective vertices discussed previously &doso and nido

a hexagonal border (i.0,= 6). A sequence of foumrachne boranes also appears to be valid doachnoboranes despite

VI Ostructures is possible faso-BgH1s in which B-H—-B their more open structures. Thus, the distribution of “excess”
bridges are successively converted to terminab Bkbups hydrogen atoms in f.+s and BHn+s~ species as BH—B

with a decrease of the total vertex degree by one each timebridges and terminal B groups generally occurs to
this happens (Figure 6) similar to the process already dis- minimize the number of vertices with connectivities other
cussed for BHi4. The final isomer 3603VI[has no defective  than six as illustrated by the specific examples discussed in
vertices. Thearachnoborane anion BHi4~ has a closely  this paper. When defective vertices must be present because
related 3522¥1 Cstructure with only a single defective vertex of other structural limitations, they are generally isolated as
(Figure 5b)? Protonation of BHi4~ generatesso-BgHis far apart as possible.

rather tham-BgH,s in accord with the greater similarity of
the structure ofso-BgH;5 thann-BgH ;5 to that of BHja.

Figure 7. Comparison of the structures afachnoBigHi42~ and nido-
BioH14.
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