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It is only in recent years that significant progress been made in
the chemistry of supercarboranes.1-5 Carbon-atoms-adjacent (CAd)
13- and 14-vertex carboranes1-3 and their corresponding 14- and
15-vertex metallacarboranes3-5 have been successfully prepared and
structurally characterized. Such a breakthrough relies on the use
of CAd carborane anions as starting materials. The methodology
for the controlled syntheses of CAdnido-carboranes andarachno-
carboranes developed earlier in our laboratory provides a very
important entry point to supercarboranes.6-8 It is very clear that
the short C,C′-linkage can force the two cage carbon atoms of
carboranes in adjacent positions during the reductive process.6-8

Is such a linkage necessary to stabilize the supercarboranes? There
is no unambiguous answer yet. Nonetheless, there have been some
intriguing hints. When the Welch group treated the carbon-atoms-
apart (CAp)nido-C2B10H12

2- with BI3, the isolated product was
3-I-1,2-C2B10H11, which suggested successful initial formation of
a 13-vertex carborane that spontaneously degraded by loss of a
BH group.1 This result led to an assumption that the C,C′-linkage
was crucial to stabilize the 13-vertex carborane. Therefore, we
initiated a program to study the role of such a C,C′-linkage in the
formation and stabilization of supercarboranes.

Reaction of 1,2-Me2Si(CH2)2-1,2-C2B10H10 (1)9 with excess Na
metal at room temperature, followed by treatment with 2 equiv of
HBBr2‚SMe2 in toluene/CH2Cl2, gave, after recrystallization, the
13-vertex carborane 1,2-Me2Si(CH2)2-1,2-C2B11H11 (2) in 39%
isolated yield (Scheme 1).10 It was fully characterized by1H, 13C,
and 11B NMR spectroscopy as well as high-resolution mass
spectrometry (HRMS). The11B NMR spectrum showed a 1:10
pattern. Two singlets at 2.55 and 0.31 ppm attributable to the
methylene and methyl units, respectively, were observed in the1H
NMR spectrum. Single-crystal X-ray analyses10 confirmed that2
has a henicosahedral structure which is similar to that of known
13-vertex carboranes.1-3

Compound2 is stable in air for several weeks in the solid state.
Its CDCl3 solution is, however, not very stable, and a new species
was observed in the11B NMR spectra after 10 days. Such a process
was sped up after adding a small amount of silica gel, which finally
led to a single product as indicated by the11B NMR spectra. This
incident spurred us to investigate this reaction in detail. After many
attempts, a simple desilylation procedure was developed. Compound
2 was subjected to column chromatography on SiO2 usingn-hexane
as elute,11 affording 1,2-Me2-1,2-C2B11H11 (3a) and its CAp isomer
Me2C2B11H11 (3b) in 60 and 30% yields, respectively.10 Compound
3a can be quantitatively converted into3b upon heating in the
toluene solution, suggesting that3b results from3a12 and is a
thermodynamically stable product. No decomposition was observed
during this process as evidenced by NMR spectra. These results
show clearly that the C,C′-linkage does not have any obvious effects
on the stability of 13-vertex carboranes.

Compounds3aand3b have the identical HRMS, indicating that
they are isomers. The11B NMR spectrum of3a showed a clear
1:5:5 pattern, while that of3b exhibited a pseudo 1:10 pattern where
a broad peak is not well resolved. The1H NMR spectra displayed
only one singlet of the methyl protons at 2.73 ppm for3a and two
singlets at 2.63 and 1.89 ppm assignable to the two different methyl
groups for3b. Accordingly, two resonances at 140.6 (cageC) and
34.8 ppm (CH3) and four peaks at 120.7, 83.0 (cageC) and 35.6,
27.3 ppm (CH3) were observed in the13C NMR spectra of3a and
3b, respectively. These spectroscopic data suggest that the two cage
carbon atoms in3b have different coordination environments: one
may be more connected than the other. The molecular structure of
3a was confirmed by single-crystal X-ray analyses,10 as shown in
Figure 1. The cage geometry is almost the same as that observed
in 2 with the two cage carbon atoms remaining in adjacent positions.
Compound3a represents the first 13-vertex carborane without a
C,C′-linkage.

The above experimental results show that3b is thermodynami-
cally more stable than its structural isomer3a, which is well
consistent with the properties of 12-vertex carboranes.13 This
important finding prompted us to re-examine the reaction of CAp
nido-C2B10H12

2- with RBX2 reagent. Treatment of 1,2-Me2-1,2-
C2B10H10 (5)14 with excess Na in the presence of a catalytic amount
of naphthalene giving CAp [7,9-Me2-7,9-C2B10H10]Na2, followed
by reaction with 2 equiv of HBBr2‚SMe2 in toluene/CH2Cl2, gave,
after chromatographic separation,3b and5 in 5 and 17% isolated
yields, respectively (Scheme 2).10 The remaining product is a
mixture of inseparable highly polar boron-containing species.

Scheme 1. Indirect Synthetic Routes to CAp 13-Vertex
Carboranes and 14-Vertex Metallacarborane

Published on Web 12/15/2006

18 9 J. AM. CHEM. SOC. 2007 , 129, 18-19 10.1021/ja067129e CCC: $37.00 © 2007 American Chemical Society



Although the synthetic yield is rather low, this is the first report to
show that CAp 13-vertex carborane can be directly prepared via
capitation reaction of [nido-7,9-R2-7,9-C2B10H10]Na2 with a di-
haloborane reagent. In view of this result and spectroscopic data
of 3a and3b, it is reasonable to assume that the two cage carbon
atoms in3b remain inmetapositions after the capitation reaction,
giving a thermodynamically more stable all-triangulated docosa-
hedral structure with the cage carbons being likely located in the
1,6-positions, that is, 1,6-Me2-1,6-C2B11H11.

Both 3a and3b were readily reduced by excess sodium in the
absence of naphthalene to give the corresponding sodium salts with
distinct 11B NMR spectra. A 1:5:5 pattern in the range of-9.2 to
-26.0 ppm was observed in the11B NMR spectrum of [3a]Na2,
which is very similar to that observed in CAd [nido-1,2-(CH2)3-
1,2-C2B11H11][Na2(THF)4],3 suggesting that the two cage carbon
atoms still remain adjacent. The11B NMR spectrum of [3b]Na2

exhibited a 1:2:2:2:2:2 pattern within-2.7 to -33.1 ppm. Both
salts were treated with 0.5 equiv of [(p-cymene)RuCl2]2 in THF to
generate the same 14-vertex ruthenacarborane 2,9-Me2-1-(p-cymene)-
1,2,9-RuC2B11H11 (4) in 19% (from3a) and 75% yields (from3b),
respectively (Scheme 1).10 In addition, 60% of3a was recovered
from the former reaction. An initial formation of 2,3-Me2-1-(p-
cymene)-1,2,3-RuC2B11H11 might be suggested when using3a as
the starting material, which subsequently isomerizes into the
thermodynamically stable product4.15

Complex4 was fully characterized by1H, 13C, 11B NMR, and
HRMS as well as single-crystal X-ray analyses. It adopts a bicapped
hexagonal antiprism geometry as that of 2,8-(CH2)3-1-(p-cymene)-
1,2,8-RuC2B11H11

5 with a Ru atom occupying one of the apical
vertices, two cage carbons seating on the two hexagonal belts, and
being separated by one boron atom (Figure 2). The Ru-CB5(cent)
distance of 1.41 Å and Ru-C6(cent) distance of 1.77 Å are very
close to the corresponding values of 1.40 and 1.77 Å observed in
2,8-(CH2)3-1-(p-cymene)-1,2,8-RuC2B11H11.5

In conclusion, we have synthesized, for the first time, both CAd
and CAp 13-vertex carboranes and 14-vertex metallacarborane
without any C,C′-linkages using direct and indirect methods. The

results show that the C,C′-linkages do not have any obvious effect
on the thermal and kinetic stability of 13-vertex carboranes, and
the CAp isomer is thermodynamically more stable than the CAd
one. The role of the linkages is just to lower the reducing power of
the nido-carborane dianions,7 facilitating the capitation reaction.2

CAp 13-vertex carboranes can be directly prepared by the reaction
of [nido-7,9-R2-7,9-C2B10H10]Na2 with dihaloborane reagents.
However, the yield is rather low due to the very strong reducing
power of the CApnido-carborane dianions. This work supports
our earlier argument that the prevention of the redox reactions is
the key to obtaining successively larger carboranes.2
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Figure 1. Molecular structure of 1,2-Me2-1,2-C2B11H11 (3a). Selected bond
lengths [Å]: C1-C1A 1.421(5), C1-C11 1.520(3), C1-B3 1.892(4), C1-
B4 1.600(4), C1-B5 1.800(3).

Scheme 2. Direct Synthesis of CAp 13-Vertex Carborane

Figure 2. Molecular structure of 2,9-Me2-1-(p-cymene)-1,2,9-RuC2B11H11

(4). Selected bond lengths [Å]: Ru1-C2 2.247(3), Ru1-B3 2.194(4),
Ru1-B4 2.235(4), Ru1-B5 2.275(4), Ru1-B6 2.279(4), Ru1-B7 2.265(4).
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