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Abstract—Compounds (1–3), which are composed of benzene nuclei linked through 1,2-dicarba-closo-dodecaborane (o-carbo-
rane), were synthesized and their structures were determined by X-ray crystallography. 1,3-Bis(2-phenyl-o-carboran-1-yl)benzene
and 1,3,5-tris(2-phenyl-o-carboran-1-yl)benzene (3) have syn stereochemistry of all the terminal benzene rings, despite their steric
overcrowding. © 2001 Elsevier Science Ltd. All rights reserved.

The icosahedral carboranes (dicarba-closo-dodecabo-
ranes) have characteristic properties, such as high
boron content, remarkable thermal and chemical stabil-
ity, spherical geometry and exceptional hydrophobic
character. Their unusual properties have been utilized
in materials chemistry in the preparation of materials
for liquid crystals1 and non-linear optics,2 and in medic-
inal chemistry in the design of boron carriers for boron
neutron capture therapy (BNCT)3 and receptor-ligands
as a hydrophobic pharmacophore.4 Further the poten-
tial of o-, m-, p-carboranes (1,2-, 1,7- and 1,12-dicarba-
closo-dodecaboranes) as components or building blocks
in supramolecular systems is beginning to be explored.5

Recent studies in this area include analyses of the
effects of �-bonding interactions between cage CH and
calix[5]arene,6 and hydrogen-bonding interactions
between cage CH and diaza-18-crown-6.7 The construc-
tion of linear8 and macrocyclic9 molecules, in which
carboranes are linked through organic groups or mer-
cury atoms10 has also progressed. The carboranes have
several desirable features in this regard. Their rigid
three-dimensional structures hold substituents in well-
defined spatial relationships. The two carbon vertices of
carboranes bear relatively acidic protons and readily
allow substitution with metal and organic groups. Sub-

stituents can also be introduced at certain boron ver-
tices. Recently, we have reported aromatic cis-ureas
bearing the carborane cage as a substituent.11 The
imposition of the cis-orientation of urea or amide is
achieved by using the o-carborane cage, which is pre-
pared by the reaction of decaborane(14) with acetylenic
compounds in the presence of a Lewis base. Similarly, it
should be possible to construct carborane-containing
three-dimensional structures from two-dimensional aryl-
acetylenic arrays,12 which have been developed in
nanoscale architecture. We here describe the structural
analysis of aromatic compounds composed of benzene
nuclei linked through o-carborane (1–3).

The preparation of the designed compounds is outlined
in Scheme 1. The precursors, bis(2-phenylethynyl)-
benzenes (4 and 5) were prepared by palladium-cata-
lyzed coupling of diethynylbenzene with iodobenzene.13

1,3,5-Tris(2-phenylethynyl)benzene (6) was prepared by
palladium-catalyzed coupling of 1,3,5-tribromobenzene
with ethynylbenzene. The reaction of decaborane(14)
with acetylenic compounds is general for the prepara-
tion of C-substituted o-carborane derivatives. The pro-
cedure using B10H12(Et2S)2 seems to be effective for the
purpose of 3-dimensional molecular construction
employing the o-carborane cage as a linker for spatial
control. Examples include the synthesis of bis-aryl-sub-
stituted o-carboranes,14 aryl derivatives containing
more than one carborane substituent15 and bis(2-
phenyl-o-carboran-1-yl)benzenes (1 and 2).16 In our
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Scheme 1. Synthesis of bis- and tris(2-phenyl-o-carboran-1-yl)benzenes (1–3). In icosahedral cage structures throughout this
paper, closed circles (�) represent carbon atoms and other vertexes represent BH units.

experiments, the reaction of compounds 4 and 5 with
3.0 equiv. of decaborane(14) and diethylsulfide (6.1
equiv.) in toluene under reflux for 3 days afforded
1,4- (1) and 1,3-bis(2-phenyl-o-carboran-1-yl)benzene
(2) in yields of 80 and 75%, respectively. Compound
(6) was also converted to 3 by a similar procedure in
59% yield. All of the compounds synthesized were
confirmed to have appropriate elemental analysis and
NMR spectroscopic data.17

The crystal structures of the compounds18 are shown
in Fig. 1. 1,4-Bis(2-phenyl-o-carboran-1-yl)benzene
(1) has the anti stereochemistry in which the two ter-
minal benzene rings exist on opposite sides of the
central benzene ring, while 1,3-bis(2-phenyl-o-carbo-
ran-1-yl)benzene (2) exists in syn conformation, in
which they are on the same side. Moreover, all three
terminal benzene rings of 1,3,5-tris(2-phenyl-o-carbo-
ran-1-yl)benzene (3) are on the same side (syn stereo-
chemistry), despite their steric overcrowding. Dihedral
angles between terminal benzene rings are 75.8° for 2
and 97.6° for 3, and ring center- ring center distances
are 5.36 A� for both. We previously reported similar
aromatic conformation in the crystal structure of
tris(N-methyl-N-phenyl)-1,3,5-benzenetricarboxamide.19

The common stabilization of the all-syn conformation
in the amide and in compound 3 is attributable to
T-shaped interaction20 of the three terminal benzene
rings of these compounds.

Their solution structures were examined by 1H NMR
using CD2Cl2 as a solvent. In the case of 1 and 2,
there was no significant change of 1H NMR spectra
even at −80°C. On the other hand, the chemical shifts
of the aromatic protons of 3 depend on the tempera-
ture. In particular the chemical shifts of the protons
of the central benzene rings (7.39 ppm) and ortho
protons of the terminal benzene rings (7.34 ppm) at
303 K shift to higher field as the temperature is low-
ered, and the signals appear at 7.24 and 7.17 ppm,
respectively at 193 K. Although two possible confor-
mations of 3, syn (similar to the crystal structure) and
anti (one terminal benzene ring is on the opposite
side to the others), could not be distinguished at 193
K, the high field chemical shifts would indicate the
increase of syn conformation in the population at low
temperature, as observed in the 1H NMR spectrum of
the triamide.19 The result suggests that the syn con-
formation of 3 is predominant in solution.

The examples shown here are fundamental com-
pounds that demonstrate the usefulness of the carbo-
rane cage in constructing 3-dimensional structures
with well-defined spatial relationships. The results
described here should provide a basis for synthesizing
more complex aromatic molecules containing carbo-
rane cages.
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Figure 1. Stereoviews (cross-eyed) of crystal structures of the bis- and tris(2-phenyl-o-carboran-1-yl)benzenes.
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