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The rigid three-dimensional nature of the isomeric icosahedral
carborane (C2B10H12) cages, 1,2 (ortho), 1,7 (meta), and 1,12
(para), accompanied by the versatile chemistry observed at both
the carborane C-H and B-H vertices1-3 makes their derivatives
attractive candidates for crystal engineering.4 The syntheses of
molecules containing modular carborane subunits, which may
prove useful in this quest, have been reported by this laboratory
as well as others.5-8 It has been demonstrated thatortho-
carborane forms host-guest complexes with cyclodextrins9 and
cyclotriveratrylene.10 Furthermore, Wade has recently demon-
strated thatortho-carborane forms a well-ordered 1:1 adduct with
hexamethylphosphoramide (HMPA).11 Similarly, the deca-B-
chloro-ortho-carborane dimethyl sulfoxide (DMSO) adduct has
been shown to exhibit strong hydrogen bond interactions in the
solid state.12 The characteristic common to these host-guest
complexes and solvent adducts is the pivotal role of hydrogen
bonding provided via the carborane’s C-H vertices, which
defines the organization of the complex in the solid state. We
now report the synthesis and solid-state structure of a novelortho-
carborane derivative, 9,12-bis-(4-acetylphenyl)-1,2-carborane) (1,
see Figure 1)13 which provides the first example of a carborane
system involving intermolecular hydrogen bonding in which the
functional group interacting with the carborane C-H is connected
to the carborane cage.

Functionalization ofortho-carborane at the 9- and 12-boron
can be readily achieved by iodination at the 9,12-vertices followed
by reaction with the appropriate Grignard reagent,14,15 in the
present instance the Grignard derived from 4-bromoacetophenone
ethylene ketal. Colorless crystals of1 were grown from acetone
solution by slow evaporation of the solvent. The structure of1
was confirmed by an X-ray crystal analysis, which also revealed
an interesting intermolecular phenomenon.16 Each carboranyl
C-H is within close proximity of a carbonyl oxygen atom
extended from another molecule. However, it is apparent from
the differing C-H-O bond distances C(1)‚‚‚O(11) 3.015(7) Å

and C(2)‚‚‚O(5) 3.335(8) Å that only the hydrogen at C(1) is
significantly interacting with a carbonyl oxygen attached to
another molecule. Atom O(5) is the carbonyl oxygen of a
molecule related by a center of symmetry atx ) 1/2, y ) 0, z )
1/2, and O(11) is the carbonyl oxygen of a molecule related by
a translation along thea axis (see Figure 1). This distance of
3.015(7) for C(1)‚‚‚O(11) is significantly shorter than the corre-
sponding values of 3.130(5) and 3.179(6) in the HMPA-ortho-
carborane dimer reported by Wade.11 The solid-state infrared
spectrum of1 exhibits two stretching frequencies for carborane
C-H (3070 and 3044 cm-1; 1,2 carborane 3071 cm-1). This
observation of two stretching modes and the shift to lower
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Figure 1. Crystal packing diagram of1. Selected distances (Å) and angles
(°): C(1)‚‚‚H(1) ) 0.98(4), H(1)‚‚‚(O11) ) 2.17(4), C(2)‚‚‚H(2) )
1.02(4), H(2)‚‚‚O(5) ) 2.36(4); C(1)-H(1)‚‚‚O(11) ) 146(3), C(2)-
H(2)‚‚‚O(5) ) 160(3). The remaining phenyl and carborane hydrogen
atoms are not shown for clarity.
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energy17 is consistent with the X-ray structure and the conclusion
that only the one C-H of C(1) is significantly involved in
hydrogen bonding.

In the present example of a carborane species involved in
intermolecular hydrogen bonding via the carborane C-H, the use
of a chelating ligand or a donor solvent molecule to orient the
solid-state structure was not required. The highly ordered
structure of1 strongly suggests the participation of the isomeric
carborane moieties in self-assembly processes involving more
complex molecules which result in applications to catalysis and
biological systems.18 We are currently continuing our investiga-
tion of boron-substituted carborane derivatives using an array of
other functional groups which will provide a route to highly
functionalized carboranes,19 mercuracarborands,20-22 carborods,23

and carboracycles24 with novel solution and solid-state properties.
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