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Reaction of the [1-Ph-closo-1-CB9H4-6,7,8,9,10-I5]2 anion
with 4-MeC6H4MgBr in the presence of [PdCl2(PPh3)2] gives
the [Pd2I2{P(C6H4-4-Me)3}4]2+ salt of the [1-Ph-closo-
1-CB9H4-10-I-6,7,8,9-(C6H4-4-Me)4]2 anion, which exhibits
an unusual neutral supramolecular assembly in the solid
state, in which the dipalladium dication is encapsulated by
two four-armed ‘tetrapus’ anionic units; the anion also has
potentialities for four-fold dendrimer construction.

There is increasing contemporary interest in the chemistry of
the [closo-1-CB9H10]2 and [closo-1-CB11H12]2 monocarba-
borane anions.1 Much of this interest involves their substituent
chemistry. In this last regard, we have recently reported results2

on several C-aryl substituted monocarbaboranes derived via the
entry reaction of benzaldehyde with nido-B10H14 to give the
[6-Ph-nido-6-CB9H11]2 anion 1. Upon cluster closure, anion 1
readily yields the [1-Ph-closo-1-CB9H9]2 anion 2,2a and here
we now report that polyiodination of this last species 2 readily
gives the penta-iodinated [1-Ph-closo-1-CB9H4-6,7,8,9,10-I5]2
anion 3, which upon arylation with excess 4-MeC6H4MgBr in
the presence of [PdCl2(PPh3)2] gives the tetra-B-arylated [1-Ph-
closo-1-CB9H4-10-I-6,7,8,9-(C6H4-4-Me)4]2 anion 4. Anion 4
exhibits a most interesting encapsulation of the [Pd2I2{P(C6H4-
4-Me)3}4]2+ cation 5 that is also formed in the reaction.

Thus, treatment of the [NEt4]+ salt of the [1-Ph-closo-
1-CB9H9]2 anion 2 with excess ICl in the presence of H2SO4
gives the [1-Ph-closo-1-CB9H4-6,7,8,9,10-I5]2 anion 3, isolat-
able in ca. 70% yield as its [NEt4]+ salt.3 Anion 3 thence reacts
with excess [4-Me-C6H4MgBr] in the presence of an equivalent
of the cross-coupling mediator [PdCl2(PPh3)2]1e to form the
[1-Ph-closo-1-CB9H4-10-I-6,7,8,9-(C6H4-4-Me)4]2 anion 4,
isolatable in ca. 40% yield as the [Pd2I2{P(C6H4-4-Me)3}4]2+

salt.4 During the reaction, only four of the five iodo substituents
of anion 3 are readily replaced by {C6H4-4-Me} moieties. We
have been unable to substitute the fifth in experiments so far,
even under more forcing conditions. Interesting also is that all
the P-phenyl groups on the starting palladium compound are
also replaced, as evidenced by the [Pd2I2{P(C6H4-4-Me)3}4]2+

counter-cation 5.
The structure of anion 4, determined by an X-ray diffraction

analysis of its salt with the cation 5,5 shows that the tetra-
arylation has occurred at the four equivalent lower-belt sites
distal from the carbon atom, but that the axial iodine substituent
antipodal to the carbon site remains (Fig. 1). The prominent
four-fold stereochemical protuberance of the four B-aryl
substituents is particularly noteworthy, and has implications for
dendrimer and coordination-polymer chemistry, for example
via methyl group functionalisation. Of more unusual interest is
that the anion 4 and the cation 5 seem to exhibit a strong mutual
affinity: in our hands so far, we have not been able to separate
anion and cation in various attempts using chromatographic and
ion-exchange experimentation, although anion and cation are
each respectively characterisable individually in the salt by
negative and positive ion electrospray mass spectrometry.

The solid-state structure suggests that this mutual affinity
arises from a favoured encapsulation of the dication by two of
the B-tetra-arylated monoanions to give a stable neutral
assembly (Fig. 2). The perspective afforded by the van-der-

Waals-radius representations in Fig. 3 (left) suggests that strong
elements of the cohesion arise because the four stereochem-
ically prominent B-aryl arms of the anions interlock intimately
into the crevices of the P-aryl groups on the cation, and vice
versa. The orthogonal view in Fig. 3 (right) shows that the
encapsulation by each anion is reminiscent of the way the arms

Fig. 1 Two perspectives of the crystallographically determined molecular
structure of the [1-Ph-closo-1-CB9H4-10-I-6,7,8,9-(C6H4-4-Me)4]2 anion
4. Selected interatomic distances (Å): C(1)–C(aryl) 1.492(7), B(10)–I
2.179(6), B–C(aryl) 1.583(7)–1.589(7).

Fig. 2 Representation of the neutral unit within the crystal lattice in which
two molecules of monoanion 4 (drawn with van-der-Waals-radius repre-
sentation) encapsulate one molecule of dication 5 (drawn with ball-and-
stick representation). The inherent interionic attraction is augmented by an
intimate cation–anion meshing as illustrated in Fig. 3.
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of a starfish or cephalopod such as an octopus might enwrap its
prey. Here however, there are only four arms, so anion 4 would
be describable as a ‘tetrapus’ cation predator.

The phenomenon has clear implications for supramolecular
assembly and selective cation sequestration. More generally,
this synthesis of this first of a new generation of polyarylated
monocarbaborane anions by a simple route in relatively good
yield, and in just four steps from the common polyhedral borane
starting material B10H14, significantly augments the range of
materials available for ‘least-coordinating anion’ chemistry. In
these contexts, an advantage is that the method is in principle
readily adaptable to other cluster substrates and also to other
substituents on carbon and boron via choice of entry alde-
hydes2,6 and choice of Grignard reagent. We therefore currently
experiment for cation exchange to examine for encapsulation of
other cations, for aryl-group modification for the tailoring and
tuning of encapsulation behaviour, and for the extension of the
principle to other polyhedral systems. In this last regard,
preliminary experiments suggest that the twelve-vertex [1-Ph-
closo-CB11H11]2 anion can be similarly polyarylated, and that
the product exhibits similar cation-sequestration properties; we
would hope to be able to report on this more fully in due
course.
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ter) +49.2; d(31P) +30.0. Mass spec. data (electrospray): m/z for
[Pd2I2{P(C6H4-4-Me)3}4]2+ 841.1 and for anion 4 682.3 (maximum
intensity peak in molecular ion isotopomer envelope).
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were flat; Methods and programs were standard (Z. Otwinowski and W.
Minor, Methods Enzymol., 1997, 276, 307; COLLECT, Data Collection
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in CIF or other electronic format.
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Fig. 3 Two perspectives to illustrate the detail of the interaction of the aryl
arms of the monoanions 4 (green) with those of the dication 5 (blue). The
left-hand diagram shows how the aryl groups intimately intermesh, and the
right-hand diagram how an anionic units enwraps the central cation with its
four ‘tetrapus’ arms.
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