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Electrostatic interaction is often employed as an important 7 L
attractive force both in biological and in artificial molecular T'; \LN«, 1.
recognitiont While the interaction between oppositely charged N:)L, J{
molecules is attractive, that between identically charged ones is of a 4

course repulsive. Therefore, a cationic (anionic) host shows a very
poor ability to bind a cationic (anionic) guest even if their shapes ®
are well compatible with each other. Contrary to such a general 1
understanding, we have found an unprecedented —gomsst © J -
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interaction where a cationic host accommodates a cationic guest
despite the 24 charge of the host framework.

The cationic host discussed here is tetrahedral coordination cage{c
124+ with My,Lg stoichiometry where M and L denote (enyPd
coordination block (Pd) and 1,4-bis(3,5-pyrimidyl)benzen)(
respectively (eq 13.This cage complex was designed by extending i 1. Monitoring of the inclusion oft* into tetrahedral caq** b

: ; : _ igure 1. Monitoring of the inclusion of* into tetrahedral cag Y
h_ypothgtlcal metallacallx[S]arene stru_ctl.ﬁse(eq_ 2) into a three it NMR (500 MHz, acetonek, 25 °C): (a) Empty tetrahedral cag@®*.
dimensional linkage. Molecular modeling predicted that the angles 1)y complex1-425* after 5 h at 25°C (v, encapsulated: O, free 4*).
between the gaxes of two pyrimidine rings are roughly 0We This spectrum was obtained by adding 2 equivté®Tf and 8 equiv of
therefore expected that this unit would occupy every corner of a NaBF; because BF is found to be important for the complexation as is
tetrahedron by bridging two pyrimidy! rings with a rigid phenylene ~ discussed later in the text. (c) Pure inclusion complex?s* after

H tth If bl tetrahedror24+ purification by precipitation with hexanev( encapsulated*). Note that
spacer. e_re, vye IjepOI’ e_se_ -assembly efiMtetrahedro minor peaks a¥ 7.6 and 10.7 involved in the spectrum of emg##+
as well as its binding of cationic guests. We show that the unusual gisappeared, suggesting tHat?>" is more stable than empt?4+.
cation—cation hostguest chemistry is described by a unique
onionlike shell structure of the hesguest complex where two

cationic spheres are mediated by an anionic sphere of a counteranion! the qroma‘_uc region (F|g_ure 1a),_ indicating that the product is
assemblye! placed in a highly symmetrical environment. CSI-MS (cold-spray

ionization mass spectroscofy) of the solution revealed the
formation of an MjLs assembly. Considering the symmetry and
the stoichiometry, we assigned the product as tetrahedral cage
complex 1-24(OTf). Addition of hexane to the acetone solution
resulted in the formation of a white precipitate, which was recovered
by centrifugation, washed with hexane, and dried under vacuum
to give 1-24(OTf) in 85% yield.
During host-guest experiments using a variety of small organic
guests, we unexpectedly found that a cationic guest,,;NB4I),
is efficiently accommodated by ho#t*" despite its 24- charge’
Thus, the addition of 8 equiv of NBBF, to an acetone solution
F‘é« Pd\(Pld of 124" resulted in the quantitative inclusion 4f inside the cavity
3 N(;N . 3Pd —= /\Nm I = @U N @ of 124%, The inclusion complei-425+ was clearly observed by
J 4 & NMR spectroscopy, which displayed a new highly upfield-shifted
s cagl’ set of signals ford™ with a 1:1 hostguest ratio (Figure 1B).
(Pypometca) Addition of hexane precipitated-425t complex in a pure form
) ) ) . ) . (Figure 1c). 2D-NMR spectroscopy of the inclusion complex
ngand 2, obta_uned in a good yield using Suzu}Mlyau_ra_ showed a clear NOESY correlation between the B{2nd C(4H;
coupling of 1,4-d|bromobeqzene and the corre.spondlng pyrimidyl- of the butyl group and the phenylene protonpindicating that
borola_ne? was S“Sp‘?”dEd in-an _acetone solution of (en)Pd(OTf) the ammonium nitrogen is localized in the center of the tetrahedron
(2 equiv), and the mixture was stirredrf® h atroom temperature. 124 with alkyl chains pointing out through the four triangular
The resulting clear solution was analyzed by NMR which clearly windows of the cage.
evidenced the predominant formatior 40%) of a well-defined The X-ray crystallographic analy8if inclusion complext-425

*The University of Tokyo, CREST provided not only structural evidence for the complex but also an
* Chiba University. excellent interpretation for the unusual catigzation complex-
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assembly. ThéH NMR spectrum displayed a set of three signals
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Figure 2. (a) The X-ray crystal structure of assemth4-4BF2'". The

external counteranions as well as the solvent molecules and hydrogen have

been removed for clarity. (b) 2D schematic representation of the onionlike
structure of thel-4-4BF2" complex.
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Figure 3. Monitoring of the competitive inclusion of NEt (57) and NBu*

(4%) in cage12*t by H NMR (500 MHz, acetonels, 25 °C): (a) Kinetic
formation of thel-525" complex after 1 min at 25C (v, encapsulated™;

O, free 5T and4*). (b) Thermodynamic formation df-425" after 1 week
at 25°C (v, encapsulate8®; O, free 5" and4").

ation. Single crystals were obtained by slow diffusion of hexane
from an acetone solution containing 4 equiv of,Biper cagel?*.

The host-guest complex was revealed, in fact, as a triple-layered
onionlike structure in which an anionic sphere of BRons is
mediated between cationic hd$t and guestt* (Figure 2). Four
BF,~ ions are also accommodated in the cavitylf~ defining a
small sphere of inversed polarity. Within this anionic sphere, NBu

is perfectly recognized. In the crystal structure, we could locate all
four BF,~ ions inside of the cage, while some of the OTibns
located outside suffer from heavy disorder.

The presence of the BF middle layer was strongly suggested
even in solution by°F NMR, which displayed two different BF
signals’ With 8 equiv of BR~, four anions were found inside (being
upfield shifted), while four were outside (being normal). No
encapsulation of the ammonium ion could be observed in the
absence of BF, indicating a clear role of the anion in the
encapsulation process. Very interestingly, the inclusion of BF
ions was not observed in the absence4of These observations
show that the triple-layered onionlike structure is essential for
accommodating not only NBt but also B~ ions in the cavity.
While NMes™ was also encapsulated, its neutral analogue, tetra-
methylsilane, was not effective for the formation of the complex.

It is noteworthy that the alkyl side chains also take an important
role in stabilizing the whole. Cationic guests such as,N&nd
alkali metal ions (Na, K*), whose dimensions nicely match those

in the anionic sphere of BF ions, were not encapsulated.
Competition experiments with NEt (57) and 4t showed an
interesting kinetic aspect: whdr and5" are simultaneously mixed
with cage1?**, we first observed the encapsulation®f arising
from a kinetic selection of the smaller guest. However, this small
guest is slowly exchanged by to exclusively give the thermo-
dynamic product after 1 week (Figure 3).

In summary, we presented the inclusion of a cationic guest inside
the highly positively charged host through the formation of an
anionic sphere of counterions in the middle. This exceptionaHhost
guest behavior would lead to a new type of pairwise selective
sensing where a host recognizes two different species only if they
coexist.
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