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Abstract: Dative boron–nitrogen bonds were found to be a useful binding motif in structural supramolecular
chemistry. Crystalline cages were formed using a diboronate ester and 2,4,6-tri(4-pyridyl)-1,3,5-triazine. These
cages can act as hosts for electron-rich planar aromatic systems such as triphenylene. Further, crystalline
two-dimensional polymers were formed via dative B–N bonds between a triboronic ester and a ditopic pyridyl
ligand. Use of an extended triboronate ester resulted in formation of a gel in toluene with a minimum gelation
concentration of 0.5 wt%.
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Introduction

Boronate esters are formed via conden-
sation reactions of boronic acids with 1,2-
and 1,3-diols. Molecular nanostructures
as well as materials can be accessed by
combining polyboronic acids with poly-
alcohols. For example, molecular cages
have been obtained by condensation of a
cavitand-type tetraboronic acid with a di-
catechol linker,[1] or by condensation of tri-
boronic acids with tetra-[2] and hexaols.[3]
Further, a one-dimensional polymer was
synthesized by condensation of a dibo-
ronic acid with a tetraol.[4] Two- and three-
dimensional polymers with interesting gas
storage properties were formed by con-
densation of tri- or tetraboronic acids with
hexahydroxytriphenylene.[5,6]

As Lewis-acidic compounds, boronate
esters can form adducts with N-donor li-
gands (Scheme 1).[7] The formation of this
dative boron–nitrogen bond results in a
structural change at the boron atom from
trigonal-planar to tetrahedral. Dative bonds

between boronate esters and N-donors
have been used in the context of carbo-
hydrate sensing,[8,9] but their utilization in
structural supramolecular chemistry is less
documented.[10,11] Below we show that da-
tive B–N bonds can be employed to con-
struct molecular cages[12] and polymeric
networks.[13]

Results and Discussion

2,4,6-Tri(4-pyridyl)-1,3,5-triazine (tpt)
has been widely used as tritopic ligand in
supramolecular coordination chemistry.[14]
We have chosen to combine tpt with a
diboronate ester for the formation of a
molecular cage. The latter was prepared
by condensation of 1,4-benzenediboronic
acid with 4,5-dichlorocatechol. The reac-

tion of two equivalents of tpt with three
equivalents of the diboronate ester resulted
in the formation of the trigonal prismatic
cage 1 (Scheme 2).[12] Cage 1 displays
very poor solubility, which hampered a
solution-based characterization. However,
it could be crystallized by dissolving it in
hot dichlorobenzene (bp ≈ 180 °C) fol-
lowed by slow cooling. Presumably, the
high temperature induces a rupture of the
dative B–N bonds, which are reformed up-
on cooling. This assumption is supported
by the fact that the cage is orange in color,
but dissolves in hot 1,2-dichlorobenzene to
produce a nearly colorless solution.

Cage 1 features coplanar tpt ligands at
a distance of approximately 7 Å (Fig. 1a).
When crystallized in the presence of triphe-
nylene, we obtained a host–guest complex
in which one triphenylene molecule was

Scheme 2. Synthesis
of cage 1.

Scheme 1. Boron-
nitrogen dative bond
formation between
a dioxaborole and a
pyridyl ligand.
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sandwiched between the tpt ligands (Fig.
1b). Coronene could be encapsulated in a
similar fashion. Crystallization of a larger
cage 2, which incorporated a biphenylene
boronate ester, proved difficult. However,
when crystallized in the presence of tri-
phenylene, cage formation was templated
to give assembly 2 with two encapsulated
triphenylene molecules (Fig. 1c).

Using a similar methodology, but al-
tering the building blocks, crystalline and
soft networks could be accessed.[13] For
the formation of crystalline networks, a
triboronate ester was synthesized by con-
densation of a triboronic acid with 4-tert-
butylcatechol. Further reaction with either
4,4’-bipyridine or 1,2-di(4-pyridyl)ethyl-
ene resulted in the formation of the two-
dimensional networks 3 and 4 (Scheme 3).

The networks could be crystallized
from hot toluene; as in the case of the cag-
es, we assume that the dative B–N bonds
are broken in solution. Single crystal X-ray
analyses showed that 3 and 4 form two-
dimensional networks in which the tribo-
ronate esters are connected via the bipyri-
dyl linkers. The polymer layers of 3 and 4
show an (A-B-C)

n
repeat pattern in which

there is no cantenation of adjacent layers
although they are tightly interwoven. The
crystals contain pores which are filled with
solvent molecules. Thermogravimetric
analyses revealed that the solvent can be
removed under vacuum. However, due to
the weak nature of the B–N bond, crys-
tallinity was lost upon solvent removal.
Therefore, the structures do not exhibit
permanent porosity.

The synthesis of a gel was accom-
plished using a similar synthetic route as
for the crystalline networks, but employing
an extended triboronic acid derived from
1,3,5-tris(4’-bromobiphenyl)benzene.[15]
Gelation occurred when the triboronic acid

was mixed in toluene with 4-tert-butylcat-
echol in the presence of 4,4’-bipyridine.
Gel formation was possible with as little as
0.5 wt% of the components. The gel forms
at room temperature and becomes a clear
liquid upon heating due to the breakage
of the dative B–N bonds. A gelation tem-
perature of 60 °C was determined by both
NMR and UV/Vis spectroscopy. Imaging
of the xerogel (obtained from toluene) by
scanning electron microscopy showed a
network of entangled nanofibers with di-
ameters of less than 40 nm.

The results summarized above demon-
strate that dative B–N bonds can be used
for the formation of molecularly defined
nanostructures and materials. A major
drawback to these systems however, is
their limited stability in solution due to the
weak B–N interactions. Recently, we have
performed a systematic study to evaluate
the binding of boronate esters to pyridyl li-
gands froma thermodynamic point of view.
This study revealed that electronic effects
allow strengthening of the B–N bond sub-
stantially. Using electron-poor boronate
esters in combination with highly Lewis-
basic pyridyl ligands we were able to
achieve B–N binding constants of 106 M–1

or higher.[16] These results suggest that it
should be possible to construct main-chain
supramolecular polymer based on dative
B–N bonds. Current efforts in our labora-
tory aim to verify this hypothesis.
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Fig. 1. Molecular
structure of cage 1
(a), 1 with triphenyl-
ene encapsulated (b)
and 2 with two tri-
phenylene molecules
encapsulated (c),
determined by single
crystal X-ray diffrac-
tion.

Scheme 3. Synthesis
of two-dimensional
networks 3 and 4.


