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A new 3-fold symmetric molecular host, tris(isonicotinoyl)cyclo-
triguaiacylene, has been synthesized from cyclotriguaiacylene and
isonicotinoyl chloride hydrochloride in 70% yield. Its crystal structure
shows dimerization of the host molecules into a capsule-like
arrangement. When reacted with Ag[Co(C2B9H11)2], the host forms
a 1-D [ML2]n coordination polymer, which assembles into a 2-D
interwoven network through a similar dimerization of the host
moieties around acetonitrile guests. Thus, the network structure
represents an elegant example whereby the solid state structure
of the building blocks is echoed in the resulting supramolecular
assembly. The 2-D sheets are further stabilized by π‚‚‚π stacking
interactions between pyridyl donors of alternate 1-D coordination
polymers.

Host-guest or inclusion chemistry, where the two, or
more, molecules form a noncovalently bound complex,
continues to receive wide attention in the chemical sciences.1

Correspondingly, the synthesis of coordination polymers or
metal-organic frameworks has seen a dramatic increase in
study over the past decade.2 Central to this study is the
challenge of incorporating the conformation and spatial
organization of the donor atoms in a ligand precursor (the
encoded information) into the resulting coordination polymer.
The unification of these two diverse fields of supramolecular
science by employing molecular hosts as building blocks for
the construction of coordination polymers has received more
limited attention3 and is the focus of our current research.
The incorporation of molecular hosts introduces a number
of aspects not necessarily achievable with conventional
ligands, such as multiple inclusion behaviors, unusual ligand
topologies, and employment of host-guest interactions as
supramolecular synthons.

The molecular host, cyclotriveratrylene (CTV,1), is a rigid
bowl-shaped molecule that, while being a poor host to small
organic molecules, has been shown to bind large molecules
such aso-carborane, fullerenes,4 and organometallic com-
plexes5 within its molecular cavity. Two- and three-
dimensional crystal-engineered materials have been prepared
using the dimethoxy functionality of CTV as either a
hydrogen bond donor6 or as a ligand for alkali metals.4,7

However, despite being able to construct 2-D and 3-D
networks of CTV incorporating specific host-guest interac-
tions, the resulting materials are not of a sufficiently
predictable nor robust nature to be suitable for many of the
proposed applications of coordination networks.2 Thus,
herein, as part of a study of ligand functionalized derivatives
of CTV,8 we describe the synthesis of a threefold symmetric
trisubstituted derivative, tris(isonicotinoyl)cyclotriguaiacylene
(3), where, by incorporating nitrogen-containing heterocyclic
donor groups, we have simultaneously extended the molec-
ular cavity and improved the transition metal binding
properties of the parent compound. There are a small number
of previous examples of attaching pyridyl or bipyridyl
functionality to the CTV framework.9 In this Communication,
we report that, on reaction of the new derivative3 with silver
cobalt(III) bis(dicarbollide), a 1-D [ML2]n coordination
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polymer was formed that, in the crystal structure, packs to
form an interwoven 2-D sheet. This infinite 2-D sheet is held
together by dimeric host-guest interactions between coor-
dinated molecules of the ligand, which echo the packing
observed in the crystal structure of3, and π‚‚‚π stacking
between pendant (not involved in coordination) pyridyl
groups of alternate [ML2]n polymer chains. While there have
been a handful of CTV-based metal complexes reported,9a,b,10

this is the first example of a transition metal coordination
polymer utilizing such ligands.

Ligand 3 was prepared by reaction of the trihydroxy
derivative of CTV, cyclotriguaiacylene (CTG,2),11 with
isonicotinoyl chloride hydrochloride (Scheme 1). Compound
3 was isolated as a racemic mixture in 70% yield and
characterized by a combination of NMR spectroscopy, mass
spectrometry, and elemental analysis. Small colorless crystals
of 3, suitable for X-ray crystallography,12 were obtained by
vapor diffusion of hexane into a dichloromethane solution
of 3. Compound3 crystallizes in the trigonal space group
R3hc with one-third of a molecule of3 in the asymmetric
unit. The compound has the anticipated bowl-shaped con-
formation with the isonicotinoyl groups orthogonal to the
central CTG core. These pyridyl donors are ideally placed
to coordinate to three transition metal centers in subsequent
complexes, and3 displays an enlarged molecular cavity.

In the crystal structure,3 forms a face-to-face dimeric
capsule-like assembly (Figure 1) which is stabilized by very
weakπ‚‚‚π stacking interactions between the pyridine rings
at slightly longer distances than usually seen for interactions

between nitrogen-containing ligands (centroid separation
4.21(1) Å).13 More significantly, although not well defined,
residual electron density within the molecular cavity of the
capsule-like assembly suggests the dimers are stabilized by
host-guest interactions. Unfortunately, this diffuse residual
electron density within the cavity could not be sensibly
modeled in the final structure. Furthermore, the dimeric
capsule may be the favored packing arrangement as the self-
hosting behavior observed for other CTV derivatives is
sterically unfavorable due to the orientation of the carbonyl
groups and pyridine rings.

Ligand3 was reacted with various silver salts, which offer
flexible coordination geometries including linear and tetra-
hedral, and could be anticipated to form 3-connected
hexagonal networks or 3,4-connected networks. We were
unable to obtain crystals using common counteranions such
as NO3

-, BF4
-, or PF6

-, and hence we employed the
cobalt(III) bis(dicarbollide) anion, [Co(C2B9H11)2]-, a stable,
weakly coordinating anion, that readily crystallizes with CTV
and its derivatives.6,7 Combining warm acetonitrile solutions
of 3 and Ag[Co(C2B9H11)2] gave a bright yellow solution,
that, following slow evaporation, yielded crystalline yellow
plates. These had the composition, determined by X-ray
crystallography, of [Ag(3)2][Co(C2B9H11)2]‚9(CH3CN) (4).14

Compound4 crystallizes in the triclinic space groupP1h with
one silver atom, two molecules of3, one [Co(C2B9H11)2]-

anion, and nine CH3CN solvent molecules in the asymmetric
unit. The two molecules of3 have distinct conformations,
with one having all carbonyl groups directed into the host
cavity, while the other shows two carbonyl groups likewise
pointing in, but with the third directed outward. The silver
atom has a tetrahedral geometry (Ag-N bond lengths
between 2.233(7) and 2.448(7) Å) and is bound by four
different (two sets of symmetry-related) ligand molecules.
Each molecule of3 acts as a bidentate bridge of two
symmetry-related silver atoms to form a 1-D [ML2]n coor-
dination polymer (Figure 2), which propagates along the
c-axis of the unit cell. The two molecules of3 that bridge
between adjacent symmetry-related silver atoms have op-
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Scheme 1. Synthetic Route to Compound3

Figure 1. Dimeric capsule formed by association of two molecules of3,
with weak face-to-faceπ‚‚‚π stacking interactions between the pyridine
rings indicated. For clarity, hydrogen atoms are not shown.
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posite bowl-up, bowl-down arrangements. Despite its tritopic
nature, one of the pyridyl donors from each ligand does not
coordinate to a Ag(I); hence, the ligand is hypodentate and
does not form the anticipated 3-connected polymer.

The crystal packing reveals that the 1-D coordination
polymers are interwoven through dimeric host-guest as-
sociations between the coordinated molecular host moieties
of adjacent chains andπ‚‚‚π stacking interactions to give
an extended 2-D network (Figure 3). Each molecule of3
forms a head-to-head dimeric capsule-like assembly with a
symmetry-equivalent molecule of3 from an adjacent chain.
Adjacent chains are interlinked due to the bowl-up, bowl-
down arrangement of molecules of host molecules within
the each coordination chain. Two symmetry-related aceto-

nitrile solvent molecules lie within each capsule-like ar-
rangement (Figure 3) with the methyl groups pointing toward
the center of each hydrophobic cavity. This dimeric capsule-
like packing motif is remarkably similar to that observed in
the X-ray crystal structure of3 itself; however, here it is
devoid of weak stabilizingπ‚‚‚π stacking interactions as the
pyridyl rings are orientated in a staggered rather than eclipsed
arrangement. This structure is also noteworthy in that the
host-guest synthon observed for a building block (3) of this
network structure is retained in the final assembly. Within
the 2-D coordination network, the dimeric host-guest
associations are weaker as a consequence of the internaliza-
tion of the majority of the carbonyl groups; in the structure
of 3, the carbonyl groups are all external to the cavity.

Additionally, pendant pyridyl groups from different co-
ordination chains within the 2-D sheet further stabilize the
crystal packing by forming exactly coplanar but longπ‚‚‚π
stacking arrangements (centroid-centroid distances 4.16(1)
and 4.12(1) Å).13 Theseπ‚‚‚π stacking interactions form
between 1-D [ML2]n coordination polymers which are not
directly associated through complementary host-guest as-
sociations. These pendant pyridyl groups from alternate 1-D
[ML 2]n polymer chains are interlocked through the roughly
square cavity formed by an [M2L2] unit of a third interstitial
coordination polymer. Hence, the overall 2-D assembly is
interwoven through a combination of host-guest andπ‚‚‚π
stacking interactions, rather than being simply interlocked.

The overall crystal packing of4 shows additional aceto-
nitrile solvent and [Co(C2B9H11)2]- anions within channels
created by packing of the interwoven 2-D sheets, with some
hydrogen bonding interactions between these moieties
(C-H‚‚‚N distances 2.33-3.01 Å). Thus, we have both
clathrate inclusion and specific host-guest interactions within
this structure. While the anions do not appear to directly
template formation of the interwoven network, their bulky
nature encourages crystallization from solution.

In summary, when the new ligand and host molecule,3,
was reacted with silver(I) cobalt(III) bis(dicarbollide), the
formation of a 1-D [ML2]n coordination polymer was
observed. The association of these polymer chains, through
host-guest synthons andπ‚‚‚π stacking interactions, leads
to an infinite interwoven 2-D sheet topology in the solid state.
This structure represents an elegant example whereby the
solid state structure of one of the building blocks (3) is
echoed in the resulting supramolecular assembly.
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Figure 2. 1-D coordination polymer of complex4. Hydrogen atoms,
anions, and solvate molecules are omitted for clarity.

Figure 3. (a) Partial packing diagram from the crystal structure of4,
showing how coordination chains are interwoven into a 2-D sheet structure
by dimerization around guest acetonitrile molecules (space-filling atoms)
andπ‚‚‚π stacking interactions between pendant pyridyl groups. (b) A space
filling version of part a highlighting the interwoven nature of the 2-D
network. Hydrogen atoms have been omitted. Carbon atoms of different
[ML 2]n coordination polymers are shown in different colors.
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