COMMUNICATION

ChemComm
www.rsc.org/chemcomm

Smith and Hans-Conrad zur Loye*

DOI: 10.1039/b303708h

Self-assembly of Hgl, with a semirigid ditopic ‘Z’ type
ligand affords the zigzag chains that interweave into a
clothlike 2D network in a ‘two-over/two-under’ (20/2U)
fashion.

The study of metal—organic coordination polymers is of great
current interest not only for their potential applications as
functional solid state materials, but also for their intrinsic
aesthetic appeal .1 Great effort has been expended to explore the
structural diversity and fascinating topologies of these materials
which sometimes are analogs of naturally occurring structures
and other times represent entirely new structural architectures.2
One intriguing phenomenon contributing to the structural
diversity is the occurrence of interpenetrating polymeric
networks. Particularly interesting isthe concept of ‘dimensional
expansion’ as it relates to interpenetration: 1P polymeric assem-
blies of lower dimensionality can interpenetrate and thereby
generate an architecture of an overall higher dimensionality. For
example, a frequent occurrence is the 2D — 3D dimensional
expansion where many 3D networks have resulted from an
inclined interpenetration3 or, in rare cases, by means of a
paralel interpenetration4 of 2D assemblies.

Entanglement of 1D coordination polymers can also result in
a dimensiona increase. The best-known examples are 1D
ladder networks which, similar to 2D — 3D transformation,
may generate 2D networks via 1D — 2D paralld inter-
penetration> or 3D networks via 1D — 3D inclined inter-
penetration.6 We previously reported that a terraced stack of
coordination polymer ladders with 1/2 offset can be inter-
penetrated by 1D coordination polymer chainsto result in a 3D
architecture.” However, dimensional expansion based on only
single chain structuresis still uncommon. Despite the discovery
of a 2D polyrotaxane network threaded by chains containing
both rod-like and ring-like components® woven networks
remain rare. Woven networks, however, represent an opportu-
nity for achieving a 1D — 2D dimensiona expansion via
interweaving of chains rather than via structural interpenetra-
tion. Ciani and co-workers have described a ‘warp-and-woof’
sheet which represents the first ‘ one-over/one-under’ (10/1U)
interwoven network of 1D coordination polymer strands.® Here
we report a 20/2U interwoven network generated from Hg-
containing, zigzag coordination polymer chains.
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The ditopic ligand L,2© 26-bis(4-pyridinylmethyl)-

benzo[1,2-c:4,5-c'|dipyrrole-1,3,5,7(2H,6H)-tetrone, containsa

T Electronic supplementary information (ESI) available: One figure
showing packing of the interwoven layersin the structure viewed along the
b direction. See http://www.rsc.org/suppdata/cc/b3/b303708h/
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long rigid spacer of three fused rings and two freely-rotating
pyridyl arms. It may take on either a cis-conformation to act as
a ‘U’ type ligand or atrans-conformation to act asa ‘Z’ type
ligand. Reaction of L with Hgl, in a DMFMeOH mixture
resulted in the complex 1,8 catena-poly[Hgl (L )], where single
crystals suitable for X-ray diffraction grew on the wall of the
tube containing the reaction mixture.

AsshowninFig. 1, each ligand coordinatesto two Hg(i1) ions
and each Hg(i1) ion is coordinated by two L to generate a 1D
zigzag chain. The Hg(n) is in a distorted tetrahedral geometry
with its coordination sphere completed by two |— anions. The
two Hg-l distances are virtualy equivalent, as are the two Hg—
N bond distances. The N-Hg—N angle is dramatically smaller
than the I-Hg—l angle, which helps effect the ‘weave pattern’
(videinfra). The two ligands coordinated to the same Hg(i1) ion
are crystallographically independent, and each possesses a
crystallographic inversion center that issituated in the middle of
the central benzene ring. As aresult, both adopt a distorted ‘Z’
conformation.

The unusual feature of this material isthe zigzag chains of 1
running in perpendicular directions, [1 2 —1] and [1 —2 —1],
which enables them to interweave in a 20/2U fashion to create
the cloth-like sheet structure shownin Fig. 2. At each Hg(n) ion,

Fig. 1 Molecular structure of 1 showing coordination geometry of Hg(i1)
ion. H-N(3) 2.417(4), Hg—N(1) 2.442, Hg-(2) 2.6471(4), Hg-(1)
2.6618(4) A, N(3)-Hg-N(1) 87.28(13), 1(2)-Hg (1) 146.795(14)°.

Fig. 2 20/2U interwoven 2-D network in 1. The independent chains are
distinguished by different colors. lodine atoms are omitted for clarity.
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the two coordinated arms of the ligands pass either both above
or both below two other perpendicular 1D chains. A change in
orientation from over to under (or vice versa) occurs along the
length of these ligands as the two arms of a single ligand point
in opposite directions. The most notable feature of this
supramolecular entanglement is that each chain is chemically
independent but physically interwoven with the perpendicular
chains. Thus, in striking contrast with the archetypical inter-
penetrated network, breaking of chemical bondsis not required
to take apart this network structure.

To date, the only interwoven coordination networks that have
been discovered ae the complexes {[Ag(L?)(u-
PO,F2)05](PFe)ostn, (L2 = 1-(isocyanidomethyl)-1H-benzo-
triazole)1! and [(Auly,)2(u-bis(diphenylphosphino)hexane)],,12
which form 2D sheets with a 10/1U weave pattern. Moreover,
intheformer case, the interwoven chains are actually connected
by the coordinating PO,F,— anion, while in the latter case, the
infinite chain structure was formed only via weak aurophilic
Au---Au contacts (3.124(2) A). The only true 10/1U 2D weave
network assembled from independent 1D coordination polymer
chains is the complex {[Cu(2,2’-bipy)(azpy)(H-O)](NO-
3)(H20)} »® which also contains a zigzag chain composed of a
[Cu(2,2"-bipy)]2*+ core unit with attached rigid, rod-like azpy
ligands.

The topological difference between the 10/1U and the
present 20/2U weave structure is illustrated in Scheme 1. The
former has an ABAB sequence, with two perpendicular sets of
two parallel chains as the repeating unit, while the latter has an
ABCDABCD sequence, which requires two perpendicular sets
of four parallel chainsin the repeating unit.

Both rod-likeand ‘Z’ typeligands, among others, can be used
to form weave structures, asillustrated in Scheme 2. The zigzag
chain formed from rod-like bridging ligands can lead toasimple
10/1U weave, or potentially a 20/2U weave for longer ligands.
By comparison, the basic weave structure generated from the
‘Z' type ligand depends on the local site symmetry of the
connectivity between adjacent metal ions. inversion center
symmetry results in a weave similar to that obtained from the
rod-like ligand, while two-fold (or mirror) symmetry, leads to
the formation of, at least, the 20/2U weave structure. More
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Scheme 1 Schematic representation of 10/1U (left) and 20/2U (right)
clothlike interwoven sheets.
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Scheme 2 Schematic of potential weave types utilizing rodlike, ‘U’ type,

and ‘Z’ type ligands. Red shaded circles represent the perpendicularly
running chains and the blue lines represent the ligands.

complicated interwoven networks are possible for both of these
cases, but will depend largely on factors such as the overall
length of the ligand, the arm-to-spacer length ratio and the
width-to-length ratio of the chain unit. In the present case
several factors may have contributed to the formation of the 20/
2U weave structure, including the fact that tetrahedral Hgl,N»
coordination geometry only allows two-fold symmetry, the fact
that the small N-Hg—N angle and the short pyridyl arms limit
where achain can fit, and finally the trans orientation of the two
pyridyl rings.

In summary, we have isolated what we believe to be thefirst
20/2U interwoven 2D network assembled from 1D coordina-
tion polymer chains. In contrast to the well known dimensional
expansion caused by the interpenetration of 1D ladders>6 and
ring-containing chains,8 interwoven networks represent another
important approach to fabricate multiple-dimensional supramo-
lecular entanglements based on only chain structures. In
addition to the weave structure described herein, there are other
documented entanglements of 1D chainsin three dimensions.13
Considering the very large number of potential knit topologies,
we expect that more and more chain based supramolecular
entanglements will be discovered in the foreseeable future,
thereby further increasing the vast structural diversity found for
coordination polymers.
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Notes and references

§ Preparation of 1: A solution of L (6 mg, 0.015 mmol) in 10 mL DMF was
slowly mixed with a solution of Hgl, (6.8 mg, 0.015 mmol) in5 mL MeOH.
The resulting mixture was left standing for several days to give a colorless
crystalline product. Yield: 60%. tH NMR (DM SO-de): 6 8.506 (dd, pyH2),
8.282 (s, benzeneH), 7.349 (dd, pyH3), 4.857 (s, CH,). TGA: weight loss
starting at 190 °C indicates sample decomposition.

T Crystal data for 1. Hgl,CxoH14N4O4, M = 852.76, Monoclinic, space
group P2y/n, a = 11.6675(7), b = 12.2256(7), ¢ = 17.4437(10) A, 8 =
103.510(1)°, U = 2419.4(2) A3, T = 150 K, Z = 4, 4961 independent
reflections measured, final R1 = 0.0296 and wR2 = 0.0599. CCDC
reference  number 207401. See http://www.rsc.org/suppdata/cc/b3/
b303708h/ for crystallographic datain .cif or other electronic format.
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