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A bifunctional m-terphenyl, 2,6-diphenyl-1,4-dibenzoic acid
(Ph2BDC), was synthesized and used in the preparation of a 2-D
metal−organic coordination polymer. The steric hindrance of the
bulky bifunctional linker forces low coordination at the Lewis-acidic
zinc center. A zinc carboxylate dimer was prepared as a model
compound to examine the unusual tricoordinate geometry at the
metal site.

The design of coordination polymers based on metal-
organic frameworks is an area of intense research. Among
the most extensively studied metal-organic frameworks are
those based on carboxylate ligands. The pioneering research
of Zaworotko and Moulton1,2 and Yaghi and co-workers.3

best illustrates the utility of this synthetic approach in the
preparation of materials with predetermined structures and
properties. The interest, in part, is driven by the desire to
prepare functional 2-D clay-like or 3-D zeolite-like materials
for applications including catalysis and gas sorption.4 Among
the challenges of this work is the lack of porous materials
in which unusually low coordination numbers areenforced

on a metal site, leading to enhanced acidity and molecular
binding at the metal site in the framework solid.5

m-Terphenyls are perhaps the most reliable ligand class
capable of enforcing low coordination numbers at metal sites.
m-Terphenyls are molecules with at least two aryl substit-
uents oriented meta to one another on a phenyl ring. The
substituents twist out of the plane of the central ring, creating
a hydrophobic bowl-shaped pocket. These ligands have been
used to stabilize numerous unusual coordination geometries
around metals within them-terphenyl pocket.6

The steric demands imposed on the metal sites by the
m-terphenyl ligands are such that theypreVent aggregation
but still allow for reactiVity with small reagentsat vacant
coordination sites on the metal. For example,m-terphenyl
carboxylates have been used as metalloprotein mimics
because of their ability to shield a coordinatively unsaturated
metal inside a hydrophobic pocket.7 In the case of metal-
organic frameworks, the placement of the steric bulk directly
adjacent to the carboxylate functionality on them-terphenyl
organic linker, rather than on a “blocker” ligand on the metal
or farther from the functional group on the linker, should
minimize interpenetration of the resulting networks.

Our interest in unusual bonding modes for main group
elements and transition metals has led us to examine the
preparation of such materials. In this report, we have (1)
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prepared a sterically congested model compound to examine
the coordination geometry of a zincm-terphenyl carboxylate,
(2) prepared a bifunctionalm-terphenyl carboxylate ligand,8

and (3) incorporated this bifunctional ligand into a network
solid and determined the structure of the network with
coordinated ethanol at the Lewis acidic metal sites.

The reaction of 2,6-bis-(2,4,6-trimethylphenyl)benzoic
acid,1,9 with diethylzinc in CH2Cl2 results in the formation
of the dimeric complex2. The 1H NMR spectrum shows a
triplet and a quartet at 1.27 and 0.08 ppm, respectively, due
to the ethyl group attached to zinc. The IR spectrum shows
strongν CdO absorptions at 1586 and 1551 cm-1, signifi-
cantly different from the corresponding absorptions in the
free acid1 (1733 and 1704 cm-1).

The structure of2 was confirmed by single-crystal X-ray
diffraction.10 The carboxylate groups bridge two tricoordinate
zinc atoms, forming a puckered eight-membered Zn2O4C2

ring. The metal centers, which are separated by 3.5769(6)
Å, exhibit trigonal planar geometry and no metal-metal
bonding.11 There is apossibleη6 interaction with a flanking
aryl of them-terphenyl (Zn‚‚‚centroid) 3.083, 3.154 Å) as
shown in Figure 1. Both the low coordination number at the
metal and the heterocyclic core are rare.12 The presence of
a still-reactive ethyl group and the unusual coordination
geometry of the zinc center, combined with the proven

versatility of carboxylates, indicated thatm-terphenyls would
be ideal ligands to enforce low coordination numbers in a
coordination polymer based on a metal organic framework.

The bifunctionalm-terphenyl carboxylate 2,6-diphenyl-
1,4-dibenzoic acid (Ph2BDC), 3, was prepared by the
oxidation of 4-methyl-2,6-diphenylbenzoic acid with KMnO4

in water. The1H NMR spectrum of3 shows a very broad
signal at 13.1 ppm due to the hydrogen-bonded OH groups
and two peaks at 167.1 and 170.2 ppm in the13C NMR
spectrum that were assigned to the two carboxyl carbons.
The IR spectrum shows a strongν CdO absorption at 1692
cm-1. X-ray crystallographic studies10 show infinite linear
hydrogen-bonded head-to-head and tail-to-tail chains. The
ortho phenyl groups cause the carboxylate group in the
pocket of them-terphenyl to twist out of the plane of the
central phenyl ring,13 while that in the para position is
coplanar to the central ring.

The reaction of the bifunctional ligand3 with diethylzinc
in either benzene or THF resulted in the formation of an
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Figure 1. Solid-state structure of2 showing 50% probability displacement
ellipsoids. Hydrogen atoms were removed for clarity.

Figure 2. Packing diagram of4 showing a 2× 2 segment of the network.
For clarity, hydrogen atoms and free solvent have been removed.

Figure 3. Schematic diagram (OLEX)14 of 4 showing the network grid.
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amorphous insoluble white powder that was not further
characterized. To obtain a crystalline network, Ph2BDC (3)
was combined with Zn(NO3)2‚6H2O in ethanol in the
presence of triethylamine vapor. Over the course of days,
colorless crystals formed. X-ray crystallographic analysis10

showed the formation of 2-D network,4 (Figure 2). The
rectangular grid measures approximately 10.7× 12.2 Å, with
each edge defined by one doubly deprotonated molecule of
Ph2BDC. The para carboxylate of3 bridges the zinc atoms
to form an eight-membered heterocycle, similar to that seen
2, at the corner of each repeat unit. This is shown schemati-
cally14 in Figure 3. The CdO from the more sterically
hindered carboxylate does not form a bond to the zinc atoms.

In contrast to the dimeric complex2, the zinc atoms in4
are four-coordinate with an ethanol solvent molecule bound
to each zinc atom, consistent with the anticipated Lewis
acidity of low-coordinate zinc. For each zinc atom, there is
also an additional equivalent of solventintercalatedin a clay-
like manner into the space between the 2-D sheets (Figure
4) and held in place by hydrogen bonds to the zinc-
coordinated solvent and the free carboxylate oxygen in the
sterically hinderedm-terphenyl pocket (Figure 5).

To probe the lability of the ethanol, TGA studies were
performed on a crystalline sample of4. There was a two-
step weight loss totaling 20% from 140 to 225°C corre-
sponding to two molecules of ethanol per zinc (19.4%
calculated). No further loss occurred until the framework
decomposed at ca. 350°C. Attempts were made to insert
new guest molecules into the framework and to characterize
the desolvated network, but the results were inconclusive.

By merging the unusual coordination patterns ofm-
terphenyl carboxylates with the chemistry of metal-organic
frameworks, we have developed a useful synthetic method
for the preparation of stable 2-D networks containing low-
coordinate Lewis acidic metal sites with the ability to
intercalate guest molecules between the polymeric layers.
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Figure 4. Intercalation of solvent molecules in4. For clarity, only the
ipso C’s of the phenyl groups are shown.

Figure 5. Hydrogen bonding of solvent molecules in4. For clarity, only
the ipso C’s of the phenyl groups are shown.
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