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Metal–arene complexes with suitable substituents on the
p-bound arene represent a new class of organometallic building
blocks for use in supramolecular chemistry. They provide a con-
ceptually versatile avenue for construction of discrete
assemblies and extended arrays, as is illustrated by the exam-
ples presented in which assembly occurs via hydrogen-bonded
connections between carboxyl substituents.

Harmonizing in a supramolecular network the functionality of
organic compounds with the versatility of transition metals is
a current challenge in the Ðeld of supramolecular chemistry
and crystal engineering.1 In addition to the possibility of
introducing electrochemical, magnetic, or optical properties,
the presence of metal atoms can contribute structural elements
(e.g., various co-ordination geometries) to the supramolecular

¤ Supplementary material available : synthesis of 1 and molecular
structures and packing diagrams of 1 and For direct elec-2 Æ nBu2O.
tronic access see http ://www.rsc.org/suppdata/nj/1999/461/, otherwise
available from BLDSC (No. SUP 57514, 9 pp.) or the RSC Library.
See Instructions for Authors, 1999, Issue 1 (http ://www.rsc.org/njc).

assembly that may facilitate the design of functional
materials.2 The fruitful combination of organic and metal
components is nicely illustrated by the class of materials
known as co-ordination polymers, in which the metal co-
ordination environment is propagated into an inÐnite 1D, 2D
or 3D framework by using a multitopic organic ligand [see
Scheme 1(a) for a linear 1D example].3 Recently, reports
describing a strategy of combining hydrogen-bonded supra-
molecular assemblies common in organic systems [Scheme
1(b)] with the orienting ability of well-known metal co-
ordination geometries to construct molecular arrays [Scheme
1(c)] have appeared.4 The two general cases illustrated in
Scheme 1(a) and 1(c) involve a metal center acting as an
““active ÏÏ component (combined with an organic connector) in
the construction of the assembly.

Here we describe a strategy applicable, in principle, to the
construction of either inÐnite or Ðnite supramolecular
assemblies that uses a new class of organometallic building
block. The approach is based on the modiÐcation of arene-
containing organic building blocks, of the types represented in
Scheme 1(a)È(c), by their p-co-ordination to a metalÈligand

Scheme 1 Schematic representation of supramolecular assembly involving (a) multitopic organic compounds linked via co-ordinative bonds to
(transition) metals, (b) organic compounds linked by hydrogen bonding (or other intermolecular bonding synthon), (c) an approach combining
features of (a) and (b), (d) a new approach combining metalÈligand p-bonding with intermolecular bonding supramolecular synthons of (a)
(illustrated in the present work using hydrogen bonding), and (e) a proposed new approach combining metalÈligand p-bonding with the co-
ordinative bonded linkages of (b).
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Fig. 1 Dimeric arrangement of molecules in the crystal structure of 1
(shown with 50% probability ellipsoids). Selected intramolecular dis-
tances carboxyl C1ÈO1 1.289(4), C1ÈO2 1.245(4).(A� ) :

molecular fragment The resulting organometallic com-(ML
n
).

plexes should, in principle, preserve the fundamental capacity
for supramolecular assembly derived from the original organic
component. In this sense the metal fragment can play a more
““passive ÏÏ role in the assembly process, while still serving a
vital role in establishing the properties of the Ðnal material.5
One may envisage the p-bound moiety as a potentiallyML

nfunctional metal-containing appendage to an otherwise
organic assembly.

A convenient route to many new networks or to discrete
molecular arrays based upon such organometallic building
blocks is envisaged. Assembly could occur via hydrogen bonds
[Scheme 1(d)], co-ordination bonds [Scheme 1(e)] or other
supramolecular synthons,6 depending on the choice of p-co-
ordinated organic ligand. Although there has been recent
attention focused on the area of organometallic crystal engin-
eering,7 the overall design strategy proposed above has not
previously been fully articulated in the literature.8 The feasi-
bility of this approach is illustrated here with organometallic
derivatives of benzenecarboxylic acids assembled via hydrogen
bonds.

It is well established that polycarboxylic acids can form
extended architectures sustained by hydrogen-bonded
carboxylic acid dimers.9 Benzene-1,3,5-tricarboxylic acid
(trimesic acid, TMA), for instance, forms honeycomb net-
works using all three acid residues or extended zigzag

hydrogen-bonded ribbons using the acid groups in the
1,3-positions.10 Here the crystal structures” of the
complexes [Cr(g6- 1 and [CrMg6-C6H5CO2H)(CO)3] are reported. TheC6H3(CO2H)3N(CO)3] Æ nBu2O, 2 Æ nBu2Olatter forms an extended organometallic supramolecular
arrangement sustained by hydrogen-bonded carboxylic acid
dimer motifs, whereas 1 utilizes the same synthon to form dis-
crete dimeric species.

Compound 1 was prepared° using a literature procedure.11
The dimeric units in the crystal structure exhibit a coplanar
arrangement of the arene rings and the hydrogen-bonded car-
boxyl groups (Fig. 1). The moieties adopt an antiCr(CO)3conÐguration. The importance of this structure from a crystal
engineering standpoint is that it represents the simplest case
for which the strategy can be tested (i.e. one carboxyl group
on the arene and no other substituents). Thus, 1 may be seen
as a zero-dimensional network model that allows examination
of the supramolecular parameters of a potential family of
[M(g6- building blocks. In this regardC6H6~x

)(CO2H)
x
NML

n
]

it should be noted that the carboxylic acid dimer is also
formed in the crystal structure of benzoic acid,12 and shows a
very similar geometry [intermolecular OÉ É ÉO distance 2.627(1)
at 295 K vs. 2.617(3) in 1 at 208 K]. The dimeric unit in 1 isA�
further propagated in three dimensions via stacking between
arene groups and through multiple CÈHÉ É ÉO hydrogen bonds
(see SUP 57514).

Complex 2 was obtained° by direct reaction between
and TMA in The crystal structure ofCr(CO)6 THFÈnBu2O.
contains two independent formula units. The2 Æ nBu2Oorganometallic components form extended zigzag ribbons

connected via hydrogen bonding between the carboxyl groups
in the 1- and 3-positions [O132É É ÉO253 2.607(9),
O133É É ÉO252 2.625(9), O153É É ÉO232 2.624(10), O152É É ÉO233
2.619(9) The third carboxyl group anchors a dibutyl etherA� ].
molecule through an hydrogen bond [Fig. 2 ;OÈHÉ É ÉOBu2O172É É ÉO105 2.692(11), O272É É ÉO205 2.580(11) for the twoA�
independent acidÈether pairs]. Such a ribbon, while common
in isophthalic acid and its derivatives,13 is less common for
TMA,14 and has not previously been observed in an
organometallic p-arene system.15 At Ðrst, it may seem sur-
prising that the honeycomb network of the parent TMA was
not observed for 2. However, it should be recognized that
such an arrangement has only been observed either for

Fig. 2 Structure of illustrating the hydrogen-bonded zigzag ribbons of 2 and the anchoring of the molecules in the solvent2 Æ nBu2O Bu2Ochannel. Chromium and oxygen atoms are shaded. Selected intramolecular distances carboxyl C131ÈO132 1.304(12), C131ÈO133 1.220(12),(A� ) :
C151ÈO152 1.270(13), C151ÈO153 1.221(12), C171ÈO172 1.331(12), C171ÈO173 1.202(12), C231ÈO232 1.261(12), C231ÈO233 1.268(12), C251È
O252 1.292(13), C251ÈO253 1.226(12), C271ÈO272 1.337(13), C271ÈO273 1.217(13).
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unsolvated TMA, which adopts a concatenated structure to
Ðll the voids in the hydrogen bonded rings, or for structures in
which typically long-chain solvents thread short channels of
stacked TMA honeycomb sheets.10

As in 1, the hydrogen-bonded carboxyl groups and arene
rings are mutually co-planar. However, in adjacent2 Æ nBu2Omoieties adopt a syn disposition,15a indicating theCr(CO)3absence of steric impediment to such an arrangement. The
tethered ether molecules form well-ordered solvent channels
between the ribbons of 2. The stacking arrangement of adja-
cent ribbons, and formation of carbonyl-containing bilayers
into which the ether molecules are partially intercalated, is
illustrated in SUP 57514.

A strategy for supramolecular assembly using a new class of
organometallic building blocks has been described. This
approach elaborates upon existing approaches that use arene-
containing units connected via intermolecular interactions (e.g.
hydrogen bonds) or via co-ordinative bonds to metals. The
elaboration is in the form of p-co-ordination of the arenes to
an moiety. Illustrative examples are presented.ML

nCurrently the formation of both Ðnite and extended
organometallic networks based upon substituted arenes com-
bined with a variety of p-bound moieties is beingML

nexplored.
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