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Pyrrole-2-carboxylate dimer: a robust supramolecular synthon
for crystal engineering
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Abstract—Two pyrrole-2-carboxylates, tris[2-(2-pyrryl-carboxy)ethyl]amine (1) and tetrakis(2-pyrryl-carboxy-methyl)methane (2),
were prepared by the treatment of 2-trichloroacetylpyrrole with tri(2-hydroxylethyl)amine and pentaerythritol, respectively. Hexa-
gonal and grid supramolecular structures were obtained from the self-assembly of 1 and 2, respectively. From the assembly struc-
ture, a novel supramolecular synthon of the pyrrole-2-carbonyl dimer has been found. The synthon was demonstrated to be robust
by our density functional calculation. It is expected to be useful in the self-assembly of crystal engineering.
� 2006 Elsevier Ltd. All rights reserved.
Crystal engineering,1 the design of organic solids, has
emerged as an important cross-disciplinary field of
chemistry. Identification of novel and robust supra-
molecular synthons2 is an important area in this field.
Utilization of these synthons can generate the desired
supramolecular structure and topology which may lead
to new materials that have novel properties.1,2 Pyrrole
based compounds are frequently observed as hosts for
neutral molecules3 and anionic species.4 Meantime,
these compounds can also form higher order self-assem-
bled ensembles in the solid state through hydrogen
bonding.5 Pyrrole-2-carboxylate possesses one hydrogen
bond donor (N–Hpyrrole) and one acceptor (C@O),
which favor the pyrrole-2-carboxylate to form centro-
symmetric dimers with a pair of N–H� � �O hydrogen
bonds (Scheme 1, I). The dimer motif is structurally
similar to classic Watson–Crick nucleotide base-pairs
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Scheme 1.
(Scheme 1).5 The calculated hydrogen bond energy for
the methyl pyrrole-2-carboxylate is 9.4 kcal/mol at the
RHF/6-311+G* level, and its strength is comparable
to the hydrogen bond energy found in typical acid
dimers.6 Furthermore, Sessler7 and co-workers have
reported that some ferrocenes based pyrrole-2-carboxyl-
ate self-assemble into one-dimensional chain via syn-
thon I. Uno et al.8 also found that [2,2,1]bicyclic and
[2,2,2]bicyclic derivatives of pyrrole-2-carboxylate self-
assembles into 1-D ribbons via synthon I. The recur-
rence of the dimer motif I in the crystal of pyrrole-2-car-
boxylate based compounds indicates that it would be a
robust supramolecular synthon in crystal engineering.
However, the use of such synthon to construct supramo-
lecular architecture has not been fully explored. In this
letter, we will show a way to use 2-carbonyl pyrrole
dimer as a supramolecular connecter to construct
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Figure 1. ORTEP view of compound 1 showing 30% probability
displacement ellipsoids with atom numbering.
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hexagonal and grid architecture by changing the
spacers.

The crystal may be considered as a network wherein the
molecules are the nodes, and the supramolecular
synthons are the node connectors.5 In different node
geometry, the same synthon can assemble into various
supramolecular structures. For example, the trimesic
acid on its own forms a hexagonal network,9 whereas
the terephthalic acid only forms infinite chain.10 Com-
pounds 1 and 2 were designed with trigonal and cross
spacers that are intended to generate hexagonal and grid
networks (Scheme 2). As expected, in the crystal struc-
tures of both compounds, the desired networks are
indeed observed.

Compounds 1 and 2 were prepared by the reaction of
2-(trichloroacetyl)pyrrole with tri(2-hydroxylethyl)-
amine and pentaerythritol in the presence of triethylamine
in acetonitrile, respectively.11 Single crystals of 1 and 2
were grown from methanol and chloroform, respectively,
and their structures were determined by X-ray
crystallography.12

The molecular structure of 1 is shown in Figure 1.
Although compound 1 is achiral and possesses C3 sym-
metry, it crystallizes in a trigonal chiral space group P3.
Recently, the generation of chiral crystals from such
achiral molecules has been noticed due to its relevance
in asymmetry synthesis and the design of non-linear
optical materials.13 Each molecule 1 was connected with
three adjacent molecules via synthon I (N� � �O distance
2.904 Å, angle 173.7�) between the 2-carbonyl-pyrrole
moieties in the crystal. Thus, six molecules form a hexa-
gon with a 5 Å cavity by synthon I (Fig. 2) and the struc-
ture of 1 is characterized as a 2-D supramolecular
network. The cavity is about 9.7% of the total volume
of the crystal as calculated using the program PLA-
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Scheme 2. (a) Hexagonal network formed by the self-assembly of 1. (b) Gri
TON.14 The networks stack on but do not eclipse each
other. Consequently, this generates a hexagonal tubular
architecture. It is worthy to note that no guests were
observed in the channels. Sessler and co-workers5 have
reported an amide analog of 1, compound 3, in which
the synthon I was also found, indicating that the dimer
motif I is robust. However, the hydrogen bonds between
amide NHs and carbonyl groups deform the C3 sym-
metry of the compound and perturb it to self-assemble
as compound 1.
d network formed by the self-assembly of 2.



Figure 3. ORTEP view of compound 2 showing 30% probability
displacement ellipsoids with atom numbering.

Figure 2. Hexagonal self-assembly of compound 1 via hydrogen bonds. Left: ORTEP perspective. Right: space-filling view.

Z. Yin, Z. Li / Tetrahedron Letters 47 (2006) 7875–7879 7877
As shown in Figure 3, the structure of 2 has C2 sym-
metry. The four carbonyl groups are all in the same side
Figure 4. Grid self-assembly of 2 via hydrogen bonds (ORTEP and space-fi
of the pyrrole NH, and so the pyrrole-carbonyl dimer
can be formed. Each molecule 2 was connected with
its four adjacent molecules via two type synthon I
[N1–H1� � �O1i, N� � �O distance 2.994 Å, angle 168.6�,
symmetry code: (i) �x + 2, y, �z + 1/2; N2–H2� � �O4ii,
N� � �O distance 2.889 Å, angle 154.9�, symmetry code:
(ii) �x + 1, �y, �z + 1] to form a 2-D structure. If 2
is visualized as a cross, its assembly structure can be
characterized as a grid with the molecule as the node
(Fig. 4). There is no cavity in this structure.

To investigate the thermal stabilities of crystals of 1 and
2, thermogravimetric (TG) experiments were performed.
The TG curves show a consecutive weight loss, up to
95.5% from 280 to 340 �C (peak at 310 �C) for 1, but
to 97.8% from 394 to 500 �C (peak at 474 �C) for 2. This
result indicates that both compounds are indeed ther-
mally stable.

In order to evaluate the strength of synthon I, the
hydrogen bond energy of synthon I observed in crystal
lling view of the structure were drawn in one picture).
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structures 1 and 2 were evaluated using density func-
tional calculations. The 1 monomer, 1 Æ1 dimer, 2 mono-
mer and 2 Æ2 dimer units were cut out as the calculation
models for the assembly structure from the crystals of
compound 1 and compound 2, respectively. At the
B3LYP/6-31G* level, the Mulliken population analysis
has been carried out on the geometries of monomer
and dimer units using the Gaussian 03 program.15 Sta-
bilization energies resulting from hydrogen bonding
interactions between monomers were computed as the
difference in the energy between the dimer and its two
isolated monomers.16 The calculated energy of synthon
I observed in the crystal of 1 is 12.1 kcal/mol, whereas
the energies in the crystal of 2 are 11.3 and 10.6 kcal/
mol, respectively. This is consistent with the calculated
hydrogen bond energy for the methyl pyrrole-2-carb-
oxylate in the literature (9.4 kcal/mol at RHF/6-311+G*

level).6 These results indicate that synthon I formed by
pyrrole-2-carbonyl dimer is robust, and so it can be used
as a supramolecular synthon in crystal engineering.

In conclusion, a novel supramolecular synthon of a
pyrrole-2-carbonyl dimer has been successfully used to
design organic crystals. The hexagonal and grid supra-
molecular self-assemblies were obtained by using appro-
priate spacers. Both experimental and calculated results
demonstrate that the synthon is robust enough to be
useful in crystal engineering. However, probably due
to the small size spacers, both crystals have only small
cavities, which may limit their application. The prepara-
tion of pyrrole-2-carboxylate with larger spacers is un-
der way in our laboratory.
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