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Abstract—A novel organic assembly, formed between 3,5-dinitro-4-methylbenzoic acid and trans-1,2-bis(4-pyridyl)ethene under
hydrothermal conditions in the presence of Pr(III) and a layered structure obtained by direct co-crystallization of the reactants
at ambient conditions is reported. The structures of the complexes were established, unambiguously, by single crystal X-ray diffrac-
tion methods.
� 2005 Elsevier Ltd. All rights reserved.
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The design and synthesis of supramolecular assem-
blies1,2 employing hydrogen bonds is a �facile� route
for the creation of novel and exotic architectures such
as honeycomb, diamondoid and laddranes, etc.3–6 Co-
crystallization of the reactants, under ambient condi-
tions, is a technique often employed to synthesize
complexes.7,8

In recent times, syntheses of coordination assemblies by
hydrothermal methods (at high temperature and pres-
sure) have become popular due to the successful synthe-
ses of many organic–inorganic hybrid assemblies with
rigid networks.9–12 In fact, such assemblies are otherwise
not available following conventional synthetic routes.
Also, sometimes, employment of the drastic conditions
leads to the formation of unusual products, which are
quite different from the products obtained, when the
reactions were performed under ambient conditions.

Nevertheless, the synthesis of supramolecular assemblies
through hydrothermal methods using organic com-
pounds alone have not been thoroughly explored,
although its effect was demonstrated in the preparation
and elucidation of the supramolecular assembly between
cyanuric acid and melamine.13 In this letter, we report
an exotic supramolecular assembly that has been iso-
lated from the hydrothermal reaction of 3,5-dinitro-4-
methylbenzoic acid and trans-1,2-bis(4-pyridyl)ethene
in the presence of Pr(III) and compare it with the assem-
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bly obtained from the co-crystallization carried out un-
der ambient conditions.

In our recent experiments14 to evaluate the ability of
Pr(III) to aid construction of novel supramolecular
assemblies, we noted that 4,4 0-bipyridine and 1,2-bis(4-
pyridyl)ethane did not form any dative bonds with
Pr(III) but remained as guests in the channels being cre-
ated by 3,5-dinitro-4-methylbenzoic acid (DNMB) and
Pr(III).
Thus, we performed a hydrothermal reaction of 3,5-di-
nitro-4-methylbenzoic acid (DNMB) and trans-1,2-
bis(4-pyridyl)ethene (bpyee) in the presence of Pr(III)
to obtain a complex of DNMB and Pr(III) with bpyee
being inserted as guest molecule.15 In contrast, and to
our surprise, crystal structure determination16 revealed
that a 2:1 adduct of DNMB and bpyee, had formed
along with water molecules in the crystal lattice.17 We
label this adduct 2(C8H5N2O6):(C12H12N2):4(H2O), as
1 and its asymmetric unit is shown in Figure 1.

Three-dimensional crystal structure analysis of 1,
revealed a sandwich type architecture as shown in
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Figure 1. ORTEP drawing of the asymmetric unit in the crystal lattice of 1.
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Figure 2a. It is clearly known from further analysis that
this is a result of sandwiching of DNMB molecules be-
tween the layers of bpyee. In the three-dimensional
arrangement, adjacent units are indeed held together
by water molecules as shown in Figure 2b.

In this adduct, however, the recognition pattern between
DNMB and bpyee, as shown in Figure 2c, is very similar
to the known interaction between acids and aza com-
pounds with the formation of a supermolecule through
a cyclic coupling between the carboxylate of DNMB
and the hetero N-atom and CH groups of bpyee. The
hydrogen bond distances18 in this coupling are 1.37
and 2.63 Å, respectively, corresponding to N–H+� � �O�

and C–H� � �O. Other characteristics of the hydrogen
bonds of 1 are given in Table 1.

In a further exploration, we noted that a hydrothermal
reaction between DNMB and bpyee alone did not yield
a product19 similar to 1, suggesting the pivotal role of
Pr(III) for the formation of 1 in addition to the drastic
conditions.
Figure 2. (a) Three-dimensional arrangement of DNMB and bpyee

molecules in 1. (b) Arrangement of adjacent supermolecules of DNMB

and bpyee. (c) Recognition pattern between DNMB and bpyee in the

adduct 1, forming a cyclic hydrogen bond coupling.
However, co-crystallization of DNMB and bpyee with-
out Pr(III), at ambient conditions, by dissolving in hot
methanol followed by slow-evaporation gave an adduct,
2,16,20 in a 2:1 composition bearing a formula unit
2(C8H6N2O6):(C12H10N2), but with an entirely different
three-dimensional structure to that observed in 1 thus,
further confirming the influence of the Pr(III) species
in the formation of the unusual assembly observed in
1. The asymmetric unit of 2 is shown in Figure 3.

The adduct 2 gave stacked, corrugated layers of super-
molecules formed between DNMB and bpyee. This
arrangement is shown in Figure 4a. In a typical layer,
the reactants interact with each other through the form-
ation of a strong N–H� � �O hydrogen bond formed
between –COOH and the hetero N-atom as shown in
Figure 4b. The adjacent supermolecules are held to-
gether by C–H� � �O hydrogen bonds with H� � �O dis-
tances of 2.63 and 2.69 Å (Table 1).

In order to substantiate further, the differences between
the hydrothermal and ambient conditions, co-crystalli-
zation of DNMB and 1,2,-bis(4-pyridyl)ethane (an ana-
logue of bpyee), under similar conditions to those
employed for the preparation of 2, gave an adduct,
316,21,22 (Fig. 5) in a 2:1 ratio having the structural for-
mula as 2(C8H6N2O6):(C12H12N2). In fact, adduct 3 is
iso-structural with 2 in all aspects. The packing analysis
is represented in Figure 6.

It is evident from Figure 6a that adduct 3 is also a
stacked, layered structure like 2, except that the layers
are planar rather than corrugated. In a typical layer,
the reactants form a supermolecule through the forma-
tion of strong O–H� � �N hydrogen bonds as shown in
Figure 6b. However, unlike in 2, the adjacent units are
held together by numerous C–H� � �O hydrogen bonds
with H� � �O distances in the range of 2.45–2.74 Å (Table
1). Such a similarity between the adducts 2 and 3 sug-
gests that the basic recognition and topological arrange-
ments remain unaffected under ambient conditions.

However, a comparison of the adducts 1–3 suggests that
even though the basic recognition pattern is almost simi-
lar, variations in the conditions such as high tempera-
ture, pressure and the presence of metal ions lead to
the formation of a novel assembly in the adduct 1.

Thus, it can be concluded that it is possible to obtain
varied architectures of organic supramolecular com-
plexes influenced by metal ions and/or performing
reactions under drastic conditions, for example



Table 1. Characteristics of the hydrogen bonds observed in complexes 1–3

1 2 3

O–H� � �N 1.53 2.53 168 1.30 2.51 165

N+–H� � �O� 1.37 2.62 170

C–H� � �O 2.40 3.27 170 2.39 3.32 165 2.45 3.37 163

2.63 3.19 132 2.59 3.55 165 2.50 3.12 123

2.66 3.34 147 2.63 3.49 176 2.53 3.38 147

2.69 3.58 162 2.63 3.57 157 2.61 3.39 141

2.81 3.57 142 2.69 3.32 129 2.62 3.45 148

2.85 3.74 160 2.69 3.49 143 2.68 3.37 131

2.87 3.68 146 2.77 3.43 127 2.69 3.50 151

2.74 3.56 137

2.74 3.60 151

2.76 3.64 157

Figure 6. (a) Three-dimensional arrangement of DNMB and 1,2,-

bis(4-pyridyl)ethane in the crystal structure of adduct 3, in the form of

planar layers. (b) Two-dimensional arrangement of the super-

molecules.

Figure 4. (a) Three-dimensional arrangement in the form of stacked,

corrugated layers observed in the crystal structure of adduct 2. (b)

Arrangement of supermolecules in a typical corrugated layer.

Figure 5. ORTEP drawing of complex 3.

Figure 3. Molecular structure of complex 2.
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hydrothermal synthesis. Such network structures would
be of interest from synthetic aspects as well as applica-
tion studies. To rationalize the substantial effect, a large
number of experimental evidence is warranted. For this
purpose, several experiments are in progress towards
understanding the role of Pr(III) and also other lantha-
nide ions as well as transition metal ions in order to
obtain more exotic and tailor-made architectures.
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