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A coordination assembly of 3,5-dinitro-4-methylbenzoic acid

and Pr(III), synthesized by hydrothermal methods forms a host

structure, which is stable up to 300 uC, through C–H…O

hydrogen bonds and accommodates different types of guest

species varying from simple molecules like water to larger

molecules like trans-1,2-bis(4-pyridyl)ethene.

Naturally occurring inorganic minerals, like zeolites,1 with well-

defined open-frame networks, possessing different types of voids

and channels, are the source of inspiration for current research

activities in the design and synthesis of open-frame networks of

varied architectures.2,3 Metal–organic hybrids with distinctly

strong bonding properties between metal and organic ligands are

considered to be robust enough to mimic zeolite type structures.4

Several carboxylate mediated coordination polymers have

proved to be quite successful in forming self-assembled open-

frame networks that accommodate various guest species.5,6 In

most of these assemblies the host structures are designed to form

exclusively through dative bonds. However, taking into account

the nature of functional groups such as –NO2 and –NH2 to form

well defined robust hydrogen bond networks,7 but which have less

affinity towards metal ions, we have focused on the syntheses of

metal–organic supramolecular assemblies employing organic

ligands having –NO2 groups along with carboxylates in order to

evaluate the role of both types of bonds in forming the requisite

host structures, as only a few such structures are known in the

literature.8 For this purpose, syntheses of coordination assemblies

of 3,5-dinitro-4-methylbenzoic acid (DNMB) with Pr(III), con-

sidering the growing interest of evaluation of lanthanide ions in the

supramolecular studies,9 have been carried out.

Pale yellow single crystals obtained from the hydrothermal

reaction of an aqueous solution of DNMB and praseodymium

acetate (PA) gave a coordination complex, 1, [Pr2(C8H5N2O6)6-

(H2O)4]?6H2O, as characterized by X-ray diffraction techniques.{
Analysis of the coordination geometry reveals that 1 is a

dinuclear metal complex with two Pr(III) ions being bridged by

the carboxylate groups of two DNMB molecules with an average

Pr–O distance of 2.400 Å (Fig. 1(a)). Unique metal–ligand bond

distances are given in Table 1. In addition, each Pr(III) shows a

nine coordination environment with further bonding to three more

DNMB molecules and two water molecules in such a manner that

one of the DNMB molecules forms chelated Pr–O bonds, through

carboxylate groups. The average Pr–O distance is 2.665 Å. The

remaining two DNMB molecules, however, act as bis-

monodentate ligands towards Pr(III), giving rise to one-

dimensional polymers, with Pr–O distances of 2.418 and 2.495 Å.

The water molecules are coordinated to Pr(III) at distances of 2.563

and 2.610 Å. The three-dimensional arrangement of these species,

however, is quite intriguing in the formation of an open-frame

network through the anticipated hydrogen bonding networks

{ Electronic supplementary information (ESI) available: Experimental
details, ORTEP diagrams and thermogravimetric data. See http://
www.rsc.org/suppdata/cc/b4/b417754a/
*pediredi@ems.ncl.res.in

Fig. 1 (a) Coordination of DNMB and water around Pr(III) forming a

dinuclear unit in the crystal structure of complex, 1. (b) Formation of

channels, occupied by six water molecules. C–H…O hydrogen bonds

between the units denoted A and B are shown in expansion.
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between the –CH3 and –NO2 groups. A typical arrangement is

shown in Fig. 1(b).

Two different types of hydrogen bonding networks, as

represented by A and B in Fig. 1(b), connect four neighboring

units with the formation of C–H…O hydrogen bonds with H…O

distances in the range 2.43–2.95 Å. Thus, the aggregation of the

coordination units through C–H…O hydrogen bonds, results in

the formation of channels (6 6 15 Å2), which are occupied by six

water molecules (see Fig. 1(b)).

It is apparent from the thermogravimetric analysis that water

molecules in the channels are being evacuated at around 130 uC
and the complex is found to be crystalline and stable as confirmed

by X-ray powder diffraction methods. We wished to insert

hydrocarbons like naphthalane and anthracene in such channels as

these hydrocarbons are well known to act as guests.7 But, our

experiments revealed that the components crystallized separately,

perhaps due to incompatibility between the dimensions of the

channels and the guests.

Hence, we carried out hydrothermal synthesis of DNMB and

PA in the presence of 4,49-bipyridyl (bpy) with a hope that bpy will

facilitate the creation of larger channels as it is well known to act as

a spacer in many other assemblies to accommodate large guest

molecules. To our surprise, crystal structure determination,

however, discloses that a complex, [Pr2(C8H5N2O6)6-

(H2O)4]?2C10H8N2, 2, was formed, in which bpy exists as a free

ligand in the asymmetric unit without coordinating to Pr(III).{
Nevertheless, complexes 1 and 2 are isostructural, with similar

aggregation patterns and channels due to the association of the

neighboring coordination units through C–H…O hydrogen

bonds, except for the guest molecules. The C–H…O hydrogen

bonds observed in 2 are acyclic with H…O distances in the range

2.53–2.92 Å as shown in Fig. 2(a). Such an arrangement ultimately

constituted channels (7 6 14 Å2), in a three-dimensional

arrangement as shown in Fig. 3, which are occupied by two

molecules of bpy, replacing all six water molecules observed in

complex, 1.

The bpy molecules in the channels interact with the host

through the formation of O–H…N hydrogen bonds (N…O, 2.77

and 2.80 Å). Furthermore, the open-frame network observed in

complexes 1 and 2 is quite stable even to perform guest-exchange

reactions, as we noted that a reaction between complex 1

(possessing water in the channels) and bpy gave exclusively

complex, 2 (channels filled with bpy) in 100% yield.

Similar observations were also noted for the guest-exchange

reaction between complex 1 and trans-1,2-bis(4-pyidyl)ethene

(bpyee), forming a complex, [Pr2(C8H5N2O6)6(H2O)4](C12H10N2)-

(4H2O), 3,{ except that four water molecules still remain in the

channels along with bpyee. The open-frame network, positions of

bpyee and water molecules within the channels (6 6 16 Å2) are

shown in Fig. 2(b). In fact, complex 3 could not be synthesized by

a direct reaction between DNMB and PA in the presence of bpyee.

In contrast, 1,2-bis(4-pyridyl)ethane (bpyea), an analogue of

bpyee, forms the complex [Pr2(C8H5N2O6)6(H2O)4](C12H12N2)-

(4H2O), 4, directly from a reaction between DNMB and PA along

with bpyea.{ The molecular arrangement in complex 4 is shown in

Fig. 2(c). This complex also is isostructural to those of 1–3 but

bpyea molecules occupy the channels (5 6 16 Å2) as guest

molecules. Thus, in addition to the robustness, the open-frame

network formed by DNMB and Pr(III) also shows the flexibility to

accommodate additional molecules. Perhaps interaction between

the coordination units through weak bonds (C–H…O hydrogen

bonds), which would reorganize with ease, rather than strong

bonds, facilitated the expansion of the channels.

In conclusion, we have demonstrated the utilization of both

coordinate bonds as well as hydrogen bonds to form host–guest

complexes. Further, the robustness of the host network formed by

DNMB and Pr(III) is comparable to those of similar structures

Fig. 2 Channels observed in the complexes, 2, 3 and 4 which are occupied by (a) 4,49-biprydine, (b) trans-1,2-bis(4-pyridyl)ethene and (c) 1,2-bis(4-

pyridyl)ethane, respectively. Arrows indicate the vivid description of C–H…O hydrogen bonding pattern between the adjacent units.

Table 1 Bond distances around the coordination sphere of Pr(III)

Compound

Pr–O(carboxylate)

Pr–O(water) Bridging Chelating m-oxo bridging

1 2.563(7) 2.391(6)a 2.559(6) 2.460(6)
2.610(6) 2.408(6)a 2.772(6)

2.418(6)b

2.495(6)b

2 2.563(2) 2.420(2)a 2.567(2) 2.483(2)
2.563(2) 2.421(2)a 2.828(2)

2.422(2)b

2.467(2)b

3 2.567(4) 2.393(4)a 2.572(4) 2.486(4)
2.628(4) 2.406(4)a 2.708(4)

2.428(4)b

2.472(4)b

4 2.552(3) 2.405(3)a 2.577(3) 2.488(2)
2.617(3) 2.414(2)a 2.730(2)

2.424(3)b

2.468(2)b

a Bridging within the bimetallic unit. b Bridging between bimetallic
species.
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formed by purely dative bonds. We believe that the complexes

presented in this communication will emerge as leading examples

to explore numerous systems employing different types of organic

ligands and we are currently exploring many of these systems.
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Notes and references

{ Crystal data for complex, 1: [Pr(C8H5N2O6)3(H2O)2]?3(H2O), Mr =
906.41, yellow needles, 0.35 6 0.27 6 0.19 mm, triclinic, P1̄, a = 9.483(3),
b = 12.593(3), c = 15.517(4) Å, a = 76.89(9), b = 78.10(9), c = 81.33(9)u, V =
1755.4(12) Å3, Z = 2, rcalcd = 1.715 g cm23, m =1.488 mm21, 2hmax = 46.50,
l(Mo Ka) = 0.71073 Å, T = 298(2) K, 14587 total reflections, R1 = 0.0598
and wR2 = 0.1884 for 4903 reflections (I . 2s(I)). CCDC 233738.

Crystal data for complex, 2: [Pr(C8H5N2O6)3(H2O)2]?(C10H8N2), Mr =
1008.55, yellow needles, 0.37 6 0.23 6 0.18 mm, triclinic, P1̄, a = 9.774(4),
b = 12.721(6), c = 16.355(7) Å, a = 72.01(9), b = 82.90(9), c = 83.15(9)u,

V = 1912.2(18) Å3, Z = 2, rcalcd = 1.752 g cm23, m = 1.372 mm21, 2hmax =
46.60, l(Mo Ka) = 0.71073 Å, T = 298(2) K, 16061 total reflections,
R1 = 0.0255 and wR2 = 0.0661 for 5183 reflections (I . 2s(I)). CCDC
233739.

Crystal data for complex, 3: [Pr(C8H5N2O6)3(H2O)2]?0.5-
(C12H10N2)?2(H2O), Mr = 979.50, yellow needles, 0.41 6 0.29 6
0.22 mm, triclinic, P1̄, a = 9.510(9), b = 12.669(9), c = 16.430(2) Å, a =
72.28(2), b = 79.06(2), c = 79.72(2)u, V = 1836(2) Å3, Z = 2, rcalcd =
1.772 g cm23, m = 1.429 mm21, 2hmax = 46.70, l(Mo Ka) = 0.71073 Å,
T = 298(2) K, 15345 total reflections, R1 = 0.0345 and wR2 = 0.0711 for
4253 reflections (I . 2s(I)). CCDC 233740.

Crystal data for complex, 4: [Pr(C8H5N2O6)3(H2O)2]?0.5-
(C12H12N2)?2(H2O), Mr = 980.51, yellow needles, 0.39 6 0.26 6
0.20 mm, triclinic, P1̄, a = 9.517(2), b = 12.747(2), c = 16.366(3) Å, a =
72.21(2), b = 78.98(3), c = 79.84(2)u, V = 1840.8(6) Å3, Z = 2, rcalcd =
1.769 g cm23, m = 1.425 mm21, 2hmax = 46.54, l(Mo Ka) = 0.71073 Å,
T = 298(2) K, 11563 total reflections, R1 = 0.0283 and wR2 = 0.0768 for
5016 reflections (I . 2s(I)). CCDC 233741. See http://www.rsc.org/
suppdata/cc/b4/b417754a/ for crystallographic data in .cif or other
electronic format.
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Fig. 3 Representation of channels (7 6 14 Å2) observed in the three-

dimensional arrangement of complex, 2, (a) without guest molecules and

(b) with guest molecules 4,49-biprydine.
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