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Abstract

The compound [Znz(flmq)2(bdc)(H20)2], 1, based on flumequine (Hflmq) and 1,4-
benzenedicarboxylate (bdc), has been synthesised and shown by single crystal X-ray
analysis to contain one-dimensional chains linked into sheets by hydrogen bonding.
Photoluminescent measurements on the complex in the solid state show that it displays
strong photoluminescence at 467 nm.
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Inorganic—organic hybrid frameworks have attracted a great deal of attention over the last
decade due to the fascinating range of structures and properties these materials exhibit.!!"
# Much of this work has been focused on the nanoporous metal-organic frameworks
(MOFs), which exhibit interesting gas storagel®! and separation!®! properties. Recently,
however, denser frameworks with more flexible ligands have also drawn significant
attention.!”! These materials have been found to exhibit an intriguing array of structures
from simple 1D coordination polymers to 2D and 3D networks, with both purely organic
linkers, and combination of organic and inorganic linkers observed. With regard to the

organic linkers, the most commonly employed are polycarboxylates.®]

A current area of interest in MOF chemistry is the inclusion of biologically active

molecules, either as guests within the pores or as part of the framework, with a view to

10, 11]

using the materials to overcome drug delivery issues.”) Flumequine (Hflmq),! a

chiral synthetic quinolone,''?! is used for treatment of urinary tract infections and, in



veterinary medicine, for the treatment of bacterial infections. In recent years, metal
complexes of flmq with nickel,!'*! copper!'* and zinc!'> ! have been reported, though
there is no precedence for including flmq within a coordination polymer. We have
recently reported inclusion of the iron chelator deferiprone as a terminal ligand within
metal-organic frameworks, and investigated its release under acidic conditions.[!”]
Inspired by these considerations, we elected to study the reaction between zinc(Il) and

flumequine (Hflmq) in the presence of 1,4-benzenedicarboxylic acid (Hzbdc).
*#* insert Hflmq structure here ***

Zinc acetate reacted with flumequine and Hzbdc in the presence of base under
hydrothermal conditions to give the coordination polymer [Znz2(flmq)2(bdc)(H20)2], 1, in
reasonable yield.'8) Compound 1 was characterised by IR spectroscopy, elemental

analysis, and single crystal X-ray diffraction.

The X-ray analysis!!”! revealed that the asymmetric unit of 1 consists of two zinc centres,
two independent 1,4-bdc halves, proximate to crystallographic inversion centres, two
flmq ligands and two water ligands. Selected bond lengths and angles are given in Table
1, and these are similar to those in structurally related compounds.”®! The two
independent zinc(Il) centres are bridged by two bidentate flmq ligands to give Znz(flmq)2
dimers, with each zinc(Il) centre additionally coordinated to a water ligand and a
carboxylate group (Figure 1). This contrasts with the previously reported zinc-flmq

(15 16] Each dimeric unit in 1 is supported by two

compounds which are monomeric.
intramolecular hydrogen bonds involving the aqua ligands and the uncoordinated oxygen
atoms of the flmq carboxylate groups [O(11)---O(6) 2.1670 A, H(11D)---O(6) 1.87 A,
O(11)-H(11D)---0(6) 137°; 0O(12)---0(2) 2.641 A, H(12C)---O(2) 1.90 A, O(12)-

H(12C)---O(2) 130°].
*** insert Figure 1 here ***

Both zinc centres are five-coordinate, and t values of 0.207 and 0.367, for Zn(1) and
Zn(2) respectively, reveal they are best regarded as being distorted square-pyramidal.!*!]
Each zinc centre is coordinated to five oxygen atoms, two from a bidentate flmq ligand,
one from a bridging flmq ligand, one from an aqua ligand and one from the bdc ligand.
Each flmq ligand adopts a bidentate bridging coordination mode, coordinating through
the carboxylate and keto oxygen atoms and forming a 6-membered chelate ring, with bite

angles of 84.3° and 88.2°.



The coordination of each of the two zinc centres to a carboxylate group ensures that the
bdc ligands link the Znx(flmq): units into one-dimensional chains (Figure 2), with the

capping flmq ligands preventing higher dimensionality in the network.
*#%* insert Figure 2 here ***

These chains are in turn linked into two-dimensional sheets by pairs of hydrogen bonds
(Figure 3) in which the coordinated water molecules act as hydrogen bond donors and
carboxylate oxygen atoms act as acceptors. Interestingly, the water molecule based on
O(12), coordinated to Zn(l), forms a hydrogen bond with the non-coordinated
carboxylate oxygen atom [O(12)---O(7) 2.651 A, H(12D)---O(7) 1.69 A, O(12)-
H(12D)---O(7) 167°] generating 12-membered rings [graph set R%(12)], whereas the
water molecule based on O(11), coordinated to Zn(2), interacts with the coordinated
carboxylate oxygen atom [O(11):--O(9) 2.662 A, H(11C)---O(9) 1.73 A, O(11)-
H(11C)---O(9) 160°] generating 16-membered rings [graph set R5(16)].

*** insert Figure 3 here ***

Complexes containing @' ions such as Zn**, including coordination polymers, often
possess photoluminescence properties.??! For example, [ZnsO(bdc)s], MOF-5, has been
reported to be a blue luminescent material (A = 523nm).[**! Since 1 contains both Zn(II)
centres and conjugated organic ligands, it was postulated that the complex may exhibit
interesting luminescent behaviour. To verify this, the photoluminescence properties of 1
were investigated in the solid state at room temperature. It was observed that 1 exhibits
an emission maximum at 467 nm when excited at 338 nm as shown in Figure 4. To
understand the nature of the emission band, the photoluminescence properties of Hflmq
were also analysed. It was found that one weak band could be observed at 325 nm when
Hflmq was excited at 264 nm which is consistent with previously reported studies.!** In
addition, recent studies have shown that solid Hxbdc exhibits emission at 430 nm on
excitation at 320 nm.*>) Therefore the emission of 1 may be assigned to intra-ligand
fluorescent emission. The enhancement of luminescence can be attributed to ligand
chelation to the metal centre, which effectively increases the rigidity and asymmetry of
the ligand and reduces the loss of energy by radiationless decay. These observations
suggest that compound 1 may be an excellent candidate for potential photoactive

materials.
*#* insert Figure 4 here ***

To explore the thermal stability of 1, thermogravimetric analysis (TGA) was performed

under nitrogen atmosphere. The first mass loss of 5.45 %, between 140 and 160 °C,



corresponded to the loss of the two coordinated water molecules per formula unit (calcd.
5.75 %), and after this the sample was relatively stable up to 330 °C, at which

decomposition of the framework commences.

In summary, we have prepared and characterised the first example of a coordination
polymer based on flumequine. The complex [Znx(flmq)2(bdc)(H20)2] 1 was prepared and
demonstrated to consist of one-dimensional coordination polymers, with hydrogen bonds
between the aqua ligands and carboxylate oxygen atoms linking the chains into sheets. 1
displays a strong photoluminescence at 467 nm, suggesting potential as a photoactive

material, and is thermally stable up until 330 °C.

Acknowledgments

ENN thanks the Commonwealth Scholarship Commission for the Academic Exchange

Fellowship and the University of Bath for hosting the Fellowship.

Appendix A. Supplementary material
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Figure 2 — The one-dimensional coordination polymers present in the structure of 1.



Figure 3 — Hydrogen bonds linking the coordination polymers present in the structure of

1 into sheets.
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Figure 4 — Photoluminescence spectrum of 1 in the solid state at room temperature.



Table 1 — Selected bond lengths [A] and angles [°] for 1.

Zn(1)-0(9) 1.983(3) Zn(1)-0(12) 1.994(3)
Zn(1)-0(5) 2.009(3) Zn(1)-0(4) 2.081(3)
Zn(1)-0(1) 2.093(3) Zn(2)-0(8) 1.962(3)
Zn(2)-O(11) 1.988(3 Zn(2)-0(3) 2.030(3)
Zn(2)-0(1) 2.043(2) Zn(2)-0(4) 2.130(3)
0(9)-Zn(1)-0(12) 103.08(12) 0(9)-Zn(1)-0(5) 124.09(11)
0(12)-Zn(1)-0(5) 89.02(11) 0(9)-Zn(1)-0(4) 99.26(11)
0(12)-Zn(1)-0(4) 156.53(11) O(5)-Zn(1)-O(4) 84.36(11)
0(9)-Zn(1)-O(1) 89.87(10) 0(12)-Zn(1)-0(1) 94.48(11)
0(5)-Zn(1)-O(1) 144.12(10) 0(4)-Zn(1)-0(1) 78.36(10)
0(8)-Zn(2)-O(11) 112.00(12) 0(8)-Zn(2)-O(3) 96.41(11)
0(11)-Zn(2)-0(3) 91.48(11) 0(8)-Zn(2)-0(1) 113.16(10)
O(11)-Zn(2)-0(1) 134.57(11) 0(3)-Zn(2)-O(1) 83.23(10)
0(8)-Zn(2)-0(4) 106.47(11) O(11)-Zn(2)-0(4) 84.66(11)
0(3)-Zn(2)-0(4) 156.58(11) 0(1)-Zn(2)-0(4) 78.37(10)




Highlights

¢ A new flumequine-containing zinc coordination polymer is reported.
¢ Flumequine coordinates in a bridging bidentate mode to give zinc dimers that are
interconnected by dicarboxylate linkers.

e The new compound displays strong photoluminescence.

For graphical contents:
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