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Five new compounds have been prepared by the reaction of MnCl,-4H,0 with aroylhydrazone in the pres-
ence of NaN3: [Mn(L")(N3)(HOCH3)]5 (1), [Mn(L*)(N3)(HOCH3)]; (2), [Mn(L*)(N3)(HOCH3)o75(EtOH)o 251> (3),
[Mn(L*)(N3)(HOCH3)]> (4) and [Mny(L?)2(HOCHs),], (5). (HL! = (E)-3-hydroxy-N'-(1-(pyridin-2-yl)ethyli-
dene)-2-naphthohydrazide, HL? = (E)-N'-(phenyl(pyridin-2-yl)methylene)furan-2-carbohydrazide, H,L3 =
(2)-N'~(4-ox0-4-phenylbut-2-en-2-yl)isonicotinohydrazide, —H,L* = (E)-N'-(5-bromo-2-hydroxybenzylid-
ene)isonicotinohydrazide). In absence of NaN; the mononuclear complex [Mn(H,L%),(EtOH),Cl,] (6) was
obtained by the reaction of MnCl,-4H,0 and H,L®> ((E)-N'-(2-hydroxy-3-methoxybenzylidene)ison-
icotinohydrazide). All the compounds have been characterized by elemental analyses, IR spectra, single
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Coordination polymer crystal X-ray diffraction and magnetic susceptibility measurements. Compound 6 exhibits mononuclear
Hydrazones structure, 1-4 dinuclear structure whereas complex 5 yields two-dimensional sheets parallel to the

(100) plane in which the deprotonated H,L* act as bridging ligand. The magnetic study reveals dominating
antiferromagnetic interactions in 1 and 5 whereas the ferromagnetic coupling dominates in 2-4. The mag-
netic properties are interpreted in terms of the electronic structure of the Mn ions and structural
parameters.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The study of poly-nuclear manganese complexes is of current
interest due to the role they play in several redox systems such
as in water oxidation in the active centre of Photosystem II [1]
and in other redox-biochemical processes. Additionally, many
manganese complexes possess large numbers of unpaired elec-
trons, making them precursors for magnetic materials [2-5]. These
findings have triggered the investigation of new molecular com-
plexes based on manganese ions. In this context, dinuclear manga-
nese Schiff base complexes are known to exhibit interesting
magnetic properties [6,7] that can further be tailored towards
assembly of molecule exhibiting single molecule magnet (SMM)
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behavior. Due to the presence of energy barrier between spin-up
and spin-down states, the SMMs may be potentially used as infor-
mation storage at the molecular level. Moreover, these might be
the unique systems for studying quantum spin tunnelling and
quantum phase interference leading to their applications in molec-
ular electronics too [8].

Among the bridging pseudohalide ions (N3~, NCS™, NCO™), the
azide has been widely utilized not only as a versatile bridging li-
gand, but also as an excellent magnetic coupler [9]. When the azide
anion acts as bridging ligand [10], it can bind metal ions in differ-
ent coordination modes. The most common are the end-to-end
(12-1,3-N3, EE) [11], and end-on (,-1,1-N3, EO) [12] modes,
whereas triply ps-1,1,1-N3 [13], p3-1,1,3-N3 [14] quadruply
M4e-1,1,1,1-N3 [10] and py-1,1,3,3-N3 [15] coordinated modes re-
main relatively rare (Scheme 1). In most cases the end-to-end
(p1,3) and end-on (1 1) coordination modes mediate antiferromag-
netic and ferromagnetic interaction, respectively, but an increasing
number of exceptions have been recently observed [16]. Hence, the
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Scheme 1. The common metal ion bridging modes for azide ion illustrated by
double-bridged 1,-1,3 (EE), p2-1,1 (end-on), triple-bridged p3-1,1,3 and ps3-1,1,1.

synthesis, the structural characterization and the study of the
magnetic properties of azide-containing complexes with different
magnetic features is an emerging and substantial subject of scien-
tific researches.

Acyl and aroyl hydrazones are a multipurpose class of ligands
(Scheme 2) which have a range of biological and chemical activi-
ties. Hydrazones exhibit physiological and biological activities in
the treatment of several diseases such as tuberculosis [17], Fe over-
load [18,19], and also as inhibitors for many enzymes [20]. Their
metal complexes have also found applications in various physical
and chemical processes e.g. non-linear optics, sensors, medicine
[21] and, as well as non-symmetrical salens, can act as effective
catalysts towards alkene epoxidation [22]. Moreover, they are of
interest in the field of electrochromism where a change in the oxi-
dation state of the metal is possible [23]. Acyl and aroyl hydra-
zones contain trigonal N- and O-donor atoms that can coordinate
to metal ions [24] acting as bidentate [25], tridentate, tetradentate
[26], or pentadentate ligands [27] depending on the nature of het-
erocyclic ring-substituents attached to the hydrazone unit. These
ligands exhibit a facile keto-enol tautomerization which can
modulate the coordination to the metal as a mono-negative or
di-negative ligand in the keto or enol form, respectively.

Metal complexes with mixed ligands of hydrazone Schiff base
and azide are rare [28], although combination of different properties

of azide and hydrazone Schiff base as ligands could be interesting. In
this sense, there are only a few studies on azide as bridging [29] and
non-bridging ligands between two Mn(III) ions [30,31]. And to the
best of our knowledge, there is no report on the structure of Mn(II)
hydrazone complexes with azide bridging ligands. Thus in order to
improve the knowledge in this kind of compounds we report herein
the structures, thermal stability and magnetic properties of mono-
nuclear, dinuclear and polymeric Mn(ILIII) complexes with mixed
azide and aroyl hydrazone ligands (Scheme 2).

2. Experimental
2.1. Materials and instrumentations

Manganese(Il) chloride tetrahydrate, sodium azide, 4-pyridine-
carboxylic acid hydrazide, furane-2-carboxylic acid hydrazide,
3-hydroxy-2-naphthoic acid hydrazide, 5-bromo-2-hydroxybenz-
aldehyde, 2-hydroxy-3-methoxybenzaldehyde, 2-acethylpyridine,
2-benzoyilpyridine, benzoylacetone and solvents were purchased
from Merck and used as received. IR spectra were recorded in
KBr disks with a Bruker FT-IR spectrophotometer. UV-Vis spectra
of solutions were recorded on a thermo spectronic, Helios Alpha
spectrometer. Elemental analyses were determined on a CHN Per-
kin-Elmer 2400 analyzer. The manganese content of the final
material was determined by a Varian spectrometer AAS-110.

2.2. Synthesis of the ligands

General procedure: the ligands were prepared in a similar man-
ner by refluxing a mixture of acid hydrazide (1.0 mmol) and appro-
priate aldehyde or ketone with equivalent molar ratio in 20 ml
methanol for 6 h. The solution volume was decreased to 5 ml by
removing the solvent and cooled to room temperature. The
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Scheme 2. The aroylhydrazone ligands which used in the synthesis of complexes.
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