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Introduction
Hydrazones play an important role in bioinor-

ganic chemistry as they easy form stable complexes 
with most of the transition metals. Many hydrazones 
are used as chelating agents in medical treatment for 
reducing the toxic effects of metals. Salicylaldehyde 
benzoylhydrazone (SBH) belongs to a series of tri-
dentate iron chelators effective in chemotherapy of 
Fe overload diseases such as β-thalassemia [1-4]. 
Various derivatives of salicylaldehyde benzoylhydra-
zone and their metal complexes have been synthe-
sized in order to discover new pharmacologically ac-
tive compounds [5-7]. Besides the ability to mobilize 
iron in vivo, it is important to investigate the affinity 
of these hydrazones to the other essential metals such 
as zinc, calcium, copper, cobalt etc. Zinc is one of the 
most abundant transition metals in the human body 
which is essential for the structure and function of 
a large number of macromolecules and for a variety 
of enzymatic reactions, which mediate a wide range 
of biochemical and nutritional processes [8,9]. It in-
teracts with a wide range of organic ligands [10] and 
participates in the metabolism of RNA and DNA, 
signal transduction and gene expression. In blood 
plasma, zinc is bound to and transported by albumin 
(60%) and transferrin (10%) [11]. Although zinc is 
an essential requirement for good health, excess of 
zinc can be harmful. Excessive absorption of zinc 
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suppresses copper and iron absorption [12]. In view 
of the importance of the affinity towards zinc ions, 
herein we report the synthesis and physicochemical 
characterization of new Zn(II) complexes with two 
iron chelators 3-methoxysalicylaldehyde-4-hydroxy-
benzoylhydrazone and 3-methoxysalicylaldehyde 
isonicotinoylhydrazone. 

Materials and Methods
Reagents

All chemicals used for the synthesis of the com-
pounds: 3-methoxysalicylaldehyde, 4-hydroxyben-
zhydrazide, isonicotinoyl hydrazide, 96 % ethanol 
and Zn(CH3COO)2.2H2O were purchased from com-
mercial sources and used as received. All of the other 
chemicals were of analytical grade.

The carbon, nitrogen and hydrogen contents of 
the compounds were determined by elemental analy-
ses on Euro EA 3000 – Single, EuroVector SpA. The 
melting points were determined using a Büchi 535 
apparatus. The IR-spectra were recorded using KBr 
pallets on Bruker Tensor 27 spectrophotometer in the 
range of 4000-400 cm-1. The 1H NMR and 13C NMR 
spectra were recorded on a Bruker Avance DRX 250 
spectrophotometer at 250 MHz in DMSO-d6 as a sol-
vent, using tetramethylsilane (TMS) as internal stan-
dard. Chemical shifts (δ) were reported in parts per 
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million (ppm), J values were given in Hz. Splitting 
patterns were indicated by the symbols: s (singlet), 
d (doublet), t (triplet), m (multiplet) and br (broad). 
Thermal decomposition studies were carried out on 
Setaram Setsys TG-DSC 15 in air atmosphere by us-
ing a corundum crucible with a sample weight of 10 
mg in the temperature range 20–800 ºC.

Synthesis of the ligands
A solution of 3-methoxysalicylaldehyde (0,01 

mol) in 96 % ethanol (10 ml) was added to the solu-
tions of 4-hydroxybenzhydrazide (0,01 mol) and 
isonicotinoyl hydrazide (0,01 mol) in 50 % aque-
ous ethanol (40 ml) and immediately precipitates 
were formed. An extra 96 % ethanol was added and 
the mixtures were stirred and heated until the solid 
phases were dissolved. The solutions were allowed 
to cool and stand at room temperature for 24 hours. 
During this time crystals of the products 1 and 2 were 
obtained, then filtered off. The solid hydrazones were 
dried for 2 days in a vacuum desiccator. 

3-methoxysalicylaldehyde 4-hydroxybenzoylhy-
drazone (3mShBH) (1). Yield 85 %; Whitish solid; 
m.p. 196-197 °C; Anal. Calcd for C15H14O4N2.H2O : 
C 59.21, H 5.30, N 9.21. Found: C 59.38, H 5.22, N 
9.28; IR (KBr) ν (cm-1):  3449, 3360 (Ar-OH), 3218 
(N-H), 1646 (C=O), 1608 (C=N); 1H NMR (DM-
SO-d6, 250 MHz) δ (ppm): 3.81 (s, 3H, -OCH3), 6.86 
(m, 3H, CH, aromatic protons of aldehyde), 7.01 (d, 
1H, CH, aromatic proton of hydrazide, J=7.75 Hz), 
7.11 (d, 1H, CH, aromatic proton of hydrazide, 
J=7.75 Hz), 7.84 (d, 2H, CH, aromatic protons of hy-
drazide, J=8.75 Hz), 8.61 (s, 1H, N=CH), 10.23 (br 
s, 1H, O-H, hydrazide), 11.11 (br s, 1H, N-H), 11.87 
(br s, 1H, O-H, aldehyde); 13C NMR (DMSO-d6, 
250 MHz) δ (ppm): 160.90 (C=O), 147.93 (CH=N), 
55.82 (OCH3).

3-methoxysalicylaldehyde isonicotinoylhydra-
zone (3mSIH) (2). Yield 89 %; Brightly yellow sol-

id; m.p. 236-237 °C; Anal. Calcd for C14H13O3N3 : C 
61.99, H 4.83, N 15.49. Found: C 62.10, H 4.94, N 
15.67; IR (KBr) ν (cm-1):  3350 (Ar-OH), 3203 (N-
H), 1691 (C=O), 1604 (C=N); 1H NMR (DMSO-d6, 
250 MHz) δ (ppm): 3.82 (s, 3H, -OCH3), 6.87 (t, 1H, 
CH, aromatic proton of aldehyde, J=8 Hz), 7.05 (d, 
1H, CH, aromatic proton of aldehyde, J=8 Hz), 7.20 
(d, 1H, CH, aromatic proton of aldehyde, J=7.75 Hz), 
7.85 (d, 2H, CH, aromatic protons of hydrazide, 
J=6 Hz), 8.72 (s, 1H, N=CH), 8.80 (d, 2H, CH, aro-
matic protons of hydrazide, J=6 Hz), 10.72 (br s, 1H, 
N-H), 12.23 (br s, 1H, O-H); 13C NMR (DMSO-d6, 
250 MHz) δ (ppm): 161.29 (C=O), 150.34 (CH=N), 
55.82 (OCH3).

Synthesis of the Zn(II) complexes
The metal complexes were obtained using the fol-

lowing general procedure: Aqueous ethanolic solu-
tion of Zn-acetate was added to a solution of ligands 
in 96 % ethanol in 1:2 metal-to-ligand molar ratio 
which resulted in immediate precipitation of metal 
complexes. The mixtures were stirred for 30 min to 
complete the reaction and then were allowed to stand 
undisturbed overnight at room temperature. Fine 
crystals were collected after filtration, washed with 
ethanol and dried over P2O5 in a vacuum desiccator. 

Bis-(3-methoxysalicylaldehyde 4-hydroxyben-
zoylhydrazone) zinc (II) [Zn(C15H13O4N2)2] (3) ; 
Yield 96 %; Dark yellow solid; Anal. Calcd for 
[Zn(C15H13O4N2)2]: C 56.66, H 4.12, N 8.81. Found: 
C 56.53, H 4.31, N 8.69; IR (KBr) ν (cm-1):  3210 
(N-H), 1610 (C=O), 1585 (C=N), 525 (Zn-O), 430 
(Zn-N).

Bis-(3-methoxysalicylaldehyde isonicotinoylhy-
drazone) zinc (II)  [Zn(C14H12O3N3)2] (4) ; Yield 76 
%; Orange solid; Anal. Calcd for [Zn(C14H12O3N3)2]: 
C 55.50, H 3.99, N 13.87. Found: C 55.38, H 4.45, N 
13.39; IR (KBr) ν (cm-1):  3197 (N-H), 1634 (C=O), 
1590 (C=N), 540 (Zn-O), 455 (Zn-N).

Scheme 1. The synthesis of hydrazones
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Results and Discussion
The ligands 3-methoxysalicylaldehyde 4-hy-

droxybenzoylhydrazone and 3-methoxysalicylalde-
hyde isonicotinoylhydrazone were synthesized as 
previous described [7] according to Scheme 1.

The new zinc compounds were characterized by 
elemental and thermogravimetric analyses. Exper-
imental and calculated C, H, N values reveal 1:2 
metal:ligand molar ratio in the complexes and sug-
gest molecular formula [ML2]. Thermal investiga-
tions show absence of weight loss up to 180-200 °C 
which indicates that there is no hydrated water mole-
cule in the crystalline solids. The complexes are quite 
stable and could be stored on air without any visible 
change. They are insoluble in water and ethanol and 
slightly soluble in DMSO. 

The comparative IR spectral study of the ligands 
and their complexes revealed the coordination mode 
of the hydrazones during the complex formation. 
The medium intensity band at 3350-3360 cm-1 in the 
IR spectra of the ligands due to phenolic OH group 
had disappeared in the spectra of the complexes. 
This supports the suggestion for deprotonation of 
the ligands during the coordination and the displace-
ment of a proton by the Zn2+ ion. The band observed 
at 1604-1608 cm-1 in the spectra of the ligands which 
is attributed to azomethine C=N group is shifted in 
spectra of the complexes to lower wave number indi-
cating the involvement of N-atom of the azomethine 
group in the complex formation. An intense band 
which appears at 1646-1691 cm–1 in the spectra of the 
ligands is assigned to the frequency vibration of the 
carbonyl group C=O. In the spectra of the complex-
es a considerable negative shift is observed showing 
coordination through the carbonyl–oxygen atom of 
the free ligands. The NH stretching vibration in the 
free ligands occurs at 3203-3218 cm−1 and remains 
unaffected after complexation. This precludes the 
possibility of coordination through imine nitrogen 
atom. In addition, the appearance of medium bands 
at 525–540 cm−1 and 430–455 cm−1 in the spectra of 
the complexes can be assigned to ν(Zn–O) and ν( 
Zn–N), respectively.

The comparison of the IR data of the Zn-complex-
es with those of the free ligands suggests that 3-me-
thoxysalicylaldehyde 4-hydroxybenzoylhydrazone 
and 3-methoxysalicylaldehyde isonicotinoylhydra-
zone act as monobasic tridentate ligands and coordi-
nate through phenolic-oxygen, azomethine–nitrogen 
and amide–oxygen atoms forming a six-membered 
chelate ring. Based on the above results, the structure 
in Fig.1 for the Zn(II) complexes is suggested.

The TG analyses of the solid Zn(II) complexes 
showed that the compounds are anhydrous and ther-
mally stable only up to 180-200 °C. Above this tem-
perature the complexes began to decompose and at 
580-600 °C the decomposition process stopped and 
stable metal oxide was formed.
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conclusion
New zinc complexes were synthesized and charac-

terized with elemental analyses, thermal and spectral 
investigations. The analytical data suggest stoichiom-
etry [ZnL2] and absence of coordinated water in com-
pounds, which is further supported by thermal anal-
ysis. The 3-methoxysalicylaldehyde 4-hydroxyben-
zoylhydrazone and 3-methoxysalicylaldehyde isonic-
otinoylhydrazone act as monobasic tridentate ligands 
coordinating to the zinc ion through ONO donor sites 
and thus forming stable six-membered chelates. It can 
be concluded that these aroylhydrazones can be used 
as chelators in the cases of poisonings with zinc ions.
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