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ABSTRACT

Objective: Our studying involved, synthesis of new two ligands containing six - chalet in same ligand and six - donor and their complexes with zinc ion 
Zn (II), all reactions included azotation reaction, imination reaction, coupling reaction.

Methods: The formatted ligands and their complexes were identified by (infrared, ultraviolet-visible [UV-VIS], H.NMR), molar conductance and 
melting points, chromatographic studying and other physical studying.

Results: The two ligands appeared good indicators and their complexes through many studies for determination of optimal conditions of complexation 
with mole ratio (M: L) (1:1) and the ligand (L1) and ligand (L2) gave octahedral shape via six - atoms donor.

Conclusion: The coordination through nitrogen of imine group (CH=N) and oxygen of hydroxyl group of phenol or hydroxyl group of carboxyl in 
complexes and the formatted compounds gave good evidences for complexation and good suggestion shape for complexes for ligands.
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INTRODUCTION

A hexa dentate ligand has 6 lone pairs of electrons - all of which give 
co-ordinate bonds with the same metal ion [1-3]. The best example of 
this type is ethylenediamine tetraacetic acid.

Cyclic ligands are those in which the donor atoms form a ring even before 
complex formation. An example is the porphyrin ring, modified forms of 
which are complexed with Fe at the O2 binding site in haemoglobin, and 
with Mg in chlorophyll [4-8].

Chelating ligands may often bind in more than one arrangement, putting 
varying degrees of strain into the ring formed. Five or six membered 
rings are often favored with saturated C and N based ligands [9-13], as 
in the example:

Experimental
All measurements such as:
1.	 Melting points were determined in open capillary tube and were 

uncorrected
2.	 The infrared (IR)- spectra were recorder in KBr-disc, Shimadzu (8300)
3.	 Chromatography analysis
4.	 Ultraviolet-visible (UV-VIS)-spectra photometer
5.	 Molar conductance (dimethyl sulfoxide [DMSO]-solvent)
6.	 (H.NMR)-spectra in Canada
7.	 Optimal conditions
8.	 Thin-layer chromatography - plate.

METHODS

Sythesis of first ligand (L1)
(0.1mole) of p-chloro aniline was dissolved in (3 ml) of concentrated 
hydro chloric acid and (0.5 g) of sodium nitrite in temperature (0-5)°C 
then ethanolic solution of acetyl acetone (0.1mole) added, after (36 hrs), 
the precipitate was filtered and dried, which (0.1mole) refluxed with 
(0.2mole) of (ethylene di amine), according procedures [14-16], the 
precipitate were filtered and dried, which (0.01mole) refluxed with 
(0.02mole) of (4-chloro-formal phenol) to yield (80%) from ligand (L1).

Synthesis of second ligand (L2)
4-Hydroxy aniline (0.01mole) was dissolved in (3 ml) of hydrochloric 
acid and (0.7 g) of sodium nitrite at (0-5)°C, then ethanolic solution of 
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acetyl acetone (0.01mole), after (36 hrs), the precipitate was filtered 
and dried, which (0.01mole) refluxed with (0.02mole) of O-phenylene 
diamie to produce compound, which (0.01mole) refluxed with 
(0.02mole) of 4-methyl  -2-formal-  benzoic acid for (5 hrs) according 
to studying [14-16], the precipitate was filtered, recrystallized from 
ethanol to produce 82% of ligand (L2).

Synthesis of two complexes with ion (Zn2+)
According to procedures [17,18], the hot ethanolic solution of ligands 
([L1] or [L2]) respectively was added to solution of ion salt of chloride 
(ZnCl2) in mole ratio (metal:ligand) (1:1) respectively after stirring 
(2  hrs), precipitates formed, dried and recrystallized to give (78%, 
84%) respectively from complexes of two ligands respectively.

RESULTS AND DISCUSSION

Hexadentate ligands fron azo - imine compounds are important ligands 
in coordination chemistry. The imine is basic and exhibits pi-acceptor 
properties in most of ligands. All ligands and complexes were identified 
and characterization by several methods.

Determination of condition of complexes formation
For determination of conditions of formation of complexes: The 
optimal conditions of complexes with ion Zn(II) were studied in this 
studying such as calibration curves of optimal concentration of Zn2+= 
(0.70×10−4m), while concentration of ligands (0.5×10−3M of ligand [L1], 
1×10−3M of ligand [L2]), while optimal (pH=8) for the two complexes of 
ligand (L1) and ligand (L2) in base medium, and chemical identification 
UV-VIS. Other studies of these complexes in Table 1 and Figs. 1-6.

The formatted compounds gave good evidences for complexation and good 
suggestion shape for complexes for ligands in (pH=basic medium) which 
the two ligands able to remove their proton and coordinate with ion.

Mole ratio of complexes
Formation of complexes by job method and mole ratio method (Figs. 
7 and 8) through series solutions were prepared having a constant 
concentration (1×10−3M) of Zn salt (ZnCl2) and ligand, The (M: L) ratio 
was determined from relationship between the absorption and mole 
ratio (M:L) found to be (1:1) for all complexes.

Fig. 1: Ultraviolet-visible spectrum of ligand (L1)

Fig. 2: Ultraviolet-visible spectrum of complex (Zn [L1])

Fig. 3: Ultraviolet-visible spectrum of ligand (L2)

Table 1: Physical properties and UV‑VIS of ligands with 
complexes

Ligands and 
complexes

M.P (C)0 λmax Conductance 
Ω−1.cm2.mole

Ligand (L1) 188 265 /
Ligand (L2) 200 270 /
Complex [Zn (L1)] 218 350 1.54
Complex [Zn (L2)] 242 340 0.98
UV‑VIS: Ultraviolet‑visible
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All results for two complexes gave (mole ratio, calibration curve, 
stoichiometry, chemical spectra) indicate that the Zn- complexes with 
the two ligands were stoichiometry (metal:ligand) (1:1).

The conductivity
Table 1 showed all results of some physical properties were 
measured such as melting point, conductivity measurements which 
were (0.98, 1.54) ohm−1.mole−1.cm2 of (1×10−3M) solution in (DMSO) 
which indicates that the (Zn-complexes) are non-electrolytic in 
nature, and other property such as melting points, UV-VIS are listed 
in Table 1.

Spectral characterization
IR-spectra: Shown absorption bands in ligands ([L1], [L2]) at 
(2683-3151, 3406, 3410) cm−1 due to hydroxyl groups [15] of phenol 
in ligand (L1) and hydroxyl group of carboxylic acid in ligand (L2) 
respectively in free ligands which disappeared in spectra of their 
complexes indicating the coordination through phenolic oxygen 
moiety and oxygen of carboxyl group at bond (M–O) are (556-541) 
cm−1. The IR-spectra of (Schiff bases CH=N) [15,16] respectively 
in ligands exhibit bands at (1629, 1634)cm−1 respectively, which 
have been shifted towards lower frequencies at (1609, 1612) cm−1 
respectively in complexes to coordination with ion (Zn2+).

The coordination through nitrogen of imine group (CH=N) and oxygen 
of hydroxyl group of phenol or hydroxyl group of carboxyl in complexes, 
Table 2 and Figs. 9-12.Fig. 4: Ultraviolet-visible spectrum of complex (Zn [L2])

Fig. 5: Optimal pH of complex (Zn [L1])

Fig. 6: Optimal pH of complex (Zn [L2])

Fig. 7: Mole ratio of complex (Zn [L1])

Fig. 8: Mole ratio of complex (Zn [L2])

Table 2: FTIR data (cm‑1) of ligands with complexes

Ligands 
and 
complexes

(N=N) Azo 
group

(‑C=N) (CO‑O) carbonyl of 
carboxyl

(‑OH) carboxyl, 
phenol

(M‑N) (M‑O)

(L1) 1498 1634 / 3406 / /
(L2) 1484 1629 1731 2683‑3151, 3410 / /
(Zn [L1]) 1495 1609 / / 474 556
(Zn [L2]) 1479 1612 1711 /3402 492 541
FTIR: Fourier transform infrared
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Fig. 9: Fourier transform infrared of ligand (L1)

Fig. 10: Fourier transform infrared of complex (Zn [L1])

Fig. 11: Fourier transform infrared of ligand (L2)
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Fig. 12: Fourier transform infrared of complex (Zn [L2])

Fig. 13: H.NMR of ligand (L1)

Fig. 14: H.NMR of complex (Zn [L1])
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Fig. 15: H.NMR of ligand (L2)

Fig. 16: H.NMR of complex (Zn [L2])

Table 3: H.NMR data (δ ppm) of ligands with complexes

Ligands and 
complexes

(OH) 
phenol

(OH) 
Carboxyl

Other groups 
(only functional groups)

Ligand (L1) 11.31 / (‑pH‑ ) proton of phenyl ring: 6.64‑7.47
Ligand (L2) 11.22 13.10 (‑pH‑ ) proton of phenyl ring: 6.71‑7.82
Complex (Zn [L1]) / / (‑pH‑ ) proton of phenyl ring: 6.88‑7.74
Complex (Zn [L2]) 11.19 / (‑pH‑ ) proton of phenyl ring: 6.97‑7.86
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Fig. 17: Chromatogram of ligand (L1)

Fig. 18: Chromatogram of ligand (L2)

All complexes appeared shifting from bands to new band result to 
formation of complexes with ion and suffered from change in position, 
intensity, shape of bands as indicators for complexes.

Studying of H.NMR-spectra: Spectra of ligands showed signals at 
δ (13.10, 11.19-11.31) for hydroxylgroup of phenol and hydroxyl group 
of carboxyl (OH) in free ligands, which disappeared in their complexes 
as a result of coordination with (Zn2+), and other signals are shown in 
Table 3 and Figs. 13-16.

Studying of chromatographic application
From method of studying [19-22] we studied the chromatography 
behavior of the two ligands (L1 and L2), all data are shown in Figs. 17 
and 18.

Presence of azo or imine compounds gave a wide area application in and 
coordination and inorganic chemistry field such as c chromatography, 
from the results, all compounds separated according to molecular 
weight and interaction between them in column through separation in 
chromatography column.

REFERENCES

1.	 Cotton FA. Wilkinson G, Murillo CA. Advanced Inorganic Chemistry. 
New York: Wiley-Interscience; 1999. p.1355.

2.	 Miessler GL, Paul JF, Donald AT. Inorganic Chemistry. London: 
Prentice Hall; 2013. p. 696.

3.	 Jackson WG, McKeon JA, Cortez S. Alfred Werner’s inorganic 
counterparts of racemic and mesomeric tartaric acid: A  milestone 
revisited. Inorg Chem 2004;43(20):6249-54.

4.	 Bowman-James K. Alfred Werner revisited: The coordination chemistry 
of anions. Acc Chem Res 2005;38(8):671-8.

5.	 Still WC, Kahn M, Mitra A. Rapid chromatographic technique 
for preparative separations with moderate resolution. J Org Chem 
1978;43(14):2923-5.

6.	 Lippard SJ, Berg JM. Principles of Bioinorganic Chemistry. California: 
University Science Books; 1994.

7.	 Kumar S, Dhar DN, Saxena PN. Applications of metal complexes of 
Schiff bases - A review. J Sci Indian Res 2009;68:181-7.

8.	 Krygowski TM, Woźniak K, Anulewicz R, Pawlak D, Kołodziejski W, 
Grech E, et al. Through-resonance assisted ionic hydrogen bonding in 
5-nitro-N-salicylidene-ethylamine. J Phys Chem 1997;101:9399-404.

9.	 Upadhyay KK, Kumar A, Upadhyay S, Mishra PC. Synthesis, 
characterization, structural optimization using density functional theory 
and superoxide ion scavenging activity of some Schiff bases. J Mol 
Struct 2008;873:5-16.

10.	 Radecka-Paryzek W, Pospieszna-Markiewicz I, Kubicki M. Self-
assembled two-dimensional salicylaldimine lanthanum (III) nitrate 
coordination polymer. Inorg Chim Acta 2007;360:488-96.

11.	 Boghaei DM, Askarizadeh E, Bezaatpour A. Preparation of copper 
complexes with imidazole ligands. Spectrochim Acta Part A Mol 
biomol spectrosc, 2008;69:624-8.

12.	 Prashanthi Y, Kiranmai K, Subhashini NJ. Shivaraj: Synthesis, 
potentiometric and antimicrobial studies on metal complexes of 
isoxazole Schiff bases. Spectrochim Acta Part A 2008;70:30-5.

13.	 Ashraf M, Wajid A, Mahmood K, Maah M, Yusoff I. Spectral 
investigation of the activities of amino substituted bases. Orient J Chem 
2011;27(2):363-72.

14.	 Nagham MA. Synthesis and biological study of hetero (atoms and 
cycles) Compounds. Der Pharm Chem 2016;8(6):40-8.

15.	 Nagham MA. Synthesis and chemical identification of macro 
compounds of (Thiazol and Imidazol). Res J Pharm Tech 2015;8(1):78-
84.

16.	 Nagham MA, Intisar O. Synthesis of sulfur heterocyclic compounds and 
study of expected biological activity. Res J Pharm Tech 2015;8(9):1225-42.

17.	 Golcu A, Tumer M, Demirelli H, Wheatley R. Zn(II) and 
Cu(II) complexes of polydentate Schiff base ligands: Synthesis, 
characterization, properties and biological activity. Inorg Chim Acta 
2005;358:1785-97.

18.	 Rice LB. Unmet medical needs in antibacterial therapy. Biochem 
Pharmacol 2006;71(7):991-5.

19.	 Petrucci RH, Harwood WS, Herring GE, Madura J. General Chemistry 
Principles & Modern Applications. New Jersey: Prentice Hall; 2007.

20.	 Tony C. Instant notes in inorganic chemistry. Oxford, UK: Taylor & 
Francis; 2004.

21.	 Libraries, Association, Williams R, Silva J. Bringing Chemistry to Life. 
Oxford, UK: Oxford University Press, USA; 1999.

22.	 Nagham MA, Hayfaa J, Huda S, Noor D, Fatima A, Nemah M. 
Preparation and investigation of various monomers and studying of the 
behavior (thermal, physical, spectral, chromatography). Bull Environ 
Pharmacol Life Sci 2016;5:9.


