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ABSTRACT

As we know spectroscopy studying is one the most important subjects in Chemistry. One of the most important
types of spectroscopy measurements to indicate the structural properties such as type and number of atoms is
NMR study. For this mean, we need to synthesis of new compounds and we should try for studying their
spectroscopy properties. Herein, we report the synthesis of a new macroacyclic Schiff base ligand (HsL) obtained
from the condensation reaction of 2-[3-(formylphenoxy)-2-hydroxy propoxy] benzaldehydewith 2-aminophenol
and characterized with IR, *H NMR and 3C NMR spectrometry. The related metal complexes of Cd(lI) and
Zn(ll) are prepared with above ligand and characterized by **C,'HNMR, IR and elemental analysis spectroscopy
methods. The spectroscopy studying of the prepared compounds in this paper shows that all of them are pure.
In addition, the microanalysis results show that the phenolic groups coordinated to the metal ions as OH and the
proton hasn’t separated.In thetH NMR spectrum of the cadmium complex signal of the imine proton has two
satellite peaks with intensities in 1:6:1 due to the coupling with neighboring **Cd NMR spectroscopy.
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1. Introduction

Compounds with the structure of —C=N— (azomethine group) are known
as Schiff bases, which are synthesized from the condensation of primary
amines and carbonyl groups [1, 2]. During the last few decades there has
been great interest in synthesis of new Schiff base ligands and their
coordination chemistry. This interest comes from the fact that Schiff base
ligands and their complexes show remarkable biological activities including
antibacterial, tumor, fungal, microbial, oxidant, cancer, diabetic, analgesic, and
anti-HIV properties [3-21]. The azomethine linkage in Schiff base is
responsible for the antimicrobial activity and several studies have shown that
the presence of lone pair electrons in a sp?-hybridized orbital of nitrogen atom
of the azomethine group plays a significant chemical and biological role [22].
A very large number of coordination compounds with the diamine Schiff base
ligand and its substituted derivatives have been reported [24, 25]. The chelating
structures, moderate electron donation and easy tunable electronic and steric
effects proved Schiff bases as versatile ligands capable of stabilizing different
metals in various oxidation states with unusual structural features and
controlling the performance of metals in variety of useful catalytic
transformations [23, 26]. Schiff bases have been extensively employed in the
understanding of molecular processes occurring in biochemistry, materials
science, hydrometallurgy, catalysis and separation phenomena [23, 27, 28].
Schiff bases are considered as a very important class of organic compounds,
having wide applications in many biological aspects, proteins, visual pigments,
enzymicaldolization and decarboxylation reactions. In the recent years, there
are some different reports about the macrocyclic, macroacyclic, cocrystals and
other different complexes of Schiff base complexes. In addition to the
biological, antitomoric, anticancer and other useful properties of Schiff base
complexes, the studying of their structures is very interesting and there are
some of good reviews in this field. In this paper we report the synthesis and
characterization of a new macroacyclic Schiff base ligand and related complex
of Cd(ll) and Zn(ll) metal ions. A new macroacyclic Schiff base ligand is
characterized by IR, *H NMR and *C NMR spectrometry and their complexes
are characterized by IR, conductivity measurements and elemental analysis in
all cases. In the case of Cd(Il) and Zn(ll)complexes,*H NMR and **C NMR
spectroscopies are also used for identification in addition to the mentioned
methods. Furthermore, we have been interested in the synthesis of Schiff base
complexes [29-32] and 1H NMR spectra of Cd(ll) Schiff base complexes and
the 1H-111/113Cd coupling constants in these [33-35].

2. Experimental

2.1 Materials and measurements

All the reagents and solvents used in the synthesis were procured commercially
and used without subsequent purification. The FT-IR spectra were recorded on
a STOE IPDS-II spectrometer (400-4000 cm™) in KBr pellets. NMR spectra
were measured on Bruker DPX 300 and 400 spectrometers.

2-2. Synthesis of Schiff-base ligand (HsL)

2-aminophenol (4 mmol) was dissolved in 20 ml of absolute ethanol and added
slowly to a stirred solution of 2-[3-(formylphenoxy)-2-hydroxy propoxy]
benzaldehyde(2mmol) in 30 ml of absolute ethanol at 65°C temperature. The
color immediately changed to red. The mixture was then stirred for 2h at 65°C
temperature before removal of solvent under vacuum.Yield: 81%, m.p. 74-76.
Anal. Calc. for CH»N,Os: C, 72.18; H, 5.43; N, 5.81. Found: C, 71.97; H,
5.38; N, 5.49%. IR (KBr, cm™): 1619, (vC=N Schiff base), 3391, (v O-H).*H
NMR (CDCl3, ppm, 300 MHz,): 9.09 (s, 2H, HC=N); 6.88-8.12 (m, 16H, ArH)
: 457 (m, 1H, CH); 4.34 (d, 4H, 2CH,). *C NMR (CDCls, ppm, 300 MHz,):
68.73, 69.76, 112.82, 115.06, 116.17, 120.15, 121.80, 124.80, 128.39, 130.40,
133.10, 136.35, 152.18, 153.25 and 158.40 (Scheme 1).
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Scheme 1.The synthetic route of macroacyclic HsL.
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2-3. Synthesis of complex [Cd (HsL)(NO3)] ClO4, 1.
HsL (0.97 g, 0.20mmol) and Cd(NOs),.4H,0 (0.046 g, 0.15 mmol) were mixed
and heated under reflux for 30 min in ethanol (15 ml). After that NaClO4.H,O

(0.042 g, 0.30 mmol) was added and stirred for 10 min then cooled at 0 °C. The
solution was filtered and the filtrate was reduced to ca 10 cm?®. A White-colored
purified powder was obtained by slow diffusion of Et,O vapor into this
solution. Yield: 69%. Anal. Calc. for C,HsCdCIN;O12: C, 46.05; H, 3.46; N,
5.56. Found: C, 45.87; H, 3.39; N, 5.61%. IR (KBr, cm™): 1644, (vC=N Schiff
base), 3429, (v O-H), 1245, (vC-O). 'H NMR (DMSO-ds, ppm, 300 MHz,):
4.30 (d, 4H, 2 CHy); 4.47 (m, H, CH); 6.37-8.22 (m, 16H, ArH); 9.00; (s, 2H,
HC=N) with two satellite peaks in the ratio 1:6:1 relative to the main signal 3J
(11Y113 Cd- tH) for cation. *C NMR (DMSO-ds, ppm, 300 MHz,): 67.29, 70.01,
112.89, 114.42, 116.44, 119.49, 120.78, 124.58, 127.52, 129.99, 132.85,
136.37, 154.51, 156.31 and 158.47 (Scheme 2).
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Scheme 2.The synthetic rout of complexes of ligand HsL

2-4 .Synthesis of complex [Zn H3L] (Cl04)2, 2.

H3L (0.97 g, 0.15 mmol) and ZnCI2.6H20 (0.037 g, 0.15 mmol) were mixed
and heated under reflux for 30 min in ethanol (15 ml). After this, NaClO4.H20
(0.042 g, 0.30 mmol) was added and stirred for 10 min then cooled at 0 °C. The
solution was filtered and the filtrate was reduced to ca 10 cm3. A yellow-
colored purified powder was obtained by slow diffusion of Et20 vapor into this
solution. Yield: 54%. Anal. Calc. for C29H26ZnCI2N2013: C, 46.64; H, 3.51;
N, 3.75. Found: C, 46.37; H, 3.16; N, 3.55%. IR (KBr, cm-1): 1646, (vC=N
Schiff base), 3421, (v O-H),1247, (vC-0). 1H NMR (DMSO-d6, ppm, 300
MHz,): 4.31 (d, 4H, 2 CH2); 4.43 (m, H, CH); 6.38-8.21 (m, 16H, ArH); 9.00;
(s, 2H, HC=N) (Scheme 4).13C NMR (DMSO-d6, ppm, 300 MHz,): 67.23,
69.94,112.90, 115.89, 118.18, 119.49, 120.78, 124.53, 127.09, 127.53, 132.87,
138.60, 154.50, 157.16 and 158.46 (Scheme 5).

3 .Results and discussion

3-1 Synthesis and characterization

The complexes 1 and 2 (see Scheme 2) are synthesized from the condensation
reaction of  2-aminophenol  with  2-[3-(formylphenoxy)-2-hydroxy
propoxy]benzaldehyde in the presence of Cd(ll) and Zn(Il) metal ions. The
resulting compounds are characterized by IR, elemental analysis and
13C,1HNMR. Condensation of all the primary amino groups is confirmed by
the lack of N-H stretching bands in the IR spectra (3150-3450 cm-1) and the
presence of strong C=N (Schiffbase) stretching bands at 1644-1646 cm-1
respectively. A broad intense band at ca. 1100 cm-1 for all complexes due to
ClO-4 shows no splitting, indicating the absence of coordination of CIO-4 in

all compounds.

3-2 NMR studies

The structure of Schiff base ligand (H3L) obtained from the condensation
reaction of 2-[3-(formylphenoxy)-2-hydroxy propoxy]benzaldehydewith 2-
aminophenol and characterized and results of NMR measurement of ligand,
cadmium and zinc complexes are presented in Schemes 1 and 2. The NMR
study of Schiff base ligand is completely consistent with its formulation. The
1H-NMR spectra of the cadmium (Figure 1, a) and zinc (Figure 1, b)
compounds 1 and 2 are consistent with formation of fully condensed Schiff
base complexes. The 13C NMR spectra of complexes 1 (Figure 2, a) and 2
(Figure 2, b) show two distinct carbon peaks in the aliphatic region,
respectively. The 1H NMR spectra of these complexes show two signals due to
the aliphatic protons. Naturally occurring cadmium (48Cd) is composed of 8
isotopes. For two of them, natural radioactivity was observed, and three others
are predicted to be radioactive but their decays were never observed, due to
extremely long half-life times. The two natural radioactive isotopes are 113Cd
(beta decay, half-life is 8.04 x 1015 years) and 116Cd (two-neutrino double
beta decay, half-life is 2.8 x 1019 years). The other three are 106Cd, 108Cd
(double electron capture), and 114Cd (double beta decay); only lower limits on
their half-life times have been set. At least three isotopes 110Cd, 111Cd, and
112Cd are absolutely stable (except, theoretically, to spontaneous fission).
Among the isotopes absent in the natural cadmium, the most long-lived are
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109Cd with a half-life of 462.6 days, and 115Cd with a half-life of 53.46 hours.
All of the remaining radioactive isotopes have half-lives that are less than 2.5
hours and the majority of these have half-lives that are less than 5 minutes. This
element also has 8 known meta states with the most stable being 113mCd (t1/2
14.1 years), 115mCd (t1/2 44.6 days) and 117mCd (t1/2 3.36 hours).The known
isotopes of cadmium range in atomic mass from 94.950 u (95Cd) to 131.946 u
(132Cd). The primary decay mode before the second most abundant stable
isotope, 112Cd, is electron capture and the primary modes after are beta
emission and electron capture. The primary decay product before 112Cd is
element 47 (silver) and the primary product after is element 49 (indium).In
addition to the above observations the 1H NMR spectra of the cadmium
complex show that the signal corresponding to the imine-proton displays two
satellite peaks (3J = 41.2 Hz for the cation [CdH3L (NO3)] + in compound 1)
with intensities in the ratio 1:6: Figure 1, a) due to coupling with the
neighboring111/113Cd nucleus (111Cd, 12.50; 113Cd, 12.50%). The very
similar magnetogyric ratios of 113Cd and 111Cd, -5.93303 and -5.6720 x 10-
Trad/Ts, respectively, leads to satellite overlap at the collection frequency. As
can be seen in (Figure 1, a), there is CH=N resonance appearing at 9.004 ppm,

with expected satellites in this case.

The carbon signals in DMSO solution have been assigned. The scalar coupling
constants of cadmium atoms with proton and carbon atoms were measured
from satellite lines observed in standard spectra. The most valuable spectral
parameters in terms of hydrogen bond structure elucidation are chemical shifts
of imine nitrogen atom and carbon atom in the assigned position. To state the
presence of intramolecular H-bond the significant low field shift of potentially
OH proton signal is e very good evidence, but to define the structure of H-
bridge it is necessary to check the other spectral parameters. Analyzing those
parameters we can state that the H3L in DMSO solution exist as OH form with

intramolecular hydrogen.

Electronic effect seems to bethe minor one since the methyl group is considered
as weak electro-donor substituent. Quite different structure of methyl derivative
in the solid state suggests the presence of strong steric effect, which twists the

imine group out of naphthalene ring plane making proton transfer impossible .
As we know, in this type of ligands there is proton transfer, in that, proton

transfer will be taken between imine group and hydroxyl .

The first evidence that some interaction with Cd2+ salt takes place is
disappearance of low field OH signals in proton spectrum. The structure of
cadmium complexes in solution can be determined by analysis of carbon,
nitrogen and cadmium-111 chemical shifts and some heteronuclear couplings
with cadmium atoms. The comparison of NMR data of Cd(H3L) and other
previous synthesized Cd(ll) complexes leads to the conclusion that
complexation of cadmium ion is weaker in Cd(H3L) compound [33, 34]. The
cadmium ion position in the complex can be confirmed by analysis of cadmium
couplings observed in the spectra. In proton spectra we have measured
cadmium coupling constants only some poroton atoms (three bond couplings).
It is in good agreement with literature data [33-35], where 3-bond couplings
usually are bigger then 2-bond interactions. It is also very interesting that we
were able to record two couplings on C-1 atom, they are derived from two
cadmium isotopes 111Cd and 113Cd present in natural cadmium. The
abundances of both isotopes are almost equal so we can assign their coupling
by satellite line intensity. The bigger value should be assigned to 113Cd isotope
which has bigger giromagnetic moment. On the other positions we do not
observe double splitting, probably due to bigger line widths and smaller
differences in couplings values. The analysis of cadmium couplings confirms
very clearly the mentioned earlier position of metal atom in the molecule.
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Figure 2. 3C NMR of cadmium (a) and zinc complexes (b)
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4. Conclusion

A new Schiff base ligand, HsL derived from 2-[3-(formylphenoxy)-2-hydroxy
propoxy]benzaldehyde have been synthesized and characterized.The related
metal complexes of Cd(ll) and Zn(ll) are prepared with above ligand and
characterized by *C,!HNMR, IR and elemental analysis spectroscopy methods.
In the *H NMR spectrum of the cadmium complex signal of the imine proton
has two satellite peaks with intensities in 1:6:1 due to the coupling with
neighboring **Cd NMR spectroscopy.
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