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Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, 
physicochemical characterization and biological evaluation
Duaa S. Abaas and Mohamad J. Al-Jeboori*

Abstract: The work covers the formation of the bisaldehyde ligand 2,2'-[ethane-1,2diylbis(oxy)] dibenzaldehyde (M) and 
its metal complexes. The synthesis of M was achieved via two steps in which two equivalents of the salicylaldehyde were 
reacted with KOH in an ethanolic medium. Subsequently, the resulting compound dissolved in DMF and one equivalent 
of 1,2-dibromoethane was added. Adding an ethanolic solution of metal chloride of a range of metal ions to the ligand 
in a 1:1 (M:L) mole ratio resulted in preparing a new five monomeric complexes. The entity of the isolated structure for 
the prepared compounds was confirmed using physicochemical methods (FT-IR, electronic spectroscopy, mass and 1H, 
13C-NMR spectra, elemental microanalysis, magnetic susceptibility and molar conductance). The characterization data 
indicated the isolation of six and four-coordinate monomeric complexes with the general formula; [Cr(M)(Cl)2(H2O)2]Cl, 
[M(M)(Cl)2].H2O (where M= Fe(II), Co(II) and Cu(II)) and [Ni(M)]Cl2.H2O. The anti-microbiological activity of the title compounds 
(ligand and complexes) was tested against various bacterial and fungal microorganisms. The acquired data revealed that 
the metal complexes became potentially more active than the M.
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Introduction
The current interests in forming bis-functionalized com-

pounds are due to their wide range of uses in organic and 
inorganic chemistry, biology and industry1,2. These materials 
are fascinating precursors employed as building blocks in 
supramolecule and nanotechnology2,3. Aromatic aldehydes 
are natural product species classified as essential com-
pounds due to their uses in the fragrance and cosmetics 
industries, food technology, medicine, and pharmaceuti-
cals4,5. Further, the condensation reaction of these species, 
the bisaldehyde compounds, with a primary amine segment 
resulted in the preparation of the Schiff base. Compounds 
that are derived from bis-functionalized starting materials, 
in particular, 2,2'-[ethane-1,2diylbis(oxy)]dibenzaldehyde 
(EDD) precursor, are interesting organic species that are 
used in the formation of Schiff-bases. The formation of the 
EDD is based on the reaction of the dibromoalkyl with the 
salicylaldehyde in the presence of an alkali medium. Several 
condition reactions were implemented to form the EDD pre-
cursor to optimize yield, solvent and other reaction factors; 
schiff bases derived from the EDD were used as comple-
xation agents and a range of metal complexes were repor-
ted6. Recently, we reported the isolation of complexes deri-
ved from Mannich bases in which carbonyl oxygen moiety 
of the cyclohexanone segment is involved in coordinating 
with the metal centers7,8. However, to our knowledge, there 
are no published reports on using EDD as a complexation 
agent. Therefore, the current work intends to explore the 
potential ability of EDD as a complexation agent in which 
carbonyl oxygen of the bisaldehyde moieties is involved in 
the coordination with the metal center. The preparation of 
2,2'-[ethane-1,2diylbis(oxy)]dibenzaldehyde (EDD) with a 

modification procedure to that reported previously9 and the 
formation of a range of monomeric complexes derived from 
EDD are reported. Further, this study explores the comple-
xation effect on the antimicrobial activity on the free bisalde-
hyde ligand upon coordination with the mental center.

Materials and methods 
The organic and inorganic materials used in this work 

were commercially available and were used as received. 
The FTIR spectra of compounds were recorded using KBr 
and CsI discs from 4000–250 cm-1 on a Shimadzu Fourier 
Transform Infrared Spectrometer (FTIR-600). The mass 
spectrum for the ligand was determined using the elec-
trospray method (positive mode) with the Agilent mass 
spectrometer Sciex ESI mass analysis. The ligand's 1H- 
and 13C-NMR spectra were recorded in DMSO-d6 with a 
Brucker-500 MHz. For the 1H-NMR study, tetramethylsi-
lane (TMS) was used as an internal standard to measure 
chemical shifts. A Shimadzu UV-160 spectrophotometer 
was used to analyze the electronic spectra of compounds 
from 200–1000 nm for 10-3 M solutions in DMSO at ambient 
temperature. An electrothermal Stuart apparatus, model 
SMP40, was used to determine melting points. Elemental 
analyses (CHN) for the ligand and their metal complexes 
were performed using EuroEA 3000 machine. A Shimadzu 
(AA) 680G atomic absorption spectrophotometer and a po-
tentiometric titration technique on a 686-nitro processor-665 
Dosimat-Metrom Swiss were used to determine metal and 
chloride percentages for compounds, respectively. The 
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magnetic moments were performed on a Sherwood Scienti-
fic Devised at 308 K. A Eutech Instruments Cyberscan con 
510 digital conductivity meter was used to measure molar 
conductance for complexes.

Synthesis

Synthesis of 2,2′-(Ethane-1,2-diylbis(oxy))dibenzaldehyde (M)
The formation of M was based on a published me-

thod9 with a modification and as follows: To an ethanolic 
solution of KOH (0.56g, 10mmol) in 15ml of absolute EtOH 
was added with stirring a mixture of salicylaldehyde (1.22g, 
10mmol) in EtOH (5ml). The reaction mixture was allowed 
to reflux until a clear solution was obtained, and then the 
solvent was removed under reduced pressure to give a pale 
green solid. 10ml of DMF was added to the solid, and the 
mixture was heated at 100°C for 10min. Subsequently, a 
mixture of 1,2-dibromoethane (0.94g, 5 mmol) in DMF (5 ml) 
was added with stirring. The resulting mixture was allowed 
to reflux for 30min and stirred at room temperature, then 
distilled water was added. The mixture was allowed to stir 
for 2h, and the formed brown solid was collected by filtration 
and washed with a copious amount of water. The compound 
was recrystallized from hot ethanol, and bright brown crys-
tals were collected by filtration that was kept in the air to dry. 
Yield: 2.4g (88%), m.p = 118 - 120°C. M.wt=270 amu. FT-IR 
(KBr) cm-1; 1685 and 1666 ν(C=O)ald, 1242 ν(C-O-C) and 
1597 ν(C=C)cm-1.

Synthesis of complexes
The metal complexes were prepared following an ana-

log procedure. Therefore, the formation of [Cr(M)(Cl)2(H2O)2]
Cl is reported as a model for the preparation of complexes 
and as follows: To a stirring solution of the bisaldehyde li-
gand (0.10g, 0.37mmol) in 10ml of a hot mixture of DMF and 
ethanol with an 8:2 (v:v) ratio has added a solution of chro-
mium(III) chloride hexahydrate (0.10g, 0.37mmol) dropwise 
in 10ml of ethanol. The resulting mixture was heated by sti-
rring at 70oC for 4h. The brownish-red solid that formed was 
collected by filtration, washed with diethyl ether (5ml) and 
dried in air. Yield: 0.122g (76%), m.p = 250-248oC. Table 1 
includes elemental analytical data, colors, and products of 
complexes. Tables 2 and 3 show the FT-IR and electronic 
data of complexes, respectively.

Biological activity measurement
The evaluation of ligand and its metal complexes 

against four bacterial species (Escherichia coli, Pseudomo-
nas aeruginosa, Staphylococcus aureus and Bacillus subti-
lis) and two types of fungi (Candida albicaus and Rhizopus 
sporium) were performed using agar-well diffusion10. In this 
method, the wells were dug in the media with the help of a 
sterile metallic borer with centers of a diameter of at least 6 
mm. The recommended concentration (100 μL) of the 1 mg/

mL test sample in DMSO was introduced in the respective 
wells. The plates were incubated immediately at 37°C for 
24h. The activity was evaluated by measuring the diameter 
of inhibition zones (mm). The samples were performed at 
the Central Service Laboratory / Ministry of Science and Te-
chnology / Baghdad / Iraq.  

Results and discussion
The synthesis of the ligand (M), 2,2'-[ethane-1,2di-

ylbis(oxy)] dibenzaldehyde, and its metal complexes are 
reported. The ligand was prepared with modification in a 
two-step. These include the reaction of salicylaldehyde with 
KOH in an ethanolic medium. After removing the solvent 
under vacuum, 1,2-dibromoethane in DMF medium was ad-
ded and allowed to heat at reflux for 2h. The reaction mix-
ture was allowed to stir at RT, and a precipitate was formed 
by adding distilled water. The title compound was collected 
by filtration and then recrystallized from EtOH to give M an 
excellent yield, Figure 1. The ligand (M) is a potentially te-
tradentate species that consist of two carbonyl oxygen-al-
dehydes and two oxygen-ether donor atoms. The reaction 
of M with metal chlorides of Cr(III), Fe(II), Co(II), Ni(II) and Cu(II) in 
a 1:1 (L:M) mole ratio using a mixture of EtOH/DMF in a 2:8 
ratio at reflux gave the required complexes, Figure 2. The 
complexation reaction is solvent and temperature-depen-
dent, and unidentified residues were obtained upon using 
different solvents or temperatures. The obtained data indi-
cated the formation of six-coordinate monomeric complexes 
(bar [Ni(M)]Cl2.H2O that gave a four-coordinate monomeric 
complex). A variety of physicochemical tools were used to 
characterize the isolated compounds (ligand and comple-
xes). These include; 1H, 13C-NMR and mass spectroscopy 
(for ligand), micro-elemental studies and metal and chlori-
de ratio (Table 1), FT-IR (Table 2) and UV-Vis spectrosco-
py (Table 3). The isolation of electrolyte complexes ([Cr(M)
(Cl)2(H2O)2]Cl and [Ni(M)]Cl2.H2O) and nonelectrolyte com-
plexes of the general formula [M(M)(Cl)2].H2O (where M= 
Fe(II), Co(II) and Cu(II)) was determined by measuring their 
conductance in DMSO solutions, Table 3.

FT-IR data of  bisaldehyde
The FT-IR spectrum of M, Figure 3, indicated two bands 

at 1685 and 1666 cm-1, which are due to the ν(C=O) group, 
compared with that at 1695 cm-1 for the ν(C=O) group of 
the salicylaldehyde. The appearance of two peaks indica-
tes the two carbonyl groups are non-equivalent. The spec-
trum showed no peak around ca. 3200 and 600 cm-1 may 
be attributed to the ν(OH) and ν(C-Br) groups11 indicating 
the involvement of the O-H and the C-Br in the formation of 
the ether group. This was confirmed by the appearance of 
a band at 1242.16 cm-1 assigned to ν(C-O-C) stretching of 
the ether group11,12.
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Figure 1. Preparation route and reaction conditions of the bisaldehyde ligand (M).
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NMR and mass spectra of the bisaldehyde ligand
The 1H- and 13C-NMR of M were acquired in DMSO-d6 

on a Brucker-500 MHz machine. The assignment of peaks 
is based on the numbering fashion reported in Figure 1). 
The 1H NMR spectrum of 2,2'-(ethane-1,2diylbis(oxy))di-
benzaldehyde with an expansion of the aromatic region is 
shown in Figure 4. The spectrum showed several signals 
between 10.29-7.08 ppm in the aromatic region. The sin-
glet peak at 10.29 ppm, equivalent to two protons, is related 
to (2H, s, C8,8`-H). The multiple chemical shift at 7.68-7.65 
ppm is equivalent to four protons attributed to (4H, m, C6,6; 
4,4`-H). A doublet peak at 7.34-7.32 ppm is equivalent to two 
protons attributed to (2H, d, C3,3,-H J = 8.2 Hz). The triplet 
peak at 7.11-7.08 ppm that equivalent to two protons as-
signed to (2H, t, C5,5`-H `, J = 7.45, 7.50 Hz). The chemical 

shift related to the ethylene group was detected as a singlet 
at 4.58 ppm (4H, s, H1,1`). The spectrum recorded signals 
at ca. 2.50 and 3.33 ppm related to the DMSO-d6 and the 
traces of water in the NMR solvent, respectively. The 13C 
NMR spectrum of M in the DMSO-d6 solution is placed in 
Figure 5. The spectrum indicated the correct resonances 
for the compound. Resonance related to the carbonyl group 
assigned to C8,8- appeared as a two signal at δc = 188.70 
and 188.68 ppm. The appearance of two signals indicated 
that the two C=O groups are slightly inequivalent in solution. 
This follows the FT-IR data, Figure 3, in which the two car-
bonyl groups are also inequivalent in the solid state. Signal 
related to C2,2` appeared at δc = 160.39 ppm. Resonances 
correlated to C4,4`, C6,6- C5,5- C7,7- and C3,3- were observed 
at 135.94, 127.13, 124.11, 120.70 and 113.76 ppm, respec-

Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, physicochemical characterization and biological evaluation

Figure 2. Synthesis route of monomeric complexes.

Table 1. The physical properties and elemental analyses of M and its complexes.
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tively. The two methylene groups, O-C1,1-, appeared to be 
equivalent and were detected at 67.00 ppm.

The electrospray (+) mass spectrum of M, Figure 6, 
reveals the parent ion peak at m/z=270.1 amu (18.22%). 
This peak is related to (M)+, calculated at 270.09 amu for 
C16H14O4. Peaks detected at m/z = 240.2 (4.52%), 197.1 
(7.56%), 149.2 (70.55%),121.2 (100.0%), 105.1 (16.20%), 
77.2 (48.10%) and 65.2 (40.56%) related to [M-(C15H12O3)]+, 
[M-(C13H9O2)]+, [M-(C9H9O2)]+, [M-(C7H5O2)]+, [M-(C7H5O)]+, 
[M-(C6H5)]+ and [M-(C5H5)]+, respectively. The assignment 
of the successive fragmentation ions of the compound, 
along with their relative abundance, is shown in Figure 7.

FT- IR spectra of complexes
The FT-IR spectral data of the distinct bands for 1, 2, 

3, 4, and 5 are placed in Table 2. The spectra of complexes 
were compared with the spectrum of the ligand (M) which 
indicated the involvement of the oxygen moieties, carbonyl 
oxygen-aldehydes and/or oxygen-ethers in coordination with 
the metal center. Bands related to the ν(C=O) of the carbon-
yl have suffered a higher shift in complex 4 and appeared at 
1687 and 1670 cm-1, compared with that of M at 1685 and 
1666 cm-1. However, this band was shifted by 4-47 cm-1 to a 
lower frequency in complexes 1, 2, 3, 4 and 5 and appeared 
at 1680;1654, 1651;1612, 1685;1662, 1687;1670 and 1643 
cm-1, respectively. The shift of the carbonyl bands is related 
to the involvement of these moieties in the coordination with 
the metal center12,13. Further, the spectra showed the two 
coordinated carbonyl groups are non-equivalent (except 
that for the Cu(II)-complex). The ν(C-O-C) ether of the M 
that was detected at 1242 cm-1 has shifted to a higher wa-
venumber by 4-54 cm-1 and appeared at 1253, 1253 and 
1249 cm-1 in complexes 2, 4 and 5, respectively11,14. Howe-
ver, in complex 3, the ether band was moved to a lower 
wavenumber and appeared at 1238 cm-1. More, in complex 
1 there was no change in the frequency of the ν(C-O-C) 
ether group, which confirms the chromium(III) ion was not 

bound to oxygen ether. The shifting of the oxygen ether seg-
ment may contribute to the oxygen atoms' involvement in 
the coordination with the metal center11,14. The spectra of 
metal complexes revealed additional bands between 600-
200 cm-1 that were not presented in the M spectrum. Bands 
that are related to ν(M-O) carbonyl were detected at 532, 
520, 509, 532 and 509 cm-1 for ν(Cr-O), ν(Fe-O), ν(Co-O), 
ν(Ni-O) and ν(Cu-O), respectively 15,19,20. The ν(M-O) for 
the oxygen ether bands related to ν(Fe-O), ν(Co-O), ν(Ni-O) 
and ν(Cu-O) were detected at 574, 532, 582 and 578 cm-1, 
respectively11,15. The FT-IR spectra revealed bands that be-
long to ν(Cr-Cl), ν(Fe-Cl), ν(Co-Cl) and ν(Cu-Cl) at 243;252, 
241;248, 262;283 and 235;246 cm-1, respectively16. Finally, 
peaks were detected at 3321, 3491, 3444, 3329 and 3471 
cm-1 in the complexes of Cr(III), Fe(II), Co(II), Ni(II) and Cu(II), 
respectively, were correlated to aqua water molecules. In 
complex 1, a band that was detected at 756 cm-1 is related 
to ν(Cr-O)17.

Electronic spectra and magnetic moment measurements
The electronic absorption spectra of M, Figure 8, and 

its complexes were determined in DMSO solutions (con. = 
1 x 10-3 M). The UV-Vis spectra of Cr(III), Fe(II), Co(II), Ni(II) 
and Cu(II) complexes indicated peaks around 263-265 nm 
related to π→π* and n→π* (ligand field transitions), Table 
3. The spectra of 1, 2, 3, 4 and 5 showed an extra peak of 
about ca.315 nm assigned to charge transfer (CT) 16-18. In 
the d-d region of the Cr(III) complex (Figure 9), bands at 435 
and 633 nm correlated to 4A2g(F)→4T1g and 4A2g(F)→4T-
2g(F), respectively indicating a distorted octahedral geo-
metry about the metal center19. The Fe(II) complex revealed 
peaks,  at 833, 889 and 977 nm correlated to 5T2g→2Eg, in-
dicating an octahedral shape around the core atom20. Peaks 
at 615 and 677 nm in the spectrum of Co(II) are referred to 
4T1g(F) → 4A2g(F) and 4T1g(F) → 4A2g(F), respectively con-
firming a distorted octahedral geometry around the metal 
center21,22. In the Ni(II)complex (Figure 10), peaks at 619, 652 

Figure 3. The FT-IR spectrum of the bisaldehyde ligand (M).

Duaa S. Abaas and Mohamad J. Al-Jeboori
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Figure 4. 1H-NMR spectrum of M in DMSO-d6.

Figure 5. 13C-NMR spectrum of M in DMSO-d6 solution.

and 692 nm attributed to 3T1(F)→ 3A2(F), 3T1(F)→ 3A2(F) and 
3T1(F)→ 3T1(P) that supported a distorted tetrahedral geo-
metry around the metal center23. The broad peak at 645 nm 
in the spectrum of Cu(II) is referred to 2B1g→ 2B2g confirming 
a distorted octahedral geometry around the metal center24. 
The magnetic value is an essential factor for the characteri-
sation of complexes, as it may be linked to the shape adop-
ted by ligands around the metal center. For Cr(III), Fe(II), Co(II), 
Ni(II) and Cu(II) complexes, the obtained magnetic moment 

was determined to be 3.74, 4.22, 4.35, 4.55 and 2.16 BM, 
respectively. These values matched the total of the spin's 
moment, indicating a weak field with sp3d2 and sp3 hybridi-
zation of complexes. Therefore, Cr(III), Fe(II), Co(II) and Cu(II) 

complexes adopted a distorted octahedral geometry. Howe-
ver, the Ni(II) complex adopts a tetrahedral24.

Biological activity
The prepared ligand and its metal complexes with Cr(III), 

Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, physicochemical characterization and biological evaluation
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Fe(II), Co(II), Ni(II) and Cu(II) ions were tested against two mi-
crobial strains; G-positive (Staphylococcus aureus, Bacillus 
subtilis), as well as G-negative (Escherichia coli, Pseudo-
monas auroginosa). The examined bacteria in this study 
infect humans' urinary and respiratory tracts, and they are 
among the most dangerous and lethal pathogens discove-
red in surgical operating rooms. Further, two types of fungus 
that affect humans were investigated (Candida albicans and 
Rhizopus sporium)8,17. The collected data is presented in Fi-
gure 11 and Table 4. According to the obtained results, the 
title compounds exhibit varied antibacterial action against 
microorganisms. The zone of inhibition ability of compounds 
was compared with Cefotaxime (100 μg/mL) used as an 
antibacterial standard. The following essential points are 
drawn from the gathered data that is given in the Tables:

1-     All complexes showed activity against positive and 
negative bacteria.

2-     Experimental data indicated the complexes be-
came more active compared with M. Further, the prepared 
compounds indicated higher activity compared with cefota-
xime.

3-     Based on the experimental information, iron and 
cobalt complexes show higher microbiological activity 
against strains of  (Escherichia coli) bacterial, whereas the 
nickel complex is less effective against (Escherichia coli). 
This may attribute to the influence of the cationic nature and 
the tetrahedral geometry of the nickel complex, compared 
with the neutral six-coordinate ion and cobalt complexes.

The antifungal activity of M and its metal complexes 
were tested against two types of fungi. The role of DMSO 
in the biological screening was concluded separately using 
the solutions of DMSO alone, which showed no activity 
towards fungal species8,17. Fungi activity data against tested 
compounds are shown in Figure 12 and Table 4 and placed 
in. The following conclusions have been pointed out;

1-     The M and its complexes generally showed good 
results against the rhizopus sporium, compared with fungi 
Candida albicans.

2-     The Cr(III), Co(II) and Ni(II) -complex indicated the 
highest inhibition activity against Rhizopus sporium.

3-     3- Complexes of Cr(III) and Cu(II)) showed the lowest 
anti-fungal activity against Candida albicans.

Conclusions
The synthesis and characterization of a bisaldehyde 

ligand (M) and its new metal complexes are reported. The 
tetradentate ligand, which consists of two carbonyl-oxygen 
and two ether-oxygen donor atoms, was prepared in a two-
step. The reaction of the ligand with Cr(III), Fe(II), Co(II), Ni(II) 
and Cu(II) metal ions in a 1:1 (L:M) mole ratio resulted in the 
isolation of monomeric complexes. The chemical structu-
re of compounds and the overall bonding behavior of the 
complexes was confirmed through physicochemical techni-
ques. The characterization data confirmed the isolation of 
six-coordinate monomeric complexes of the general formu-
la; [Cr(M)(Cl)2(H2O)2]Cl, [M(M)(Cl)2].H2O (where M= Fe(II), 
Co(II) and Cu(II)) and four-coordinate complex of the general 
formula [Ni(M)]Cl2.H2O. The biological activity of the ligand 
and its complexes against bacterial species and fungi pa-
thogens were also tested. Generally, the bisaldehyd com-
plexes showed more activity compared with the free ligand

Author Contributions
Duaa S. Abaas: Performed All Experiments, Data Cu-

ration, and manuscript Writing. Mohamad J. Al-Jeboori: Su-
pervision, Methodology, Project Administration, Conceived 
the Experimental Plan, Analysed the Data, Writing- Original 
draft, Writing- Reviewing and Editing. 

Acknowledgments
The authors are grateful to the University of Baghdad, 

College of Education for Pure Science (Ibn Al-Haitham) and 
Department of Chemistry for providing Ms DSA with the 
MSc studentship and labs facilities.

Figure 6. The electrospray (+) mass spectrum of M.

Duaa S. Abaas and Mohamad J. Al-Jeboori
Volume 8 / Issue 2 / 18     •     http://www.revistabionatura.com



7

Figure 7. The fragmentation pattern and relative abundance of M.

Table 2. The Infrared spectrum of the complexes prepared from (M).

Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, physicochemical characterization and biological evaluation
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Figure 8. 
E l e c t r o n i c 
spectrum of 
the ligand (M) 
in DMSO sol-
vent.

Figure 9. 
E l e c t r o n i c 
s p e c t r u m 
of [Cr(M)
(Cl)2(H2O)2]
Cl in DMSO 
solvent.

Figure 10. 
E l e c t r o n i c 
spectrum of 
[ N i ( M ) ] C l 2 .
H2O in DMSO 
solvent.
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Table 3. Electronic spectral data and molar conductance for M complexes.

Figure 11. The inhibition zone diameter (mm) against bacterial species for M ligand and its complexes.

Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, physicochemical characterization and biological evaluation
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