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Synthesis, Characterization, Antimicrobial and Density
Functional Theory Studies of Metal Complexes of
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S. RADHA, K. K. MOTHILAL1*, A .THAMARAICHELVAN2 AND R. SHANMUGAM3
Department of Chemistry, Saiva Bhanu Kshatriya College, Aruppukottai-626 101, 1Department of Chemistry, Saraswathi
Narayanan College, Madurai-625 002, 2Chettinad Hospital and Research Institute, Chettinad Academy of Research
and Education, Chennai-603 103, 3National Centre for Catalysis Research, Indian Institute of Technology Madras,
Chennai-600 036, India

Radha et al.: Synthesis, antimicrobial, DFT studies, coumarin metal complexes
A series of three metal complexes of the 3-benzoyl-7-methoxycoumarin ligand have been synthesized
and characterized by elemental analyses, molar conductance, Fourier-transform infrared spectroscopy,
thermogravimetric analysis, electron paramagnetic resonance, proton nuclear magnetic resonance
spectroscopy and cyclic voltammetry techniques. The infra-red spectra of the ligand and its complexes
showed that the ligand behaved as a bidentate and confirmed the presence of nitrate ions in the coordination
sphere. Thermal stability of the complexes was studied using thermogravimetric and differential thermal
analysis, which supported the presence of nitrate ions in these complexes. All complexes exhibited an
octahedral geometry around the metal center. The redox property of the metal complexes was studied
cyclic voltametrically, which showed that all the complexes exhibited quasi-reversible nature. Antimicrobial
studies of these metal complexes and the ligand were conducted against Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa and Aspergillus niger and Candida albicans. Metal complexes exerted
greater antimicrobial activities compared to the ligand. The optimized structure of the zinc complex of
coumarin derivative was obtained using DFT/RB3LYP method with 6-311G++G (d,p) basis set. Density
functional theory calculations were performed for the determination of geometry structure and vibrational
assignments for the zinc complex.
Key words: Metal complex, 3-benzoyl-7-methoxycoumarin, thermogravimetry, cyclic voltammetry, DFT,
antimicrobial

Coumarin is a phytochemical compound[1] existing in
many plants such as Tonka bean, lavender, sweet clover
grass, liquorice, strawberries, apricots, cherries, and
cinnamon. Recently, coumarin derivatives are used to
prepare new drugs with low toxicity and are being used
as anticoagulants[2], antibacterial agents[3], antifungal
agents[4], biological inhibitors[5], chemotherapeutics[6,7]
and bioanalytical reagents[8]. These are useful
antioxidants and show antitumor activity[9] and
cytotoxicity[10-15]. Coumarin and its derivatives have
been studied extensively for complexation with metal
ions[16-23]. Coumarin derivatives are known to have good
complexing ability[24]. The formation of metal complexes
with coumarin plays an important role in the growth of
biological activity. Recently, it has been reported that
4-methyl-7-hydroxycoumarin complexes with several
metals might be applicable as anticoagulants and

spasmolytic agents[25,26]. Ferroquine, a metal complex,
can produce reactive oxygen species (ROS), which kill
the parasites resistant to chloroquine[27]. Luminescent
metal complexes show selective binding affinity
with specific DNA conformations[28]. Considerable
effort has now been given to the functionalization
of coumarin so that metal-coumarin complexes may
be synthesized towards the development of artificial
photosynthetic systems, chemical sensors, and
molecular level devices[29]. In the present study, three
metal complexes of 3-benzoyl-7-methoxycoumarin
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(L1) were synthesized and characterized using UV/
Vis, Fourier-transform infrared spectroscopy (FTIR),
thermal studies, proton nuclear magnetic resonance
spectroscopy (1HNMR), cyclic voltammetric analysis
and antimicrobial activities with the aim of studying the
nature of the chelating characteristics of the coumarin
ligand with the metals.

MATERIALS AND METHODS
Coumarin derivatives, 3-benzoyl-7-methoxycoumarin
and metal salts were purchased from Sigma Chemicals
Co. (USA) and were used as received. Antibacterial
activities of the drug/complexes were assessed using
nutrient agar medium and antifungal activity using
potato dextrose agar medium. The in vitro antibacterial
and antifungal assays were performed employing
agar well diffusion and disc diffusion method and
the test bacteria and fungi used were, Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa
and Candida albicans and Aspergillus niger typed
cultures, respectively and these were obtained from
the American Type Culture Collection[30]. Inoculated
organisms in nutrient broth media together with the
prepared liquid Mueller-Hinton agar were poured into
plates and allowed to solidify. Wells were bored into the
solidified agar medium using a sterile 7 mm cork-borer.
The wells were then filled with solution of prepared
metal complexes and ligand (10 ppm) ensuring that the
solution did not spill to the surface of the medium. The
plates were allowed to stand for 1-2 h and for proper
diffusion of the sample solution into the medium
before incubating at 37°. Zones of inhibition formed
were observed after 24 h. Inhibition zone diameter was
measured using a ruler with an accuracy of 0.5 mm. A
control experiment with dimethyl sulfoxide (DMSO)
was also carried out.
Physical measurements:
The elemental analysis (C, H, and N) of the sample was
determined at SAIF, Cochin University, Cochin, Kerala.
IR spectra were recorded on a Jasco 460 PLUS FTIR spectrophotometer using KBr pellets. A Shimadzu
UV-3101PC spectrophotometer was used to record UV/
Vis spectra using cuvettes of 1 cm path length. 1HNMR
spectral measurements were made on a Brucker
R300 MHz spectrometer in deuterated DMSO with
tetramethylsilane as the internal standard. Conductivity
measurements were carried out with DMSO solutions
of complexes on an Elico conductivity bridge type
CM 82 using a dip-type cell with a cell constant of
1.0. Cyclic voltammetry measurements were made
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on Princeton EG and G-PARC model potentiostat.
Thermal analyses were performed on a Perkin Elmer
Diamond instrument at a heating rate of 5°/min under a
dynamic air atmosphere (150 ml/min). All complexes
were investigated in the temperature range 40-800°.
All theoretical calculations were carried out using
Gaussian 09 package and Gauss view molecular
visualization programs. The basis sets 6-311++G
(d,p) was employed in the RB3LYP calculations. The
geometry of the zinc complex (1c) was optimized in
gas phase using density functional theory (RB3LYP
method) and their vibrational frequencies were also
computed at the same level of theory.
Synthesis of metal complexes:
A
solution
of
3-benzoyl-7-methoxycoumarin
(L1, C17H12O4, 0.560 g, 2 mmol) in 20 ml of methanol
was treated with a solution of nickel (II) nitrate
(0.290 g, 1 mmol) in methanol. The reaction mixture
was stirred on a magnetic stirrer. Bluish green
crystalline product formed after 6-7 h was collected
by filtration. The solid was washed several times with
methanol (50 ml), then with diethyl ether (30 ml) and
finally dried in vacuum. The obtained complex (1a) was
recrystallized from dry methanol. Molecular formula
of 1a, NiC34H24O14N2: molecular weight 743.23, yield:
0.492 g, colour: bluish-green powder. Copper (II)
nitrate and zinc (II) nitrate were dissolved in methanol
and added to a solution of L1 in methanol in 2:1 mole
ratio of ligand to metal, respectively, with stirring.
The reaction mixture was heated under reflux for
3-4 h, during this period the precipitation was completed
and filtered. Then, the precipitates (1b and 1c) were
washed with methanol and dried under vacuum for
3 h. Molecular formula of 1b was Cu C34H24O14N2,
molecular weight 748.09, yield, 0.589 g, colour: brown
powder; molecular formula of 1c was ZnC34H24O14N2,
molecular weight 749.92, yield, 0.596 g, colour: white
crystals.

RESULTS AND DISCUSSION
The mononuclear complexes 1a and 1b were in powdery
form and complex 1 c was in needle-shaped crystalline
form. These complexes obtained from nitrates were
soluble in organic solvents such as DMSO and dimethyl
formamide. The complexes 1a, 1b were colored, except
1c. All complexes were sparingly soluble in water and
stable in air. The analytical data of these complexes
showed that the solids were stable and can be stored
for months without any significant change in their
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formulae. The structure of synthesized complexes has
been shown in fig. 1. The molar conductivities of a
10-3 M solution of these complexes were measured
at room temperature. The lower conductance values
obtained 0.12-0.24 ohm/cm2/mol of these complexes
support their non-electrolytic nature. It also indicated
that the nitrate anions bind to the metal ions as ligands
and do not ionize.
The purity of the complexes were derived from C, H,
N analysis and the results were found to be in good
agreement with the calculated values given as follows:
complex 1a found: C, 54.23 %; H, 2.97 %; O, 29.88 %;
N, 3.39; Ni, 7.62 %; C34H24NiO14N2, calcd: C, 54.89 %;
H, 3.23 %; O, 30.14 %; N, 3.77; Ni, 7.89 %; complex 1b
found: C, 53.99 %; H, 3.18 %; O, 29.91 %; N,
3.47; Cu, 8.25 %; C34H24CuO14N2, calcd: C, 54.53 %;
H, 3.21 %; O, 29.94 %; N, 3.74; Cu, 8.49 %; complex
1c found: C, 54.33 %; H, 3.09 %; O, 28.99 %;
N, 3.64; Zn, 8.28 % C34H24ZnO14 N2, calcd: C, 54.40 %;
H, 3.23 %; O, 29.87 %; N, 3.73; Zn,8.72 %.

The n→π* characteristic band in the UV spectra of
ligand assigned to the C=O bond appear at 264 nm for
carbonyl and is shifted toward higher wavelengths with
6, 7 and 4 nm for complex 1a, 1b and 1c, respectively
confirming the presence of the ligand in the complex
and the covalent nature of the metal-ligand bond. In the
visible domain, the d-d transition appears between at
645 nm in the copper complex. In the visible domain,
nickel complex 1a showed a band at 508 nm attributed
to the d-d transition 3A2g(F)→3T1g(F), 3A2g(F)→3T2g(F),
3
A2g(F)→3T1g(P). Complex 1b has been assigned to
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The analysis of the FTIR spectra of the ligand
and complexes were measured in the region 4004500 cm-1. The IR spectrum of 1a was given in
fig. 2, while the IR spectral data of the ligand and all
complexes prepared were summarized in Table 1. New
bands in the region 470-480 cm-1 in all the complexes
were assigned to stretching frequencies of (M-O) bonds.
In comparison with spectra of the ligand (L1), all metal
complexes exhibited a downward shift of about 1020 cm-1 of (ѴC=O), indicating the participation of oxygen
in coordination to the metal ion. Practically no effect
on the frequencies of benzopyrone ring oxygen atom
in L1 after complexation indicated non-involvement
of these groups in coordination. The presence of two
absorption bands at 1525-1480 and the 1325-1283 cm-1
region is attributed to ѵ4 and ѵ1 modes, which indicated
that the nitrate anions in the metal complexes were
covalently bonded and present in the coordination
sphere[31]. Thus, the IR spectral data provided strong
evidence for complexation of the bidentate ligand L1.

O
O

Fig. 1: Structure of the metal complexes M=Ni, Cu, Zn
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Fig. 2: IR spectrum of the Ni complex 1a
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E2g→ T2g, which was in conformity with octahedral
geometry. Zn (II) complex 1c attributed to the ligand
to metal charge transition, which was compatible with
this complex having an octahedral symmetry of zinc
ion.
2

HNMR spectroscopy has proved to be a useful
technique in the study of metal complexes. 1HNMR
spectra of the compounds were recorded at 250 MHz
in CDCl3 (MSO-d6). 1HNMR spectra of complexes 1a
and 1b were given in fig. 3A and B. Comparison of
the 1H-NMR spectra of complexes with L1 revealed
1

that the resonances were considerably broadened and
also shifted on complexation. Well resolved multiplets
at 7.60-7.72δ corresponded to five aromatic protons
in L1. In all complexes, multiplets corresponded to
aromatic protons were shifted to the lower field due to
complexation. The 1HNMR spectra showed multiplet
signals at 6.9-8.1 due to one olefinic proton (proton
of lactone ring) and eight aromatic protons. In the
1
HNMR spectra of complexes, 1a and 1b, the signals
at 3.92-3.95 due to methyl protons of the OCH3 group
(3H, OCH3).

TABLE 1: IMPORTANT INFRARED FREQUENCIES (cm−1) OF FREE LIGAND L1 AND ITS METAL COMPLEXES
(THEORETICAL AND EXPERIMENTAL)
Ligand/Complex

ѵ(C=O)

ѵ (C-C)

ѵ (C-O)

ѵ (C-O-C)

ѵ(M-O)

ѵ (NO3)

ѵ (C=C)

ѵ(C-H)

ѵ(C-H)ph

ѵ(C-H)py

C17H12O4 L1
C34H24NiO14N2,1a
C34H24CuO14N2,1b
C34H24ZnO14N2,1c
C34H24ZnO14N2,1c

1713
1725
1720
1730

1226
1230
1224
1234

1185
1205
1200
1215

1022
1025
1024
1013

-----471
476
474

----1367
1381
1390

1652
1630
1625
1634

3047
------3090

1364
------1320

1075
----1097

1742

1262

1210

1054

460

1365

1649

3041

1352

1092

(Theoretical value)

Fig. 3: 1H-NMR spectrum of the Ni complex of ligand L1, 1a; Cu complex of ligand L1, 1b
622

Indian Journal of Pharmaceutical Sciences

July-August 2018

www.ijpsonline.com

a

Fig. 4: Superimposed thermogravimetric, differential scanning
calorimetric curves for Ni complex, 1a
a: Thermogravimetric curve and b: differential scanning
calorimetric curves for Ni complex, 1a under N2 atmosphere;
heating rate:10°/min

The thermal behaviour of Ni complex 1a has
been illustrated in fig. 4. In the first step, thermal
decomposition corresponding to 150° is due to loss of
L1 molecule. Further, the thermal decomposition occurs
in the second step as indicated around at 295° of 15.6616.32 % (calcd: 16.68 %) mass loss of two coordinated
nitrate anion in all complexes by an exothermic effect.
The metal complexes decompose gradually with the
formation of metal oxide at above 500°.
The cyclic voltammetric behaviour of complexes was
recorded in the range from +1.2 to –2.0 V at a scan
rate of 0.1 Vs-1. The typical cyclic voltammogram of
complexes have, on the direct (cathodic) scan, two
very well-defined cathodic waves with a first cathodic
peak situated at less negative cathodic potentials
and with a second cathodic peak situated at more
negative cathodic potentials. A cyclic voltammogram
of complex 1(a) in fig. 5 showed oxidation potential
at +0.682 V corresponding reduction at the potential
at –1.194 V. The peak separation of this couple (∆Ep)
is 0.6478V at 0.1V and increases with scan rate.
The difference between forward and backward peak
potentials provides a rough evaluation of the degree of
reversibility of the one-electron transfer reaction. The
ratio of cathodic to anodic peak height was less than
one, but the peak current increases with an increase
of the square root of the scan rates, establishing the
electrode process as diffusion controlled one[32]. The
separation in peak potentials increasing at higher scan
rates is consistent with quasi-reversibility of the Cu(II)/
Cu(I) couple.
Both ligand (L1) and metal complexes have been
screened for their antimicrobial activity against
pathogenic bacteria Gram-negative: E. coli,
July-August 2018

The optimized structure parameters of the complex 1c
as calculated by DFT/RB3LYP levels with the
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P. aeruginosa, Gram-positive: S. aures and pathogenic
fungi C. albicans, A. niger (Table 2). Metal complexes
have higher biological activities against compared to
the free ligand (L1). This can be explained on the basis
of Tweedy’s chelation theory[33]. Several factors such
as delocalization of π electrons over the chelate ring,
increasing lipophilic character of metal complexes and
presence of electron releasing group in the complexes
enhance the inhibition activity of the metal complexes
over the ligand. Complex 1(c) showed a good antifungal
and antibacterial activity. The antimicrobial activity is
found to be in the order: 1(c)>1(b)>1(a)>L1. The zinc
complex (1(c)) is found to generate more ROS and
exhibit greater antimicrobial activity and it follows the
natural order (Irving-Williams order) of stability of the
complexes[34].

2.0
1.5
1.0
0.5
0
-0.5
-1.0
-1.5
-2.0
1.2

0.8

0.4

0

-0.4

-0.8

-1.2

-1.6

-2.0

Potential/V
Fig. 5: Cyclic voltammogram of the Ni complex 1a
DMSO with 0.5 M NBu4ClO4 as supporting electrolyte and scan
rate at 50 mVs-1

TABLE 2: ANTIMICROBIAL ACTIVITIES OF LIGAND
(L1) AND ITS METAL COMPLEXES 1a, 1b, 1c
Ligand\
complexes
L1
1a
1b
1c
Ligand\
complex
L1
1a
1b
1c

Zone of inhibition (mm)
S. aures
8
10.5
12
14

P. aeruginosa
9
10
11.5
13

C. albicans

A. niger

7
9
12
15

5
7.5
10
12

E. coli
5
6.5
9
11

Note: Results are expressed as values appearing more than three
times in the five/six parallel determinations
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6-311G++G (d,p) basis set were listed in Table 3. The
DFT method is involved in using the restricted closedshell model (Becke 3-parameter exchange functional
together with the restricted Lee-Yang-Parr correlation
functional; RB3LYP). The B3LYP functional has been
successfully used in some previous reports for geometry
optimization of transition metal complexes[35,36]. The
selected bond lengths, bond angles and dihedral angles
of the metal complex 1c were listed in Table 3. From
the values of geometrical parameters around the central
metal ions, the generic basis set 6-311G++G (d,p)
was found to be more appropriate for calculations on
the complex 1c. The complex 1c, optimized with the
generic basis set, has distorted octahedral geometry
around the central metal ions, shown in fig. 6. The
octahedral structure of 1c is confirmed by the dihedral
angles and bond angles, which showed that the two
oxygen atoms in the nitrate ligand (O68 and O69) were
roughly in the same plane that contained the central Zn
(II) ion. The IR frequencies of the zinc complex 1c were
obtained theoretically by DFT/B3LYP calculations
employing the standard 6-311++G (d,p) basis set for
optimized geometries and compared within the region
of 400-4000 cm-1. Using Gauss View 5.0 molecular
visualization program, the vibrational frequency
assignments and other parameters are made. The
calculated and experimental IR gas phase frequencies
and their probable assignments for ligand and its zinc
complexes are listed in Table 1. All calculations are
given for optimized structure in the gas phase. The
assignment of the experimental frequencies is based
on the observed band frequencies in the infrared
spectra of this species confirmed by establishing one
to one correlation between observed and theoretically
calculated frequencies in fig. 7. In the metal complex,
C=O group of coumarin ligand actively participates in

Fig. 6: Optimized geometry of the Zn complex 1c at B3LYP/
6- 311++G** basis set
624

TABLE 3: BOND LENGTH, BOND ANGLE AND
DIHEDRAL ANGLE OF Zn COMPLEX 1c
Bond
C1-C5
C1-O27
C1-O28
O28-Zn67
Zn67-O15
Zn67-O70
O70-H71
O70-H73
Zn67-O68
O68-H29
O68-H72
Zn67-O48
O61-Zn67
C47-C49
C49-C51
C41-C43
Bond angle
O28-Zn67-O15
O28-Zn67-O68
O68-Zn67-O61
O61-Zn67-O48
O48-Zn67-O70
O70-Zn67-O15
O27-C2-C3
O27-C2-C7
C2-C3-C4
C3-C4-C5
C7-C2-C3
C7-C11-C10
C11-C10-C8
Zn67-O48-C47
H72-O68-H69
O70-Zn67-O68
Dihedral angle
Zn67-O28-C1-C5
Zn67-O15-C14-C5
O28-C1-C5-C14
O69-Zn67-O28-C1
O70-Zn67-O15-C14
O61-Zn67-O48-C47
C34-O61-Zn67-O48
O34-C47-C38-C34
Zn67-O61-C34-O60
O70-Zn67-O61-C34
O70-Zn67-O48-C47
O70-Zn67-O28-C1
O70-Zn67-O15-C14
O68-Zn67-O61-C34
O68-Zn67-O28-C1
O68-Zn67-O15-C14

Bond length (Å)
1.4529
1.3619
1.2419
2.0551
2.0523
2.2591
0.9786
0.9786
2.2345
0.9719
0.9807
2.0672
2.0794
1.4808
1.4122
1.3889
Deg (°)
85.68
92.13
91.48
83.72
87.85
76.67
119.56
117.22
118.20
122.15
123.22
119.85
120.08
83.81
105.30
163.36
Deg (⁰)
-18.93
-14.30
-3.16
-99.84
-107.80
-24.12
38.16
23.56
151.37
-49.38
69.16
94.18
-107.80
114.59
-79.90
88.59

chelation and it shows a change in frequency value,
corresponding to the partial loss of double bond
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Theoretical wave number (cm-1)

character. The C=O stretching vibrations are generally
observed in the region around 1730-1745 cm-1. In the
present study, the stretching vibrations of M-O occurred
at 460-475 cm-1 in the FTIR spectrum. Generally, the
C=C stretching vibrations in aromatic compounds form
the band in the region of 1430-1650 cm-1[37]. For zinc
3500
Basis set: 6.311++G(d,p)

3000

R² = 0.9988

2500
2000
1500
1000
500
0
0

500

1000

1500

2000

2500

3000

3500

Experimental wave number (cm-1)

Fig. 7: Relationship between theoretical and experimental wave
numbers
A linearity between the experimental and calculated wave
numbers for the complex 1c (i.e. for the whole spectral range
considered), can be estimated by plotting the calculated versus
experimental wave numbers

complex 1c, the prominent peaks at 1649 cm-1 were due
to strong C=C stretching vibrations and a strong peak at
1054 cm-1 is assigned to C-O-C stretching modes. The
nitrate stretching vibration occurs around 1368 cm-1 is
close to the theoretical value (1365 cm-1). Comparison
between the calculated vibrational frequencies and the
experimental values indicates that DFT/B3LYP can
predict the FTIR spectrum of the zinc complex 1c well
shown in fig. 8.
The present work focuses on the synthesis,
characterization, DFT calculations and biological
studies of transition metal complexes of coumarin
derivative as a ligand. The structural information
obtained from these complexes is in agreement with
the data reported in this paper based on the elemental,
thermal analyses and NMR studies. The IR and thermal
studies confirmed the presence of nitrate ions in the
coordination sphere. Suggested structure of complexes
may be [M (L1)2(NO3)2]. All the complexes have
octahedral coordination in which the metal ions are

A.

B.
Fig. 8: Experimental (a) and theoretical (b) FTIR spectra of the complex 1c
Calculated at B3LYP/ 6-311++G (3d.p)
July-August 2018
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coordinated to ligand molecule as bidentate and nitrate
ions as monodentate. Cyclic voltammetry studies
of the metal complexes revealed the reversible and
quasi-reversible one electron transfer redox processes
respectively. The antimicrobial study reveals that metal
complexes have more biological activity than the free
ligand L1. Complex 1c showed the best antimicrobial
activity against all microorganisms. DFT calculations
have performed on the zinc complex 1c by a RB3LYP
method with 6.311++G (d,p) basis set. The geometry
of the zinc complex 1c has optimized and calculated IR
frequencies are compared with the experimental values
and good agreements are found.
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