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Introduction 
Schiff bases are widely used as ligands due 
to their ability to stabilize metals in various 
oxidation states (Al-Shaalan, 2011; Bader, 2010). 
Schiff bases with chelating ability are in demand 
because of their facile preparation (Bahron et al., 
2007; Malinkin et al., 2012) from easily available 
and relatively inexpensive starting materials. 
Schiff bases are products of the condensation 
reaction of primary amines with active carbonyl 
compounds (Mesbah et al., 2018; Ghani et al., 
2014). The structure contains imine moiety with 
general formula of RR’C=N-R” where R is an 
aryl group, R’ is hydrogen and R” are alkyl or 
aryl group. 

Since the introduction of imines in 1864 
by Hugo Schiff, hence the name Schiff bases, 
chemists have carried out extensive research 

on this family of compounds.  In the last few 
decades, attempts to carry out green practices 
in synthesis have increased exponentially, 
where the formation of Schiff bases and their 
complexes are not excluded (Mane et al., 2011; 
Tanaka & Toda, 2000; Saikia et al., 2011; Saini 
et al., 2014). Microwave assisted synthesis 
is one of the components of green chemistry 
that has become increasingly popular among 
coordination chemists particularly for the 
formation of high nuclearity complexes that 
conventionally involves long refluxing hours 
(Kassim & Hamali, 2017; Bahron et al., 2017). 
Microwave synthesis that involves microwave 
irradiation (Chakraborty et al., 2012) as a non-
conventional energy source (Mermer et al., 
2019) appeals to many chemists mainly because 
of their elegance, high percentage yield, short 
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reaction period and eco-friendly conditions 
(Mohanan et al., 2008; Mishra et al., 2016).

The metal complexes of Schiff bases have 
been reported to exhibit bioactivities such as 
antibacterial (El-Wahab et al., 2004; Nithya et 
al., 2018), antiviral (Chang et al., 2010) and 
antitumor properties (Ebrahimipour et al., 2015; 
Shabbir et al., 2017; Ahamad et al., 2019). 
Certain Schiff bases and their complexes display 
interesting biological properties because their 
structures allow them to interact beneficially 
with biological systems (Dave et al., 2014) for 
example, the ability to interact with DNA (Ray 
et al., 2009) of cancerous cells that could inhibit 
cell proliferation. There has been significant 
interest in complexes that can bind or cleave 
DNA molecules at specific sites (Dede et al., 
2009) because they may play significant role in 
the genomic investigation and in photodynamic 
therapy against cancer (Bahron et al., 2019). 
Mononuclear Schiff base complexes have been 
commonly reported to be bioactive, but similar 
reports on tetranuclear complexes derived from 
phenylenediamine are scarce. 

The present work describes the conventional 
synthesis of Schiff bases, microwave-assisted 
syntheses of its tetranuclear copper(II), cobalt(II) 
and zinc(II) complexes, structure elucidation 
through spectral and physicochemical means 
and anticancer screening against colon cancer 
cell lines (HCT116).

Materials and Methods 
Materials
O-vanillin (OVan), m-phenylenediamine 
(MPD), cobalt(II) acetate tetrahydrate, 

copper(II) acetate monohydrate, zinc(II) acetate 
dihydrate, triethylamine (TEA), absolute ethanol 
and acetonitrile (ACN) were purchased from 
Sigma Aldrich (St Louis, US). All chemicals and 
solvents were analytical grade and were used as 
received without further purification. 

Synthesis of Ligand (L)
The synthesis of the ligand L is represented in 
Scheme 1. OVan (4.5645 g, 30 mmol) and MPD 
(1.6221 g, 15 mmol) were dissolved in absolute 
ethanol (20 mL) and was subjected to reflux 
for 1 hour. Upon cooling, an orange crystalline 
solid was formed. It was filtered off and washed 
with cold methanol before being dried in the 
air and kept in a desiccator. Recrystallization 
was carried out through the layering technique 
where a DMF solution of L was layered with 
absolute ethanol in a 1:1 volumetric ratio and 
left undisturbed overnight to produce orange-
colored single crystals.

Elemental analysis for L, analysed as 
C22H20N2O4: Found (Calc.) C 70.18 (70.12) H 
5.36 (5.15) N 7.14 (7.44) %. IR bands (KBr 
pellet, cm-1): 1617, 1273, 1251. 1H NMR (500 
MHz, CDCl3): δ 13.15 (s, 1H), 9.05 (s, 1H), 7.56 
(m,1H), 7.55 (mm, 1H), 7.39 (dd, J= 8.0, 1.4 Hz, 
1H), 7.16 (dd, J= 7.90 Hz, 1H), 6.94 (t, J= 8.0, 
1.4 Hz, 1H), 3.37 (s, 3H).13C NMR δ (ppm): 
163.44 (C-OH), 151.45 (C=N), 149.52-113.73 
(Ar-C), 56.25 (-OCH3).

Synthesis of Tetranuclear Complexes M4(L)2

The tetranuclear complexes, namely Cu4(L)2, 
Co4(L)2 and Zn4(L)2 were synthesized as shown 
in Scheme 2. The ligand L (0.8 mmol, 0.3011 g) 
and appropriate metal acetate salts (1.6 mmol) 

Scheme 1: Synthesis of ligand (L)
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were mixed in a 2:1 mixture of absolute ethanol: 
chloroform (10 mL).  A few drops of TEA were 
added dropwise into the mixture and the vial 
was placed in the microwave. The stirrer speed 
and reaction time were set at 1000 rpm for 10 
minutes, respectively. The reaction mixture was 
left to cool slowly to attain the room temperature 
and kept overnight in the chiller. The colored 
precipitate obtained was washed several times 
with cold ethanol, filtered off and dried in air. 

Elemental analysis for Cu4(L)2 analysed as 
C44H36Cu4N4O8(CH3CO2)(H2O)3: Found (Calc.) 
C 49.50 (49.02) H 4.28 (4.06) N 5.34 (5.02) %. 
IR (cm-1): 1605, 1597, 1245, 1226, 542, 441. meff 
= 1.85 B.M. Colour: Brown.

Elemental analysis for Co4(L)2, analysed as 
C44H36Co4N4O8(H2O)3: Found (Calc.) C 52.11 
(52.71) H 4.89 (3.82) N 4.98 (5.59) %. IR (cm-

1): 1602, 1242, 1219, 525, 425.  meff = 3.84 B.M. 
Colour: Dark brown.

Elemental analysis for Zn4(L)2 analysed as 
C44H36N4O8Zn4 (H2O): Found (Calc.) C 51.80 
(51.39) H 5.24 (5.72) N 4.35 (5.45) %. IR (cm-

1): 1608, 1242, 1200, 529, 424.  meff = 0 B.M. 
Colour: Yellow.

Instruments and Physical Measurements
Elemental analysis for (C H N) were performed 
with a Thermo Finnigan Flash EA 110 
Elemental Analyzer. The FT-IR spectra were 
recorded as KBr discs (4000-400 cm-1) using 
Perkin-Elmer FT-IR 1600 spectrometer. Molar 
conductance of the complexes was recorded in 
ACN with concentration of 10-3 M using Mettler 
Toledo 730 Series conductivity, while magnetic 
susceptibility measurements were performed 
on solid compounds using Sherwood Auto 
balance. Stuart Melting Point SMP10 apparatus 
was used to measure the melting points and 
thermal decomposition data were obtained using 
a TA Instruments Q50 TGA under nitrogen 
atmosphere at the heating rate of 10°C min-1 
from room temperature to 723K. The 1H and 
13C NMR spectra were obtained with a Bruker 
Avance 500 MHz NMR spectrometer in CDCl3 
solvent. Chemical shifts (δ) were reported in 
ppm relative to TMS. Mass spectral data are 
measured in MeCN (70%) and H2O (30%) on 
ESI-LCMS QQQ Agilent 6410. UV-Visible 
spectra were obtained in ACN (10-4 M) on a 
Perkin Elmer Lambda 25 UV/Vis Spectrometer. 
Microwave-assisted syntheses were performed 
in a Monowave 450 reactor.

Scheme 2: Synthesis of tetranuclear metal complexes M4(L)2 where M = Cu, Co and Zn
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X-ray Crystallographic Analysis
A suitable single crystal of L ligand was selected 
and mounted on a glass fiber with epoxy cement. 
Agilent Technologies SuperNova Dual CCD with 
an Atlas detector fitted with Mo Kα (λ = 0.71073 
Å) radiation at 100 K was used to collect the 
crystallographic data. Crys Alis PRO (Agilent 
Technologies, 2014) was used to process the 
data and performed the absorption corrections. 
Structure solving and refinement were carried 
out with SHELX programs (Sheldrick, 2015) 
integrated into Olex2 (Dolomanov et al., 2009). 
Full-matrix least-squares refinement F2 was 
carried out and all non-hydrogen atoms were 
refined anisotropically. The C-bound H atoms 
were placed on stereochemical grounds and 
refined in the riding model approximation with 
Uiso = 1.2–1.5Ueq (carrier atom). SHELXTL 
and MERCURY software were used to create 
the molecular graphics for publication. The 
PLATON program was also used to calculate 
the molecular structure of the crystal (Sheldrick, 
1997). 

Anticancer Screening
Cell Culture 
The human colorectal carcinoma cell line, 
HCT116 (ATCC® CCL-247™) was cultured 
in the Roswell Park Memorial Institute 
RPMI 1640 Medium w/25mM HEPES & 
L-Glutamine, Biowest. 10% heat-inactivated 
fetal bovine serum (FBS) (PAA Laboratories) 
and 1% penicillin/streptomycin, Sigma Aldrich, 
(St Louis, US) were supplemented into the 
cell cultures and maintained in a humidified 
incubator at 37°C in atmosphere of 5% CO2. 

MTT Assay
A slightly modified method of Hazalin et al. 
(2009) was used in this MTT assay. HCT116 
cells were plated on 96 well plated at a density 
of 7,000 cells per well and were incubated for 
24 hours at 37°C. A serial of dilution (0.01 
– 100 mM) for ligand and complexes were 
prepared before being added to each well. The 

cells were treated with the compounds and 
incubated at the temperature of 37°C for 72 
hours. 50 mL of aqueous MTT solution of (0.06 
mol/L) (Sigma) was then added to each well 
and plates were incubated at 37°C for another 
four hours. The MTT solution was decanted off 
and the formazan crystal was extracted from 
cells with dimethylsulfoxide (DMSO) (Merck) 
into each well. The colour was measured with 
96-well ELISA plate reader at 450 nm. The 
dose-response curve was plotted to determine 
the concentration of compounds required to kill 
50% of the cell population (IC50).

Results and Discussion
The synthesis of tetranuclear complexes only 
needed 10 minutes of microwave irradiation in 
10 mL of ethanol:chloroform (7:3 volumetric 
ratio). There was a significant reduction in 
reaction time and amount of solvent needed 
when this method was compared with the 
conventional reflux method that requires 12-24 
hours of reflux in 20 mL of solvent (Bahron et 
al., 2017). Thus, the electrical power and cooling 
water consumption were greatly reduced.

Being derived from meta-phenylenediamine 
instead of the more commonly reported ortho-
penylenediamine, the two azomethine N donor 
atoms in L are 3-atom apart, i.e., more spread 
away, making it sterically difficult for both N 
donors in L to chelate the same metal.  As such, 
two L moieties were bridged by four metal 
ions during complexation through azomethine 
N, phenolic O and methoxy O as proposed in 
Scheme 2. The analytical data and physical 
properties for the L, Cu4(L)2, Co4(L)2 and Zn4(L)2 
are summarized in Table 1. Microanalytical data 
of C, H, N percentages supported the proposed 
M:L ratio of 2:1 for the metal complexes. 
The molar conductivity of all complexes at 
room temperature were much lower than 40 
Ω-1cm2mol-1 expected for mono-electrolytic 
species (Laidler & Meiser, 1982) indicating the 
non-electrolytic nature of the complexes.
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Infrared Spectroscopy
The assignments of significant infrared peaks 
for all compounds are given in Table 2. The 
spectra of the complexes (Figure 1) show that 
the strong absorption peak of the azomethine 
ν(C=N) at 1617 cm-1 in L was shifted 7-13 cm-1 
to lower frequencies in the metal complexes, 
as similarly reported by Oladipo et al. (2019), 
indicating the participation of N donor atom in 
the complexation. The complexation reduced 
the energy of the C=N, coinciding with the 
reduction of p-electron density due to the 
inductive effect of the donation of the lone pair 
of electrons on N. 

The ν(CO) phenolic at 1273 cm-1 and 
ν(C-O) methoxy at 1251 cm-1 in L show shifting 

to lower wavenumbers upon complexation. 
This observation was also reported by Manna 
et al. (2019). This shifting of frequencies may 
be attributed to the deprotonation of phenolic 
O upon complexation and the involvement of 
methoxy O with the metal centres as a result of 
complexation to give stable six-membered rings. 
The appearance of a new weak peak of ν(M-N) 
and ν(M-O) at range 525-542 and 424-441 cm-1 

was observed in the spectra of the complexes, 
indicating the coordination of azomethine N 
and phenolic O with the metal centers, the trend 
of which was similarly reported previously 
(Bahron et al., 2011). The absorption peak of 
acetate in Cu4(L) complexes was observed at 
1597 cm-1. 

Table 1: Physicochemical data for L, Cu4(L)2, Co4(L)2 and Zn4(L)2

Compound
Molecular 
Formula
(RMM)

Colour
Yield
(%)

Melting 
Point
(°C)

Elemental Percentages
Found (Calculated) μeff 

(B.M.)

Molar 
Conductivity, 

Λm

(Ω-1cm2mol-1)C (%) H (%) N (%)

L
C22H20N2O4

(376.41)
Orange 95.8 134-136

70.18
(70.12)

5.15
(5.36)

7.14
(7.44)

- -

Cu4(L)2

C44H36Cu4N4O8

(CH3CO2)(H2O)3

(1116.07)
Brown 31.6 > 300

49.02 
(49.50)

4.28
(4.06)

5.34
(5.02)

1.85 7.73

Co4(L)2

C44H36Co4N4O8

(H2O)
(1002.54)

Dark 
brown

40.8 > 300
52.11

(52.71)
4.89

(3.82)
4.98

(5.59)
3.84 18.28

Zn4(L)2

C44H36N4O8Zn4

(H2O)
(1028.54)

Yellow 33.6 >300
51.80 

(51.39)
5.24

(5.72)
4.35

(5.45)
- 0.43

Table 2: Significant infrared absorption frequencies in ligand and tetranuclear complexes

Compounds
Frequency (cm-1)

ν(C=N) ν(Acetate) ν(C-O)
Phenolic

ν(C-O)
Methoxy ν(M-N) ν(M-O)

L 1617 - 1273 1251 - -
Cu4(L) 1605 1597 1245 1226 671 441
Co4(L) 1602 - 1242 1219 651 425
Zn4(L) 1608 - 1242 1200 667 424
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1H and 13C Nuclear Magnetic Resonance 
Spectroscopy
The 1H NMR spectrum and data of L taken 
in DMSO-d are shown in Figure 2 and 
Table 3, respectively. The 1H NMR of L 
was characterized by four of chemical shifts 
assigned to phenolic, azomethine, phenyl and 

methoxy protons, in concordance to literature 
values (Mendu et al., 2015). The 1H NMR for 
Zn(II) complexes cannot be obtained due to 
their insolubility, whereas the copper and cobalt 
complexes are paramagnetic and not suitable 
for NMR analysis. The peaks of phenolic, 
azomethine and methoxy proton appeared at 

Figure 1: IR spectra for L and its tetranuclear complexes

Figure 2: 1H NMR spectrum of L
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13.15, 9.05 and 3.37 ppm, respectively. The 
peak of hydroxyl proton appeared downfield 
at 13.15 ppm as a strong singlet due to the 
deshielding effect of electronegative O and 
possible inter- or intramolecular H-bonding. The 
chemical shift for methoxy protons was found 
at the upfield region of 3.37 ppm as a sharp 
singlet peak whereas aromatic protons appeared 
as multiplets in the range 6.94-7.55 ppm. The 
values of the J-coupling constant, 1-3 and 6-9 

Hz, are supporting evidence for the presence of 
ortho and meta hydrogens.

The 13C NMR spectrum (Figure 3) and data 
(Table 4) of L, recorded sharp peaks representing 
the non-equivalent carbon atoms in L.  The 13C 
peak for phenolic was observed at 163 ppm, 
azomethine at 51 ppm, benzene C atoms in the 
range 149-113 ppm and methoxy at 56 ppm, as 
similarly observed by other researchers (Iftikhar 
et al., 2017; Akila et al., 2013; 2012; Reiss et 
al., 2014).

Table 3: 1H NMR data of the ligand L

Type of Protons Chemical Shift, δ (ppm) J Coupling,
Hz Number of Hydrogen

C1-OH 13.15(s) NA 1
N=C8H 9.05(s) NA 1

Aromatic
C10-H(a)

C11,14-H(b)
C3-H(c)
C5-H(d)
C4-H(e)

7.56(m)
7.55(m)
7.39(dd)
7.16(dd)
6.94(t)

NA
NA

3J= 2.0, 4J= 7.9
3J=1.3, 4J=7.9

4J=7.9

1
1
1
1
1

C-OC7H3 3.37(s) NA 3

s=singlet, m=multiplet, dd=doublet of doublet, t=triplet, NA=not applicable

Figure 3: 13C NMR spectrum of L
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Mass Spectrometer
L ligand was characterized by ESI-MS 
spectrometry in the positive ion mode. The 
mass spectrum of the ligand (Figure 4) shows 
an intense molecular ion peak at m/z = 377, 
corresponding to the [C22H20N2O4]+H+ species 
which is in good agreement with the proposed 
structure (calc. RMM of L = 376.41). The 
molecular ion peak at m/z = 243 corresponds to 
the remaining fragment of L upon decomposition 
of one of the [C8H7O2] i.e., the 2-methoxy-6(l1-
methyl) phenol moieties, whereas the m/z = 
108.9 refers to the remaining fragment after the 
decomposition of the second [C8H7O2]. 

UV-Visible Spectroscopy and Magnetic 
Susceptibility 
The electronic spectral data and magnetic 
moment of the compounds were recorded at 
room temperature and shown in Table 5. The 
electronic spectra (Figure 5) show three main 
bands of L at 232, 277 and 304 nm. The highest 
energy bands are assigned to π–π* transitions 
within benzene rings. Moderate energy bands 
can be assigned to n–π* transitions within 

C=O and C=N groups (Saif et al., 2016). 
While all complexes displayed a red shifting 
of the absorption band of π–π* (C=C benzene), 
π–π*(C=N), n–π* at range 233-238 nm, 282-294 
nm and 320 nm, respectively, due to the donation 
of a lone pair of electrons to the metal and hence 
the coordination of azomethine to the metal ions 
(Bazarganipour & Salavati, 2016). The broad 
band in the region 397-426 nm observed in the 
spectra of all complexes was assigned as ligand 
to metal charge transfer (LMCT).

The effective magnetic moment, μeff, of 
Cu4(L)2 found was 1.85 B.M., close to the 
theoretical spin only magnetic moment, μso, the 
value of 1 unpaired electron of 1.73 B.M.  This 
is in agreement with Cu(II) d9configuration. The 
geometry of Cu(II) cannot depend on this value 
alone as all geometries would give the same 
magnetic moment of 1 unpaired electron. The 
Co4(L)2 revealed μeff of 3.84 B.M., indicative 
of the presence of three unpaired electrons, 
expected for a tetrahedral Co(II) d7. The μeff 
value ruled out square planar geometry of Co(II) 
complexes that would show only 1 unpaired 
electron.  This observation is close with previous 
report by Bakar et al. (2011).  

Table 4: 13C NMR Data for the ligand L
Assignments Chemical Shift δ (ppm)

C1-
OH

N=C8-
H

C9-H 
(Ar.)

C-H2 
(Ar.)

C6-H 
(Ar.)

C3-H 
(Ar.)

C10-H 
(Ar.)

C14-H 
(Ar.)

C5-H 
(Ar.)

C4-H 
(Ar.)

C11-H 
(Ar.)

OC7H3

L 163.44 151.45 149.52 148.51 130.37 123.98 119.80 119.02 118.72 115.11 113.73 56.25

Notes: Ar = Aromatic

Figure 4: Mass spectrometry spectrum of L
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The Zn4(L)2 complex was diamagnetic as 
expected of a d10 electron configuration. Thus, 
the stereochemistry cannot be investigated via 
its magnetic moment and may be determined 
by consideration of size, electrostatic forces and 
covalent bonding forces (Kavitha & Lakshmi, 
2017) as well as crystallography.

Thermogravimetric Analysis (TGA) 
The ligand L and its Cu4(L)2, Co4(L)2 and Zn4(L)2 
complexes were subjected to thermogravimetric 
analysis in the temperature range of 35-
450°C to investigate the thermal stability and 
to determine the presence of water in their 
lattices. The thermal decomposition data below 
300°C for the departure of water molecules is 
presented in Table 6. The ligand underwent no 

Figure 5: UV-Visible spectra of ligand and complexes

Table 5: Magnetic effective moment, μeff and electronic spectral data of L, Cu4(L)2, Co4(L)2 and Zn4(L)2

Compounds μeff, 
B.M.

λmax, cm-1 
(Molar Absorptivity, e) Transition Assignment

L - 232 (13301), 277 (9833), 304 (10996) π–π*(C=C benzene), π–π*(C=N), n–π*

Cu4(L)2 1.85 233 (14656), 294 (11165), 414 (4689) π–π*(C=C benzene), π–π*(C=N), LMCT
Co4(L)2 3.84 237 (9968), 282 (7167), 397 (2701) π–π*(C=C benzene), π–π*(C=N), LMCT
Zn4(L)2 - 238 (4274), 282 (2401), 320 (2619), 

426 (923)
π–π*(C=C benzene), π–π*(C=N),             
n–π*, LMCT

Table 6: Thermal decomposition data of L, Cu4(L)2, Co4(L)2 and Zn4(L)2 for the departure of lattice water

Compound Molecular Formula
Decomposition 
Temperature 
for Water (oC)

Weight Loss (%)

Number Water 
MoleculesFound

Calculated 
for Loss of All 

Water

L C22H20N2O4 Not detected - - 0

Cu4(L)2 C44H36Cu4N4O8 36-110 5.8 4.84 3 lattices

Co4(L)2 (CH3CO2)(H2O)3 100-300 2.2 1.8 1 coordinated

Zn4(L)2 C44H36Co4N4O8(H2O) 36-175 1.9 1.75 1 lattice



MICROWAVE-ASSISTED SYNTHESIS, CHARACTERIZATION  	 41

Journal of Sustainability Science and Management Volume 17 Number 4, April 2022: 32-48

decomposition below 200°C, indicating that no 
water molecules were present.

All three complexes indicated the presence 
of water molecules, having partial thermal 
decomposition occurring at temperatures 
between 36-300°C for the departure of lattice 
and coordinated water molecules. Lattice water 
molecules were expected to depart at lower 
temperatures below 150°C and coordinated 
water at higher temperatures above 150°C 
(Anupama et al., 2016).  The complexes Cu4(L)2 
and Zn4(L)2 revealed that the complexes were 
not thermally stable as they started to undergo 
decomposition at quite a low temperature of 
36°C. For Cu4(L)2. The decomposition for 
equivalence of three lattice water molecules with 
a mass loss of 5.8% (calcd. 4.84%) was detected 
at the temperature range 36-110°C. For Zn4(L)2, 
a similar analysis revealed that equivalence 
of 1 lattice water was lost at 36-175°C. The 
Co4(L)2 complex underwent decomposition for 
equivalence of 1 coordinated water molecule at 
higher temperature of 100-300°C.

Structure Description of Lig and L
The L ligand crystallized in the monoclinic 
system with the space group of C2/c, a = 
19.6783(8) Å, b = 6.8819(2) Å, c = 29.8080(11) 
Å, a (90°), b (108.62°(4)), g (90°), Z = 8 and 
V= 3825.4(3) Å3. The crystallographic data 
and refinement parameters are summarized 
in Table 7. 

The molecular structure of ligand L with the 
atomic labeling scheme, is presented in Figure 
6. The crystal structure is not planar as both 
terminal benzene ring (C1 - C6) and (C15 - C20) 
were slightly twisted from the central benzene 
ring (C8-C13) with torsion angle of 33.18° 
and 35.14°, respectively. The phenol group 
and methoxy group at (C1 and C6) and (C16 
and C17) bonded at the terminal benzene are 
coplanar with the attached benzene rings with 
torsion angle of 2.4(2)° and 0.5(2)°, respectively.

The selected bond length and bond angle are 
listed in Table 8. The bond length of N(1)-C(8) 
and N(2)-C(12) are the same with a distance 

of 1.418(2) Å  and 1.419(2) Å, respectively.  
There are slightly different bond angle C(7)-
N(1)-C(8) and C(14)-N(2)-C(12) at 121.27(14)° 
and 120.78(15)°, respectively, proved that the 
crystal structure is not in planar. A comparable 
crystal structure of the analogous C22H22N2O4, 
has been reported by Al-douh et al. (2007).

In the crystal structure, the molecules are 
linked by intermolecular hydrogen bond of C3—
H3---O1 and C4—H4A---O2 to form crystal 
packing that is stacked along b axis (Figure 7). 
The molecular conformation is stabilized by 
two intramolecular hydrogen bonds O2—H2-
--N1 and O4—H4---N2. The intramolecular 
and intermolecular hydrogen bonds are listed in 
Table 9.

Anticancer Screening
Metal complexes can interact with DNA through 
two general modes of action, which are covalent 
crosslinking and intercalation (Packianathan 
et al., 2017; Damercheli et al., 2015). In the 
current work, the complexes are likely to bind 
to the DNA through non-covalent intercalation 
mode, because being planar and containing 
two or three bonded aromatic rings, the 
complexes possess the molecular requirements 
for intercalation (Sundquist & Lippard, 1990). 
Intercalation interaction involves the insertion 
of the hetero-aromatic moiety, sliding between 
two neighbouring base pairs of DNA, to which 
it is held by weak Van der Waals forces. The 
intercalating surface is sandwiched tightly 
between the aromatic heterocylic base pairs 
and stabilized electronically in the helix by π-π 
stacking and dipole moment (Long & Barton, 
1990). It was also reported that the ligands can 
interact with DNA via external electrostatic 
binding between OH moieties of the ligand with 
phosphate backbone of DNA (Kalarani et al., 
2020). Previous studies by Ambika et al. (2019) 
have reported that the Schiff base complexes 
was interact with DNA via intercalation mode by 
direct strand scission or base modification that 
can lengthen and unwind the DNA and induce 
apoptosis process. However, in this study, the 
exact cellular anticancer binding mechanisms 
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needs to be clarified in future studies to confirm 
the mode of binding of metal complexes and 
ligand to the DNA strand.

Figure 8, Figure 9 and Table 10 show 
dose-response curves, IC50 graph and IC50 data 
for the free ligand and complexes. The ligand 

Table 7: Crystallographic data and refinement parameters for L ligand

Compound L

Identification code L

Empirical formula C22H22N2O4

Formula weight 376.41

Temperature (K) 293 (2)

Wavelength (Å) 0.71073

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions (Å)

a = 90° a = 19.6783(8)(Å)

b = 108.62°(4) b = 6.8819(2)(Å)

g  = 90° c = 29.8080(11)(Å)

V (Å3) 3825.4(3)

Z 8

Densitycalc (Mg m-3) 1.307

Absorption coefficient (mm-1) 0.091

F (000) 1584

Crystal dimension (mm) 0.50 x 0.32 x 0.18

Theta range for data collection 3.314 to 29.403°

Index ranges -24<=h<=27, -9<=k<=9, -40<=l<=40

Independent reflections 4783 [Rint = 0.0234]
Completeness to theta = 25.242° 99.5 %
Goodness-of-fit on F2 1.087
Final R indices R1 = 0.0508, wR2 = 0.1273
R indices (all data) R1 = 0.0760, wR2 = 0.1418



MICROWAVE-ASSISTED SYNTHESIS, CHARACTERIZATION  	 43

Journal of Sustainability Science and Management Volume 17 Number 4, April 2022: 32-48

Table 8: Significant bond length (Å) and angles (°) 

Bond Lengths (Å)
N(1)-C(8) 1.418(2)
N(2)-C(12) 	 1.419(2)
N(1)-C(7) 	 1.282(2)
N(2)-C(14) 	 1.280(2)

Bond Angles (°)
C(7)-N(1)-C(8) 121.27(14)

C(14)-N(2)-C(12)	 120.78(15)
N(1)-C(7)-C(5) 122.41(15)

N(2)-C(14)-C(15) 122.44(16)
N(1)-C(7)-H(7) 118.8

N(2)-C(14)-H(14) 118.8

Figure 7: The crystal packing of the L viewed along b 
axis. The dashed line represents the hydrogen bonds

Figure 6: ORTEP diagram of the L ligand drawn at 
50% probability ellipsoids

L revealed the IC50 value of 60.25 ± 8.30µM 
revealed that ligand itself has some ability to 
intercalate with the DNA of HCT116, retarding 
its growth, hence killing it. It is interesting to 
note that all complexes exhibited more potent 
anticancer activity than their parent ligand, L. 
The copper complex, Cu4(L)2, was the most 
potent anticancer with IC50 recorded at 6.56 
± 1.26 µM, quite comparable to the standard 
5-FU with reported IC50 of 4.6 µM (Kumar 
et al., 2015).  The IC50 of Co4(L)2 and Zn4(L)2 
were 34.73 ± 2.64 µM and 20.08 ± 1.32 µM, 
respectively. The Co4(L)2 and Zn4(L) shows a 
better activity compared to  reported by Arafath 
et al. (2017), Parekh et al. (2017) and Hassan 
et al. (2017). The relative cytotoxicity of ligand 
and its complexes against colon cancer cell is in 
the order of Cu4(L)2> Zn4(L)2> Co4(L)2> L. 

Copper(II) complexes show the highest 
exhibition because they can cleave DNA 
through oxidative and hydrolytic pathways, cell 
apoptosis via intrinsic reactive oxygen species 
(ROS) mediated mitochondrial pathway due to 
excessive production of ROS and hence, are 
found more active than other complexes (Singh 
et al., 2020). The redox behaviour of copper(II) 
is flexible which assists the complexes to form 
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Table 9: Intramolecular and intermolecular hydrogen bonds (Å, °)

D-H...A D-H (Å) H...A (Å) D-A (Å) D-H…A (°)

O(2)-H(2)...N(1) 0.82 1.87 2.5972(18) 146.6
O(4)-H(4)...N(2) 0.82 1.87 2.5956(18) 147.1
C(3)-H(3)...N(1) 0.93 2.53 3.3987(1) 155
C(4)-H(4A)...O(2) 0.93 2.49 3.3088(1) 147

Table 10: IC50 for L and its tetranuclear metal complexes

Compound L Cu4(L)2 Zn4(L)2 Co4(L)2

IC50, μM 60.25 ± 8.30 6.56 ± 1.26 20.08 ± 1.32 34.73 ± 2.64

Figure 8: IC50 dose-response curves of L, Cu4(L)2, Co4(L)2 and Zn4(L)2

Figure 9: IC50 graph of L, Cu4(L)2, Co4(L)2 and Zn4(L)2
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more potent and clinically effective drugs. 
However, the properties of copper complexes 
are mostly determined by the nature of ligands 
and donor atoms that coordinated to the metal 
ion (Marzano et al., 2009).

Conclusion
A novel series of tetranuclear metal complexes 
of Cu(II), Co(II) and Zn(II) were successfully 
synthesized via microwave irradiation method 
from a Schiff base ligand derived from 
phenylenediamine. The structural features 
were elucidated from their elemental analyses, 
magnetic susceptibility, molar conductance, 
TGA, IR, NMR and UV-Visible spectroscopy.  
Anticancer screening was performed against 
colon cancer cell line (HCT116). From IC50 
values, the metal complexes revealed greater 
anticancer activities compared to free ligand 
with Cu4(L)2 showing the highest activity having 
IC50 of 6.56±1.26 μM.
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