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Abstract New hydrazone Schiff base ligands were synthesized from
the condensation of cinnamaldehyde and three different hydrazides
(benzhydrazide, isoniazid, and 4-phenylsemicarbazide), and these
compounds were further reacted with copper(II) ion affording
three different Schiff base metal complexes. All hydrazone Schiff
base ligands and their respective metal complexes were chemically
characterised using NMR, FTIR, CHN analyses, and UV-visible
spectrophotometry and these chemical analyses showed successful
coordination of hydrazone Schiff base ligands to copper(II) ion. All
synthesized Schiff base ligands and metal complexes were screened
against Staphylococcus aureus, Acinetobacter baumannii, Escherichia
coli, and Pseudomonas aeruginosa. Interestingly, all Schiff base metal
complexes showed a higher antibacterial activity than their parent
hydrazone Schiff base ligands; as shown by an increase of up to 60%
of inhibition observed for one of the metal complexes.

Keywords Schiff base; cinnamaldehyde; hydrazide; bacteria; transi-
tion metal

1. Introduction

The infection of microorganism has caused massive
economic losses and threats to the human population [1].
One of the causes is the inappropriate uses of antibiotics
notably mishandling that have caused a wide range of
bacteria to develop antibiotic resistance [2]. Due to the fast-
growing rate of bacteria that are resistant against available
antibiotic drugs, the development of a new and effective
antibacterial drug is vital, as cure or therapies to common
infections would be problematic in future if the issue is not
resolved [2]. It is worth noting that selected antimicrobial
drugs that are currently available in the market have some
drawbacks such as low effectiveness, undesired side effects,
and its toxicity to the human body [3]. Hence, the interest in
searching for novel active compounds derived from natural
products that have effective antimicrobial activities have
significantly increased over the years as the antimicrobial
properties of natural products often cover a wider range of
bacteria with minimum side effects [4].

Schiff bases (also known as hydrazones) are extensively
studied in the area of medicinal, organic, and inorganic
chemistries as the C−−N linkage is important in enhancing
certain biological activities [5,6]. Schiff bases, typically
formed from the condensation of a primary amine and an
aldehyde, are deemed crucial in pharmaceutical industry
owing to their effectiveness in resolving some of the
biological related ailments [7]. Schiff bases can form
coordinate bonds efficiently with transition metals via
the lone pair electron on the azomethine nitrogen atom
and oxygen atom or another heteroatom present in the
Schiff base derivatives [8]. Schiff base metal complexes
involving the transition metals in the first row in the periodic
table, namely cobalt(II), copper(II), and nickel(II), were
widely studied and their importance in improving selected
pharmaceutical activities is evident [9,10,11]. To date, most
of the transition metal complexes involving Schiff base
ligands have proven to exhibit strong biological potencies
notably in antibacterial, anti-inflammatory, antifungal,
antiviral, antimalarial, antiproliferative, antitubercular,
and antipyretic properties [6,12,13,14,15]. Zayed et al.
concluded that Schiff base metal complexes have a greater
antimicrobial effect than the unbound ligand [9]. Geeta
et al. conducted antibacterial activity on gram-positive
type of bacteria such as Staphylococcus aureus and gram-
negative bacteria such as Escherichia coli with copper(II)
and nickel(II) Schiff base metal complexes in the presence
of antibiotics such as streptomycin and ampicillin [16]. The
zone of inhibition for Schiff base metal complexes for both
copper(II) and nickel(II) showed a stronger antibacterial
activity compared to antibiotics as the zone of inhibition
range for Schiff base metal complexes is much larger as
opposed to when antibiotics were used.

In the present work, we have prepared and characterised
three new Schiff base compounds from three different
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Scheme 1: Synthesis of L1, L2, and L3 from cinnamaldehyde and three different hydrazides.

hydrazides: (i) benzhydrazide, (ii) isonicotinic acid
hydrazide (isoniazid), and (iii) 4-phenylsemicarbazide,
along with cinnamaldehyde. Subsequently, the Schiff base
compounds were reacted with copper(II) acetate salt and
each complex was tested for their bioactivity performances.
Cinnamaldehyde was chosen to prepare these ligands owing
to its well-known rich bioactive properties [17,18,19,20].
For example, Wang et al. studied modified cinnamaldehyde
with amino acid Schiff bases and reported that these
compounds showed potential in antibacterial properties
(S. aureus and E. coli), and good antifungal properties
(Aspergillus niger and Penicillium citrinum) where at least
a 40 mm zone of inhibition (in diameter) was observed at
0.025 mol/L [21].

2. Methods

All reagents and solvents were purchased from Sigma-
Aldrich and were used as received. Bacterial strains were
purchased from the American Type Culture Collection.

2.1. Synthesis of Schiff bases, L1, L2, and L3

Hydrazone Schiff base ligands were prepared by directly
mixing an equimolar ratio (1:1) of either benzyhy-
drazide, isonicotinic acid hydrazide (isoniazid) or 4-
phenylsemicarbazide with cinnamaldehyde (Scheme 1)
in 20 mL of hot acetonitrile and heated under reflux at 60 °C
for 2 h, affording N′-((1E,2E)-3-phenylallylidene)benzohy-
drazide (L1), N′-((1E,2E)-3-phenylallylidene)isonicotino-
hydrazide (L2), and (E)-N-phenyl-2-((E)-3-phenylallyli-
dene)hydrazidecarboxamide (L3), respectively. The hydra-
zone compounds formed are poorly soluble and they

precipitate out as solids overnight in cold temperature
(4 °C). The yellowish precipitates are easily separable
through filtration and the compounds were washed with cold
acetonitrile and subsequently dried at room temperature.
The purity for all compounds was inspected using 1H and
13C-NMR along with melting point measurement. Attempts
to crystallise the hydrazone Schiff base ligands for single-
crystal diffraction study were not successful. The chemical
shifts for L1, L2, and L3 are seen as follows:

L1: 1H-NMR (400 MHz, DMSO-d6) δ ppm: 11.73 (s,
1H, N-H), 8.20 (d, 1H, C-H), 7.86 (d, 2H, Ar-H), 7.60 (d,
2H, Ar-H), 7.55 (d, 1H, C-H), 7.49 (t, 2H, Ar-H), 7.37 (t,
2H, Ar-H), 7.30 (t, 1H, Ar-H), 7.04 (m, 2H, Ar-H; C-H);
13C-NMR (400 MHz, DMSO-d6) δ ppm: 163.54, 150.30,
139.60, 136.44, 133.92, 132.29, 129.39, 129.02, 128.15,
127.65, 126.20; IR: ν(cm−1) = 3,267 (m, NH), 1646 (s,
C−−O), 1,487 (m, C−−N); Tm = 199–202 °C.

L2: 1H-NMR (400 MHz, DMSO-d6) δ ppm: 11.94 (s,
1H, N-H), 8.75 (d, 2H, Ar-H), 8.21 (d, 1H, C-H), 7.78 (d,
2H, Ar-H), 7.61 (d, 2H, Ar-H), 7.38-7.30 (m, 3H, Ar-H),
7.07 (m, 2H, C-H); 13C (400 MHz, DMSO-d6) δ ppm:
162.01, 151.52, 150.86, 140.97, 140.50, 136.31, 129.40,
127.76, 125.90, 122.07; IR: ν(cm−1) = 3,243 (m, NH),
1,651 (s, C−−O), 1,491 (m, C−−N); Tm = 198–201 °C.

L3: 1H-NMR (400 MHz, DMSO-d6) δ ppm: 10.66 (s,
1H, N-H), 8.76 (s, 1H, N-H), 7.75 (d, 1H, C-H), 7.60-7.51
(m, 4H, Ar-H), 7.38-7.22 (m, 6H, Ar-H), 6.95 (m, 2H, C-H,
Ar-H); 13C-NMR (400 MHz, DMSO-d6) δ ppm: 153.35,
143.46, 139.63, 137.61, 136.60, 129.43, 129.08, 127.29,
125.98, 122.86, 119.81; IR: ν(cm−1) = 3,341 (m, NH),
1,670 (s, C−−O), 1,445 (m, C−−N); Tm = 175–177 °C.
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2.2. Synthesis of Schiff base metal complexes

A 0.5 mol equivalent of copper(II) acetate monohydrate in
acetonitrile was added dropwise into a solution containing
1 mol equivalent of a Schiff base compound (either L1, L2

or L3) that was dissolved in the same type of solvent. The
mixture was stirred vigorously in a heated environment until
a reduction to approximately 1/3 of the initial volume and
was left to cool at room temperature. The greenish to brown-
ish precipitates formed overnight were filtered and washed
with cold methanol, subsequently dried in vacuo. Recrys-
tallization through slow evaporation was carried out using
acetonitrile and/or methanol, however there was no success
in obtaining good quality crystals.

2.3. Characterisation

Standard 1H and 13C-NMR spectra were recorded with
a Bruker Avance III 400 MHz spectrometer in DMSO-
d6, at 25 °C. The melting points of all compounds were
measured using the Stuart melting point apparatus, SMP10.
Fourier transform infrared (FTIR) absorption spectra were
measured using a Perkin Elmer Spectrum TwoTM FTIR
spectrometer in the wavenumber range of 4,000 cm−1–
400 cm−1. The measurements were performed using the
UATR accessory comprising a ZnSe/diamond flat plate
crystal. All the samples were pressed with the same force
to obtain equivalent intimate contact between ATR crystal
and the sample surface. Each spectrum of 32 accumulations
with a resolution of 4 cm−1 was corrected with air as
the background or baseline. The UV-visible spectra were
measured at room temperature from 280 nm to 800 nm on
a Perkin Elmer Lambda 365 UV-visible spectrophotometer
using 1.0 cm path length quartz cells. Sample concentrations
ranging from 2×10−6 M to 8×10−6 M were prepared from
dimethyl sulfoxide at room temperature. The elemental
analyses were performed with a Perkin Elmer elemental
analyser CHNS/O 2400 Series II.

2.4. Semi-empirical modelling and simulation

The initial geometries for each compound and complex
were generated from the Gaussview 5.0. All calculations
were performed with the Gaussian16 software package [22].
The equilibrium geometries for two different conformers
(E and Z) in dimethyl sulfoxide environment including
their vibrational frequencies for all ligands and complexes
were optimised and calculated using the Density Functional
Theory (DFT) employing B3LYP 6-31G(d,p) basis set [23,
24]. The absence of any imaginary frequency was checked
to confirm that the stationary points correspond to local
minima on the potential energy surface. Theoretical 1H-
NMR was calculated using the Gauge-Independent Atomic
Orbital (GIAO) method from the optimised structure of
the conformer with the lowest energy for each ligand type
at B3LYP 6-31G(d,p) level. To validate the experimental

absorption spectra, the excited state property was studied
by time-dependent density functional theory (TDDFT) with
a 6-31G(d,p) basis set. As for Schiff base metal complexes,
the B3LYP/LANL2DZ basis set was employed involving
copper atom.

2.5. Antibacterial activity screening

Acinetobacter baumannii ATCC 19606, E. coli ATCC
25922, S. aureus ATCC 35923, and Pseudomonas aerugi-
nosa ATCC 27853 were cultured and incubated on Mueller
Hinton Agar (MHA) plates at 37 °C for 18–24 h. Resazurin
sodium salt powder was standardised as 0.02% w/v solution
in sterilised distilled water which was then stored at 4 °C.
Stock solutions containing Schiff base compounds of
0.1024 mM were prepared in sterile deionized water and
dilution to 256μM was conducted in Cation Adjusted
Mueller-Hinton Broth (CAMHB) from the stock solutions.
We pipetted 0.1 mL of diluted solution for each compound
into different sets of 96-well plates. Approximately, five
morphologically similar colonies that were grown on
MHA were suspended into 1 mL of normal saline solution
(0.9% w/v). After that, the turbidity of the cell suspensions
was standardised with sterile saline that acts as a blank
at an absorbance of 625 nm. An absorbance between
0.08 and 0.13, which is equivalent to McFarland 0.5
standard, was standardized for all the bacteria suspensions.
Once the absorbance between 0.08 and 0.13 of the
bacteria suspension was achieved, the adjusted bacteria
suspensions were diluted 100 times in CAMHB, where
the starting inoculum would be approximately 106 cfu/mL.
Subsequently, 0.1 mL of bacteria containing broth was
added to each well. Control wells that include bacteria only,
medium only, and sample only were used to calculate the
percentage of inhibition viability. Each set of the 96-well
plates was then incubated at 37 °C for 16–20 h. Next, 20μL
of 0.02% resazurin were added into each well, where it
will be further incubated at 37 °C for another 1–2 h. A
colour change from blue to pink was observed in a black-
walled 96-well microplate, where the fluorescence signal
of excitation at 560 nm and emission at 590 nm will be
measured using the SpectraMax M3 spectrophotometer
(Molecular Devices, Sunnyvale, CA, USA). Percentage of
inhibition viability was calculated through equation as

1-(test well fluorescence)
mean fluorescence of bacteria wells

×100%, (1)

with background fluorescence from medium and drug wells
were being subtracted [25].

3. Results and discussion

3.1. General features of Schiff base ligands, L1–L3

Hydrazone Schiff bases L1, L2, and L3 were synthesized
through the condensation reaction of cinnamaldehyde
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(a) (b) (c)

Figure 1: Experimental (dotted line) and calculated (solid line) absorption spectra for (a) L1, (b) L2, and (c) L3.

with three different types of hydrazides, benzhydrazide,
isoniazid, and 4-phenylsemicarbazide, in a relatively good
yield (see Supplementary Information). These compounds
are sparingly soluble in methanol, but highly soluble
in dimethyl sulfoxide and chloroform. Their purity was
confirmed using NMR spectroscopy (1H and 13C; 400 MHz,
DMSO-d6, Supplementary Information) and there are two
main regions of proton signals; amide (CONH) at 11.0–
12.0 ppm and aromatic protons; imine HC−−N, alkenyl
groups between 6.9 ppm and 8.7 ppm. All expected carbon
signals appeared in the 13C-NMR spectra with some of
the signals arising from the overlap of carbon resonances
of a similar environment. According to some reports,
the hydrazone Schiff bases can undergo intramolecular
conformation interconversion forming either E or Z
geometrical conformers about the C−−N bond of the
hydrazone moiety [26,27,28]. The presence of the two
conformers results in the appearance of two resonance
signals in the NMR spectra, corresponding to the E and Z

conformers. 1H-NMR spectrum of L1, L2, and L3 depicted
that there are two CONH proton signals in the spectrum
at 11.73 ppm and 11.60 ppm; 11.94 ppm and 11.87 ppm;
10.66 ppm and 10.47 ppm, respectively corresponding to the
amide protons of the two conformers, E and Z, respectively.
The integration ratio for E conformer is relatively much
higher than Z conformer and thus it can be inferred that the
E conformer is the dominant product.

3.2. Infrared and electronic absorption spectroscopy analy-
ses of Schiff base ligands, L1–L3

The purity of the synthesised L1, L2, and L3 was also
confirmed using FTIR spectroscopy and the stretching band
within 1,445 cm−1 to 1,491 cm−1 region is contributed
by the stretching band of C−−N, υC−−N, that is common

for hydrazones [29]. Broad and medium bands between
3,500 cm−1 and 3,200 cm−1, containing an N-H stretching
band was evident in the spectra while in the range between
1,646 cm−1 and 1,670 cm−1, a prominent stretching
band for C−−O double bond from carbonyl group was
identified. We further analyse the compounds using UV-
visible absorption spectroscopy in dimethyl sulfoxide. The
single intense band is seen with λmax in the range of 330–
340 cm−1 for L1, L2, and L3 indicating a single conformer
being dominant in the solution; as shown in Figure 1.

3.3. Computational calculations of Schiff base ligands, L1–
L3

Computational studies were carried out concurrently to
integrate theoretical understanding with experimental
observations. Density functional theory (DFT) method
employing B3LYP level with 6-31G(d,p) basis set in
dimethyl sulfoxide was performed and the calculations
that have been performed on their lowest energy structures
agreed quite satisfactorily with experimental data. The
geometry optimization for all ligands converged to a local
minimum with each structure having the E conformation
with the lowest energy level; as shown in Figure 2. The
theoretical NMR chemical shift values for L1 to L3

were also in good agreement with experimental data (see
Supplementary Information) while the theoretical FTIR
spectra of all three ligands showed similar characteristic
infrared band frequencies in the solvent phase and the
results of the calculated and experimental harmonic fre-
quencies are tabulated in Table 1. The electronic transition
energy calculations for all ligands correctly predicted the
maximum absorption wavelength values that were close to
experimentally determined values; as shown in Figure 1.
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Figure 2: Optimised geometries for: L1 in Z and E conformations (a), (b) respectively, (b) L2 in Z and E conformations
(c), (d) conformations and (c) L3 in Z and E conformations (e), (f) respectively employing the B3LYP 6-31G(d,p) method.

3.4. General features and computational studies of Schiff
base-Copper(II) complexes

Ligand flexibility can be restricted by metal complexation
and to further confirm the hypothesis of L1, L2, and
L3 preferable to exist as E conformer, stabilization by
complexation with transition metals was performed,
where attempts to isolate complexes of Schiff base
ligands and copper(II) metal salt were carried out. The
complexes of high melting point (> 250 °C) in the form
of amorphous powder were collected (crystallization of
the Schiff base copper(II) complexes was not successful)
with an appreciable yield for each complex. These Schiff
base copper(II) complexes were found to be insoluble in

almost all organic solvents except dimethyl sulfoxide, thus
limiting the analyses to CHN elemental analysis, FTIR
spectroscopy, and UV-visible spectrophotometry. Similarly,
we have conducted computation calculations to the Schiff
base copper(II) complexes and relate to the experimental
findings.

Careful analysis of the CHN elemental analysis
shows that the experimental values for the Schiff base
metal complexes conformed with the calculated empirical
formula. The results demonstrate a formula of either 2 mol
of bidentate hydrazone Schiff base ligands coordinate to
1 mol of copper(II) ion involving L1 and L2, while 3 mol
of L3 Schiff base ligands coordinate to 1 mol of copper(II)
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Table 1: Comparison of the experimental and calculated harmonic frequencies for Schiff base ligands.
Experimental Calculated Frequency (cm−1)

Amine N-H stretch Ketone C−−O stretch Imine C−−N stretch

L1 3,267 1,646 1,487

L1 3,531 1,675 1,494

L2 3,243 1,651 1,491

L2 3,528 1,675 1,493

L3 3,341 1,670 1,445

L3 3,508 1,677 1,494

Table 2: Calculated and experimental values from elemental analysis for Schiff base metal complexes.
Metal complex Calculated (%) Experimental (%)

C H N C H N

Cu(L1)2 68.37 4.66 9.97 68.22 4.38 9.62

Cu(L2)2 63.87 4.29 14.90 62.67 4.11 14.38

Cu(L3)3 67.08 5.27 14.67 68.16 5.22 14.15

(a) (b) (c)

Figure 3: The proposed structures of Schiff base metal complexes: (a) Cu(L1)2, (b) Cu(L2)2, and (c) Cu(L3)3.

ion; as shown in Table 2. The proposed structures of Schiff
base metal complexes are shown in Figure 3 and found to
be comparable with some previously reported complexes
involving copper(II) ion and hydrazones [30,31,32]. We
predict that the metal complexes were obtained from the
chelation of the ligands through the N and O atoms, forming
stable five-membered chelate ring along with deprotonation
of amine hydrogen atoms. Using the predicted complexes
composition, we have performed the computational
calculation using the B3LYP/LANL2DZ basis set and
calculations showed that the geometries can be converged
to the local minimum (see Supplementary Information).

3.5. Infrared and electronic absorption spectroscopy analy-
ses of Schiff base-Copper(II) complexes

Evidence of metal-ligand formation related to the partici-
pation of nitrogen and oxygen atoms with copper(II) ion
during complexation was further confirmed using the FTIR
method. Two major regions were carefully analysed: (i)

peaks in the range of 1,570–1,705 cm−1 that correspond to
C−−N group were found shifted and reduced in intensity and
(ii) peaks in the range of 1,653–1,804 cm−1 that correspond
to C−−O group exhibited intensity reduction. These changes
indicated the successful binding of ligands to the copper(II)
ion. Interestingly, the band at 3,182 cm−1 to 3,608 cm−1 that
corresponds to the N-H group either disappeared or became
less intense after complexation indicating the deprotonation
of amine hydrogen atoms. This is presumably due to the
intramolecular hydrogen bonding within the molecule. The
appearance of new bands in the low-frequency infrared
region (< 1,000 cm−1) between 520 cm−1 and 557 cm−1 is
attributed to υCu−N; while the bands within the region of
483–625 cm−1 are assigned to υCu−O [30,33]. These pieces
of evidence confirmed that the ligands are coordinated to
the copper(II) ion via the imine nitrogen atom and carbonyl
oxygen atom albeit this region has been more difficult to
assess. The experimental vibrational frequencies for each
Schiff base-copper(II) complex are tabulated in Table 3
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Table 3: Vibrational frequencies for Schiff base-copper(II) complexes.
Experimental Frequency (cm−1)

Amine N-H stretch Imine C−−N stretch Aromatic C−−C stretch Alkenyl C−−C stretch Cu-O Cu-N

Cu(L1)2 — 1,636 1,586 1,590 519, 557 483, 625

Cu(L2)2 — 1,620 1,564 1,605 508, 553 487, 616

Cu(L3)3 3,369 1,674 1,507 1,603 510, 551 487, 616

(a) (b) (c)

Figure 4: Absorption spectra for each Schiff base ligand (dotted line) and their corresponding metal complexes (solid line).

Figure 5: Antibacterial screening of Schiff base ligands and its metal complexes against S. aureus, A. baumannii, E. coli,
and P. aeruginosa.

while the calculated vibrational frequencies are provided in
the Supplementary Information.

The absorption spectra for all Schiff base metal com-
plexes in dimethyl sulfoxide collected from the UV-visible
spectroscopy at room temperature were plotted (Figure 4)
and the λmax values were compared to the hydrazone Schiff
base ligands λmax values. A significant bathochromic shift
(redshift) was apparent for copper(II) complexes involving
L1 and L2 however not for L3 in the region 350–450 nm. The

shift to around 380 nm region (n–π∗) is presumably due to
the donation of electron pairs of a nitrogen atom (C−−N) and
oxygen atom (C−−O) to copper(II) ion (M← N) LMCT [30,
34]. A new band in the region 380–480 nm appeared after
complexation with copper(II) for L3.

3.6. Antibacterial studies

Antibacterial activity of Schiff base ligands and its metal
complexes were performed on both Gram-positive and
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Gram-negative bacteria: S. aureus, A. baumannii, E. coli,
and P. aeruginosa; see Figure 5. The antibacterial screening
reveals that all hydrazone Schiff base ligands show a 0–26%
percentage of inhibition on all four strains of bacteria.
Importantly, Schiff base metal complexes show a more
promising antibacterial activity as opposed to the parent
Schiff base ligands as the percentage of inhibition of all
metal complexes on all four bacteria increases drastically up
to 60%. The most prominent increase in the percentage of
inhibition was observed in E. coli which is 0% to 57% in the
L3 copper(II) complex. E. coli is a gram-negative bacteria
and the lipid membrane of bacteria favours lipid-soluble
materials [35]. Schiff base ligands are lipid-soluble and
the enhancements of antibacterial activity in Schiff base
metal complexes are due to chelation as it can suppress
the biochemical potential of bioactive organic species
and increase the lipophilicity of the central atom [36].
Partial sharing between donor atoms with a positive
charge of the metal atoms and the orbital overlapping
of the ligand can cause the metal to be less polar during
chelating. Further delocalization of the π electrons near
the chelate ring along with the increase in lipophilicity
of metal complexes will enhance the lipid membrane
permeability and subsequently promote bacteria growth
inhibition via blocking the enzymatic binding sites in
bacteria [37].

4. Conclusion

New series of Schiff base ligands and metal complexes
were synthesized and characterized through NMR, FTIR,
and UV-visible. The purity of compounds was confirmed
from the signal assignments in 1H and 13C-NMR spectra
determined experimentally. Both the experimental and
computational calculation pieces of evidence confirm that
all Schiff base ligands exist as E conformer (dominant
product). Based on CHN elemental analysis, it was found
that either two bidentate Schiff base ligands coordinate to
one copper(II) ion or three bidentate Schiff base ligands
coordinates to one copper(II) ion depending on the types
of Schiff base ligand used. All calculated data are in
agreement with experimental findings. All the compounds
(ligands and metal complexes) were screened against S.
aureus, A. baumannii, E. coli, and P. aeruginosa. Schiff
base metal complexes show more promising antibacterial
activity than parent Schiff base ligands as an increase up to
60% percentage of inhibition was observed after coupling
with metal ions.
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