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AćĘęėĆĈę

The post-transition ’4d’ Cd(II) metal complex were synthesized
and characterized by the addition of neutral Schiff base (E)-N-(4-
chlorobenzylidene)isonicotinohydrazide) as primary ligand and nitrite
ion as mixed ligand. The Schiff base were synthesized with the addition of
bio active Isoniazid and 4-chlorobenzaldehyde by eco-friendly technique
(water as solvent). The synthesized complex where physically, chemically,
spectroscopically and biologically characterized by various Physico-chemical,
spectral and biologicalmethods such asmicro analytical data, namely elemen-
tal analysis & metal estimation, conductivity, Ultraviolet-visible, Infra-Red,
Far-Infra Red, and Nuclear Magnetic Resonance (1H &13C) spectral studies.
Based on the conductivity and spectral studies, the complex is neutral and
non-electrolyte in nature. They have tetrahedral geometry around the Cd(II)
metal ion. The in-vitro antibacterial and antifungal activities of Schiff base
and Cd(II) complex were screened against E. coli and A. Niger by Agar disc
diffusionmethod using Chloramphenicol and Fluconazole as standard control
and DMSO as a solvent control. The results indicate that the complex have
more potent than the Schiff base due to the chelation. The pharmacological
studies of Schiff base and Cd(II) complex also predicted using a computa-
tional method by Swiss ADME software. The lipophilicity and medicinal
chemistry importance of the Schiff base and Cd(II) complex were predicted
and conϐirmed by the bio-potential activities.
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INTRODUCTION

Coordination chemistry is a fast-growing important
ϐield in medicinal and bio-inorganic chemistry due
to the availability of biologically active ligands such
as Schiff base, Mannich base, etc., Isoniazid and
its derivatives was used as the antibiotic (Pahla-
vani et al., 2015) in the treatment of tubercu-
losis, antibacterial, antioxidant, anti-inϐlammatory
and anticarcinogenic effect (Shingnapurkar et al.,
2012). The Schiff base and its transition and post-
transition metal complexes have a variety of appli-
cations in the ϐield of biological and pharmacologi-
cal to develop the bio-important compounds (Orvig
andAbrams, 1999). The prodrug Isoniazid has ther-
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apeutic applications in pharmacological and biolog-
ical ϐields. Schiff base ligands are very good coor-
dinating molecule because of its different kinds of
structure (Santos et al., 2020). The Schiff bases
are chelates ligand in coordination chemistry which
are having antibacterial (Singh et al., 2019), anti-
fungal (Sharma et al., 2010), herbicidal (Tajudeen
and Kannappan, 2016), anti-inϐlammatory (Yong
et al., 2016), anticancer, anticonvulsant (Manimo-
han et al., 2020) and anti-HIV agent (Hearn et al.,
2009). The largest applications of Schiff base in
industrial and biological ϐields, the present stud-
ies aim to the synthesis of Schiff bases from Iso-
niazid and 4-chlorobenzaldehyde with water as a
solvent. This method is a green synthetic route
at room temperature. Synthesis and characteriza-
tion of Cd(II) metal complex of Schiff base by green
route method and characterized by various tech-
niques such as physical, chemical, analytical, spec-
tral, biological and pharmacological methods.

MATERIALS ANDMETHODS

Materials
The reagents and chemicals such as cad-
mium nitrate, Isoniazid (Alfa Aesar), 4-
chlorobenzaldehyde (Alfa Aesar), DMSO, DMF,
acetonitrile were of AnalaR grade at 99% pure
and used as such without further puriϐication. Alfa
Aesar Company.

Scheme 1: Synthesis of Schiff base

Methods
ByusingVariomakeEL-IIImodel instrument at 950-
1200◦C temperature, the elemental analysis was
carried. Themetal ions present in the complexwere

Scheme 2: synthesis of Cd(II) complex

Figure 1: IR spectra of Schiff baseand Cd(II)
complex

estimatedbyvolumetric estimation after decompos-
ing a knownweight of complex in acids. The conduc-
tivity of the metal complex in acetonitrile solution
at 10−3M was measured using Conductivity Bridge.
Using Varian make, CARY-5000 model, UV-VIS-NIR
Spectrophotometer, the spectrum of the Ultraviolet
region was measured. The IR spectra of ligand and
its metal complex were recorded Using Schimadzu,
FT-IR, 8400 S Model IR spectrometer. The Far IR
spectra of the complex were recorded in a Bruker,
Germany make, 3000 Hyperion Microscope with
Vertex 80 FTIR system model instruments. Nuclear
magnetic resonance spectra (1H& 13C) of Schiff base
and diamagnetic complex at room temperature in
DMSO-d6 were measured using the Bruker instru-
ment.

Synthesis of Schiff base

The Schiff base synthesized by mixing Isoniazid
0.528g in 10 ml water: methanol (1:1) and 0.541
g of 4-cholorobenzaldehyde in 5 ml of ethanol and
add 15 ml water as a green solvent, and the mixture
was stirred on 15-20 min at room temperature the
precipitated white powder washed with water and
dried in a desiccator. (Scheme 1)
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Table 1: Analytical data
S.No. Comp-

ound
MW
(g/mol)

MP
(◦C)

Elemental analysis Molar conduc-
tance
(Ohm-
1cm2mol-1

%C %H %N %O %Cl %M

1 Schiff
base

259.70 180-
185

60.06
(48.01)

3.85
(3.90)

16.17
(16.10)

6.16
(6.10)

13.47
(13.19)

- 20.00

2 [Cd(SB)

2(NO2)2

464.15 198 33.60
(33.90)

2.15
(2.40)

15.08
(15.90)

17.23

(17.90)

07.54
(07.87)

24.21

(24.50)

12.00

Table 2: IR stretching frequencies of Schiff base andmetal complexes (cm−1)
S.No. Compound ν

(C=O)
ν
(H-C=N)

Sy
(C=N)

Asy
(C=N)

Sy
(O-N=O)

Asy
(O-N=O)

ν
(N-O)

1 Schiff base 3456 1667 1552 1357 - - -
2 Cd(II)complex 3458 1668 1553 1368 1406 1300 1083

Table 3: Lipophilicity of Schiff base and Cd(II) complex
S.No. Parameters Schiff base Cd(II) complex

1 Log Po/w (ilogP) 2.45 0.00
2 Log Po/w (XlogP3) 3.14 1.50
3 Log Po/w (WlogP) 3.66 3.00
4 Log Po/w (MlogP) 2.30 1.16
5 Log Po/w (SILICOS-IT) 3.65 3.04
6 Consensus log Po/w 3.04 1.75

Table 4: Medicinal chemistry of Schiff base and Cd(II) complex
S.No. Parameters Schiff base Cd(II) complex

1 GI absorption High Low
2 BBB permeant Yes No
3 P-gp substrate No No
4 CYP1A2 inhibitor Yes No
5 CYP2C19 inhibitor Yes No
6 CYP2C9 inhibitor No No
7 CYP2D6 inhibitor No No
8 CYP3A4 inhibitor No No
9 Log Kp (skin permeation) -5.57 cm/s -8.04 cm/s

Synthesis of Cd(II) complex

The Cd(II) complex were prepared by mixing Schiff
base 0.842g 10 ml of methanol and sodium nitrite
0.447 g in 10 ml water to 1 g of cadmium nitrate
in 15 ml of methanol and 10 ml of water added to
themixture used as a green solvent, and themixture
was stirred at 15-20 mins at room temperature, the
precipitated colorless complex was ϐiltered, washed
with ethanol and dried in a desiccator and kept in

an air-tight glass container. The complex is stable
under ordinary conditions. (Scheme 2)

RESULTS AND DISCUSSION

Analytical Data

The elemental analysis, metal estimation of the syn-
thesized complex were found in good agreement
with the theoretical values (Table 1) conϐirmed by
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Figure 2: 1H-NMR spectrum of (E)-N-(4-chlorobenzylidene) isonicotinohydrazide

Figure 3: 13C-NMR spectrum of (E)-N-(4-chlorobenzylidene) isonicotinohydrazide

the stoichiometry and molecular formula of the
Cd(II) complex. The low molar conductance of the
Cd(II) complex shows the non-electrolytic, neutral
nature (1:0 type) of the complex, and the complex
is perfectly neutral. There were no anionic and
cationic species present outside the coordination
sphere of the complex (Singh et al., 2010).

UV Sspectrum

The free Schiff base exhibits a strong band at 32,258
cm−1, 39,06 cm−1 which are reasonably accounted
for the n→π* and π→π* transitions, respectively
indicating the presence of imine C=N chromophoric

and ketones C=O group present in the Schiff base.
The Cd(II) complex shows the absorption value at
42016cm-1 in the UV region indicate no d-d tran-
sition is possible due to its completely ϐilled ’d’ sub
shell. Only C-T (charge transfer transition) band
is observed in the UV region, which conϐirms the
tetrahedral geometry around theCd(II) ion (Hussain
et al., 2004).

IR and Far-IR spectra

The IR spectrum of Schiff base shows a band at
3456 cm−1, 1667 cm−1 and 1592 cm−1 correspond
to ν(N-H), ν(N=CH) and ν(C=O) (Figure 1) respec-
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Figure 4: MIC of antibacterial disc

Figure 5: MIC of antifungal disc

tively, these are shifted to higher values because
of the coordination of Schiff base through nitrogen
atom of imine group and the oxygen atom of car-
bonyl group viz., bidentatemode (Spinu et al., 2008).
The anionic ligand nitrite ion shows the stretching
frequencies at the lower region by skeletal mode at
1400 cm−1, 1250-1320 cm−1 and 1050-1090 cm−1

corresponding to the symmetric O-N=O, asymmetric
O-N=O and N-O, respectively (Table-2) in which the
symmetric stretching frequency changed very little
while asymmetric very large due to coordination of
nitrite ion to the metal through oxygen atom (Singh
et al., 2006). The metal chelates atom ability was
found from the Far-IR spectral data, the M-N and
M-O coordination of Schiff base at 516 cm−1 and
490 cm−1 respectively conϐirm the coordination of
metal ion through imine nitrogen and carbonyl oxy-
gen atom of the secondary amine of Schiff base.
The ambidentate nitrite ion coordinates through the
oxygen atom is also conϐirmed by the lower fre-
quency at the frequencies at 377 cm−1 (Ejidike and

Ajibade, 2015).

NMR Spectra (1H & 13C)

The 1H-NMR spectrum of the free Schiff base were
recorded in DMSO-d6 at room temperature, and the
relative peaks at 7.44 to 7.55 ppm, 7.64 to 7.66 ppm,
8.46 ppm, 8.09 ppm, 7.22-7.83 ppm, 8. 73- 8.80
shows the H1, H2, H3, N-H4, H5 and H6 respectively
(Figure 2) conϐirm the formation, Schiff. (Weston
and Brodasky, 1957) The 13C-NMR spec 135.39
ppm, 128.92 ppm, 129.39 ppm, 133.32 ppm, 144.10
ppm, 162.29 ppm, 140.77 ppm, 122.01 to 123.61
ppm, and 149-98 to 150.72 ppm, C1, C2, C3, C4, C5,
C6, C7, C8, and C9 (Figure 3) respectively also conϐirm
the formation of Schiff base by dehydration of con-
densation by Isoniazid and 4-chlorobenzaldehyde
in Cd(II) complex these chemical shift values are
shifted to downor upϐield due to the presence of res-
onance structure and conjugation of Schiff base and
the also effective coordination of Schiff base through
its nitrogen and oxygen atom of Schiff base and also
conϐirmed the diamagnetic and tetrahedral geome-
try of the complex (Peterson et al., 2009).

Bio-Potential activities

Antimicrobial activities were done by disc diffusion
method using synthetic compounds. Petri plates
were prepared by pouring 30 ml of nutrient agar
(NA)/potatoes dextrose agar (PDA) medium. The
test organism was inoculated on a solidiϐied agar
plate with the help of a micropipette and spread
and allowed to dry for 10 minutes. The surfaces of
media were inoculated with bacteria/fungi from a
broth culture. A sterile cotton swab is dipped into
a standardized microbe’s test suspension and used
to evenly inoculate the entire surface of the Nutri-
ent agar /PDA plates. Brieϐly, inoculums containing
of microbial strains were spread on Nutrient agar
/PDA plates (Figure 4).

Using sterile forceps, the sterile ϐilter papers (6
mm diameter) containing each 100µl of sample and
100µl Standard solution were laid down on the sur-
face of an inoculated agar plate. The plates were
incubated at 37 ºC for 24 h for the bacteria and 48 hr.
for fungal strain. Each sample was tested in tripli-
cates. The zones of inhibition of the tested microor-
ganisms by the samples were measured using a mil-
limeter scale.

The zone of inhibitory values of Schiff base and its
complex shows good antibacterial activity against E.
coli andmoderate activity againstA. Niger (Figure 5)
due to the presence of azomethine (imine group)
present in the Schiff base. The increased activity of
metal chelates can also be explained on the basis of
overtone cell permeability and Tweedy’s chelation
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theory (Firmino et al., 2016). The permeability of
lipid cell membrane accepts the lipid-soluble mate-
rials which reϐlect the lipophilicity, which is favor
the antibacterial activities on chelation the polarity
and π electron delocalization on the whole chelat-
ing ring increase the lipophilicity due to the partial
sharing of positive charge with donor group. The
other factors such as solubility conductivity, size
and dipole moment are also favoring the microbial
activities (Chandra et al., 2009).

Pharmacokinetics study: General computa-
tional methodology

The SMILES for each structure were generated by
the structure ϐile generator, available at the free
online tool SwissADME web page (Tables 3 and 4).
Using the web tool, we calculated a number of
simple molecular and physicochemical descriptors,
such as the molecular weight (MW), molecular
refractivity (MR), count of speciϐic atom types and
the topological polar surface area (TPSA), the lat-
ter proven as a useful descriptor in many models
for estimation of membrane diffusion, ADME and
pharmacokinetic behavior (Abou-Melha, 2008). The
lipophilicity was assessed by means of ϐive alterna-
tive predictive models, i.e. XLOGP; WLOGP; MLOGP;
SILICOS-IT, iLOGP, together with a consensus logP
estimation, based on the average value of the dif-
ferent computational parameters (Reingolas et al.,
2006).

CONCLUSION

The post-transition metal complex of Cd(II) with
Schiff base and nitrite ion was synthesized by
green route method using water as a green solvent.
The molecular formula, monomeric and tetrahedral
geometry of the complex conϐirmed by microanal-
ysis, conductance and UV spectral data. Coordina-
tion of azomethine and the oxygen atom of carbonyl
and nitrite ionwas conϐirmed by IR and Far-IR spec-
tral data. The diamagnetic nature and geometry of
the complex were also conϐirmed by NMR spectral
study. The complex shows higher biological activ-
ity against E. coli and moderately active against A.
Niger. Biological activities were further conϐirmed
by pharmacokinetics study.
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