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a b s t r a c t

A novel series of complexes of the type, [ML2].nH2O, [where L¼ 2-(a-methyl salicylidenee20-imino)
aminobenzo thiazole (HMAB), 2-(a-phenyl salicylidenee20-imino) aminobenzo thiazole (HPAB), 2-(o-
Vanillidenee20-imino) amino benzothiazole (HVAB)] have been reported. These Schiff bases and their
transition metal complexes were fully characterized by several physico-chemical and spectral tech-
niques, which revealed the tridentate chelation of ligand. The DFT calculations of these reported com-
pounds were made to obtain bonding inside the structure by GAUSSIAN 03 programme platforms. The
QSAR study was performed by HyperChem Professional 8.0.3 software to explain the biological effeteness
of the ligands. A docking analysis using the AutoDock Vina software was carried out to understand the
binding pattern of the investigated compounds towards target proteins CYP121 and CYP51 from Myco-
bacterium tuberculosis. Furthermore, all the compounds have been reported to exhibit significant anti-
fungal activity when tested against Aspergillus flavus and Aspergillus niger.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Coordination chemistry provides us large number of interesting
and useful complexes by the use of organic ligands containing
hetero atoms as coordination sites. Furthermore, the ligands with
more than one donor hetero atoms have received worldwide
attention in coordination chemistry because of their strong
chelating ability to form mono-, di- or multinuclear complexes
[1,2]. In addition, the lone pair of electrons available on hetero
atoms participates strongly in the formation of metal-ligand bonds.

Over the years, heterocyclic ligands with ‘NOS’ donor atoms
especially benzothiazoles have received significant attention due to
their unique complex forming ability and huge applications in
analytical chemistry as spectrometric and gravimetric reagents.
Sarangi).
Benzothiazole, a sulphur isostere of benzimidazole, is a well-
known heterocyclic moiety with remarkable physical and biolog-
ical properties. Furthermore, benzothiazoles and its derivatives find
extensive role in medicinal chemistry such as antimicrobial [3,4],
antitumor [5], anthelmintic [6], anticancer [7], antifungal [8,9],
anti-HIV [10] and antitubercular agent [11]. In addition, benzo-
thiazole and its derivatives are also reported showing luminescence
properties [12] and have been used as anti-diabetes agent and
central muscle relaxants [13]. Furthermore, it is reported that the
activity of such compounds is increased when administered as
metal complexes.

In continuation of our ongoing interest on coordination chem-
istry [14,15], we are reporting some benzothiazole derived Schiff
bases with eOH, eOCH3 functional groups vicinal to condensation
site and their complexes with metals ions of first transition series.
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In addition, to obtain insight into the structure of the ligands and
their metal complexes, DFT calculations have been carried out.
Furthermore, the bio-potency of these compounds has been
examined against A. flavus and A. niger.

2. Experimental

2.1. Material

All chemicals and reagents including 2-mercepto benzothiazole,
hydrazine hydrate, o-hydroxy acetophenone, o-hydroxy benzo-
phenone, o-vanillin and the metal salts were of Sigma Aldrich and
used without further purification.

2.2. Procedure for the synthesis of 2-hydrazinobenzothiazole

2mL hydrazine hydrate was added to a hot ethanolic (30mL)
solution of 2-mercepto benzothiazole (1.67 gm, 50mmol). The re-
action mixture was refluxed for around 4 h until H2S gas ceased to
evolve. It was cooled at room temperature, and left for evaporation.
After few days, white needle shaped crysatalline material is ob-
tained.

(2-mercepto benzothiazole) (2-hydrazinobenzothiazole)

2.3. Procedure for the synthesis of Schiff base ligands (HMAB, HPAB
and HVAB)

Various ligands were prepared by condensing 2-
hydrazinobenzothiazole with respective aldehyde and ketone as
follows.

2-hydrazinobenzothiazole (0.01mol) in absolute ethanol
(20mL) was added to an ethanolic (20mL) solution of o-hydrox-
yacetophenone/o-hydroxybenzophenone/o-vanillin (0.01mol),
followed by addition of 2 drops of acetic acid therein. The resulting
solution was heated for 3 h on a water bath. The coloured and clear
solution was allowed to evaporate at room temperature and
washed with diethyl ether and finally, recrystallized in ethanol.
Some microcrystalline product was obtained. Unfortunately, we
didn't find anyone of them suitable for diffraction.

2.4. Procedure for the synthesis of metal complexes

The hydrated metal (II) chloride (0.01mol) in absolute ethanol
(20mL) was treated with ethanolic (20mL) solution of Schiff base
ligand (0.02mol) in 1:2M ratio. The pH of the resulting mixture
was adjusted to 7.5 to 8.0 by adding solid NaOH. It was refluxed for
about 2 h leading to the formation of precipitate. Then filtered,
washed with ether and finally dried in vacuo over fused CaCl2. The
re-crystallization process is carried out at room temperature for
few days with a mixture of solvents by slow evaporation. But un-
fortunately, we didn't find crystals suitable for diffraction.
Scheme of the reaction for the formation of complexes:

M= Co (II), Ni (II), Cu (II) and Zn (II)

X =  -H, -CH3, -C6H5 , Y =  -H, -OCH3 ,

n = 1 or 2

2.5. Analysis and physical measurements

The metal contents were determined gravimetrically [16].
Conductivity measurements were recorded using Toshniwal Con-
ductivity Bridge (model CL-01-06). The room temperature mag-
netic susceptibility measurements were recorded by Guoy method.
Microanalyses (C, H, N) were executed by using a MLW-CHN micro
analyzer. The electronic spectra were obtained in DMSO from a
Perkin-Elmer spectrophotometer. FTIR spectra as KBr pellets were
recorded using Varian FTIR spectrophotometer, Australia. Ther-
mogravimetric analysis was executed by using Netzch-429 thermo
analyzer. 1H NMR and C13 NMR spectra were collected from JEOL
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GSX-400 model equipment in DMSO-d6 medium. The ESR spectra
were obtained from a varian E-112 ESR Spectrophotometer.

2.6. DFT studies

Schiff base ligands and its CuII and ZnII complexes were opti-
mized and analyze with Gauss View 5.0.8 programme [17]. The
GAUSSIAN 03 programme platforms [18e24] were used for DFT
calculations with LANL2DZ basic set. The Cu(II) and Zn(II) metal
were use LANL2DZ basic set in gas phase and 6-31 G (d, p) basic set
are used for rest of the atoms.

2.7. Molecular docking studies

Molecular docking is one of the important drug design tools to
understand the binding pattern of investigated compounds toward
target proteins CYP121 and Cytochrome P450 14 alpha-sterol
demethylase (CYP51) from Mycobacterium tuberculosis. The dock-
ing study was analyzed by using AutoDock Vina software. Crystal-
lographic structures of CYP121 (PDB: 2IJ7) and CYP51 (PDB: 1EA1)
proteins [25] were brought from Protein Data Bank (http://www.
pdb.org). The proteins were freed from inbound ligand (flucona-
zole) by Discovery Studio 3.5 Visualizer [26]. Then polar hydrogen
atoms and Kolhman charges were added to the proteins by using
the AutoDock Tools (ADT). The grid box was selected for proteins
centred at the crystal structure of the corresponding inbound
ligand. The grid dimensions were kept with a spacing of 1 Å. On the
other hand, the ligand structures were prepared by adding polar
hydrogen atoms, Gasteiger partial charges, and the torsions were
allowed to rotate. The docked poses were visualized by using the
PyMOL software [27].

2.8. Antifungal assay

The in vitro antifungal activities of the compounds were exam-
ined at 100,150, 200 mgmL�1 concentrations by AgarWell Diffusion
Technique [28] against A. flavus and A. niger. Solutions of the
compounds in DMSO were plated onto the cultured agar medium
and incubated for a period of 48 h at 28�C. The results were
measured in terms of zone of inhibition (in cm). Negative control
used was DMSO. For comparison, the standard drug gentamycin is
also screened under identical conditions.

3. Results and discussion

The analytical data and physical properties of the compounds
Table 1
Analytical and physical data of the ligands and complexes.

Sl no Compounds Colours Yields (%) La
m C Found (Calcd)

1 HMAB Dark green 80 e 63.55 (63.60)
2 HPAB Light brown 75 e 69.53 (69.56)
3 HVAB Orange 70 e 60.16 (60.20)
4 [Co(MAB)2]H2O Dark brown 61 12.37 56.13 (56.16)
5 [Ni(MAB)2] H2O Leaf green 62 10.75 56.15 (56.20)
6 [Cu(MAB)2] 2H2O Red 64 11.48 54.23 (54.25)
7 [Zn(MAB)2] H2O Light yellow 62 14.21 55.60 (55.64)
8 [Co(PAB)2] H2O Brick red 63 11.23 62.71 (62.74)
9 [Ni(PAB)2]H2O Green 64 12.57 62.74 (62.78)
10 [Cu(PAB)2] 2H2O Dark brown 60 10.33 60.91 (60.95)
11 [Zn(PAB)2] H2O White 61 9.52 62.21 (62.25)
12 [Co(VAB)2] H2O Pale yellow 62 7.23 53.46 (53.49)
13 [Ni(VAB)2] H2O Brick red 61 10.17 53.50 (53.53)
14 [Cu(VAB)2] 2H2O Pea green 61 8.18 51.72 (51.76)
15 [Zn(VAB)2] H2O Sky blue 63 10.22 52.99 (53.02)

a Ohm�1 cm2 mole�1.
are listed in Table-1, which are in good agreement with the calcu-
lated values. These reported metal complexes are coloured, non
hygroscopic in nature and soluble in DMSO and DMF.

3.1. IR spectra

The most significant changes in the IR spectra of the conden-
sation products of 2-hydrazinobenzothiazole with o-hydroxy ace-
tophenone, o-hydroxy benzophenone or o-vanillin is the
disappearance of the eNH2 stretching and bending vibration. A
new band assignable to nC¼N (azomethine) appears at ~1560 cm�1

resulting from condensation of the precursor with above aldehyde
or ketones. Besides, all these ligands exhibit a broad and strong
band in the region ~3300 cm�1 attributed to phenolic eOH
stretching vibration [29].

In the metal complexes (Table 2), band at ~ 3300 cm�1 due to
phenolic eOH stretching vibration disappears, there by indicating
it's deprotonation and coordination to the metal ions through ox-
ygen [30]. This is further supported by the hypsochromic shift of
phenolic nC-O mode around ~1280 cm�1 of the free ligand by
10e20 cm�1 [31]. Moreover, the position of band due to nN-H and nC-
N remain unaltered indicating non-involvement of imino nitrogen
in coordination.

The characteristic bands at ~1540, ~1313 and ~845 cm�1 can
tentatively be assigned to nC¼N (cyclic), nC-N (cyclic) and nC-S-C mode
of vibration respectively. In the spectra of complexes former two
bands do not change, indicating nonparticipation of ring nitrogen
atom in coordination. However the later band shifts to lower fre-
quency by 10e20 cm�1 in all complexes showing coordination of
ring sulphur to the metal ions. Besides this, the bands due to nC¼N
(azomethine) and nN-N vibration shift their position in the metal
complexes. The former band shifts to lower frequency by
10e20 cm�1 in all complexes which implies coordination of a
azomethine nitrogen atom [32,33]. Occurrence of nN-N band at
higher frequency region suggest a reduction in repulsion between
the lone pair of nitrogen atom due to electron drainage tometal ion
as a result of coordination via azomethine nitrogen.

All the metal complexes have a pair of sharp bands with mod-
erate intensity around ~550 and ~462 cm�1 attributed to nM-N and
nM-O vibrations respectively. Besides these, the band appearing at
~2567 cm�1 in the IR spectra of the ligand HVABmay be assigned to
stretching vibration of e OCH3

Group [34]. The position of this band remains unchanged
showing non-coordination of eOCH3 group most probably due to
steric reason. In addition, the IR spectra of all the complexes show
the presence of lattice water which is further proved by thermal
H Found (Calcd) N Found (Calcd) S Found (Calcd) M Found (Calcd)

4.57 (4.59) 14.80 (14.84) 11.27 (11.31) e

4.31 (4.35) 12.15 (12.17) 9.24 (9.27) e

4.32 (4.35) 14.01 (14.05) 10.67 (10.70) e

3.70 (3.74) 13.08 (13.10) 9.95 (9.98) 9.17 (9.20)
3.71 (3.75) 13.08 (13.11) 9.96 (9.99) 9.09 (9.13)
3.58 (3.61) 12.62 (12.66) 9.61 (9.64) 9.53 (9.57)
3.68 (3.71) 12.94 (12.98) 9.87 (9.89) 10.01 (10.04)
3.62 (3.66) 10.95 (10.98) 8.32 (8.36) 7.66 (7.71)
3.63 (3.66) 10.95 (10.98) 8.34 (8.37) 7.61 (7.65)
3.52 (3.55) 10.61 (10.66) 8.08 (8.12) 8.02 (8.06)
3.59 (3.63) 10.85 (10.89) 8.27 (8.32) 8.40 (8.43)
3.52 (3.56) 12.44 (12.48) 9.45 (9.50) 8.72 (8.76)
3.53 (3.57) 12.45 (12.49) 9.48 (9.51) 8.65 (8.70)
3.41 (3.45) 12.02 (12.07) 9.18 (9.20) 9.09 (9.13)
3.50 (3.53) 12.33 (12.37) 9.37 (9.42) 9.54 (9.57)

http://www.pdb.org
http://www.pdb.org


Table 2
Infrared spectral data of the complexes (in cm�1).

HMAB [Cu(MAB)2]2H2O HPAB [Co(PAB)2] H2O HVAB [Ni(VAB)2] H2O Assignments

e 3481 e 3485 e 3490 nO-H(lattice water)

2875 2872 e e e e nC-H(eCH3)

e e e e 2572 2569 n(eOCH3)

1630 1630 1625 1627 1625 1625 nC¼C(cyclic)
1605 1602 1608 1606 1610 1607 dN-H
1550 1537 1553 1535 1559 1540 nC¼N(azomethine)
1508 1505 1510 1513 1510 1512 nC¼N(cyclic)

e 1317 e 1300 e 1305 nC-O

1272 1266 1275 1270 1270 1271 nC-N(exocyclic)
1045 1038 1040 1030 1035 1022 nN-N(exocyclic)
955e630 930e645 955e660 950e655 960e650 955e640 dC-H(out of plane)
852 836 865 850 860 844 nC-S-C

e 552 e 540 e 555 nM-N

e 462 e 456 e 460 nM-O
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study. Hence the ligands act as monobasic tridentate donors coor-
dinating through azomethine nitrogen, ring sulphur and deproto-
nated phenolic oxygen to yield metal complexes of the composition
ML2.nH2O. The representative IR spectrum of [Cu(MAB)2 2H2O] is
shown in (Graph 1).

3.2. Thermal analysis

The metal complexes follow similar pattern of thermal decom-
position. All the metal complexes lose water below 100
�Cindicating to be lattice water [35]. The anhydrous complexes
again start decomposing rapidly around ~300 �C due to decom-
position of organic constituents in the complexes. Decomposition
continues up to ~700 1�Cand produces their stable oxides. Thermal
data of these complexes are enlisted in (Table 3). The thermal sta-
bility can be summarized as follows.

MAB complexes: Co (II)<Ni (II)< Zn (II)< Cu (II)
PAB complexes: Ni (II)< Co (II)< Cu (II)< Zn (II)
VAB complexes: Ni (II)< Co (II)< Zn (II)< Cu (II)
3.3. Electronic spectra and magnetic properties

The electronic spectra of Co(II) complexes in DMSO contain two
main bands, a very broad and a strong band around ~10,500 cm�1

(952 nm) and ~22,000 cm�1 (454 nm) respectively. The former
band can be attributed to 4T1g(F)/4T2g(F) (n1) and the later to
4T1g(F)/ 4T1g (P) (n3) transitions respectively. Besides these the
Table 3
Important features of thermogravimetric analysis (TGA).

Complexes Total wt. for TG (mg) Temp. range of Water loss (�C) % of water
loss

Found Calc.

4 19.8 40e100 2.78 2.81
5 17.7 50e110 2.77 2.81
6 21.5 50e110 5.38 5.42
7 11.4 45e100 2.73 2.78
8 20.8 50e100 2.32 2.35
9 15.6 50e100 2.31 2.35
10 16.3 40e110 4.53 4.57
11 12.5 50e100 2.30 2.33
12 14.1 50e115 2.62 2.67
13 13.8 50e100 2.64 2.68
14 17.5 40e100 5.15 5.17
15 18.7 45e95 2.61 2.65
spectra also has two shoulders at ~19,500e21,500 cm�1 (512-
465 nm) and ~16,000e17,000 cm�1 (625-590 nm) region. The
magnetic moment values of Co(II) complexes lie in the range nor-
mally seen for octahedral Co(II) species.

The electronic spectra of Ni(II) complexes are found to possess a
split band system followed by two main bands. The main bands
observed at ~15,000 cm�1 (667 nm) and ~24,500 cm�1 (417 nm)
may safely be attributed to 3A2g(F)/3T2g(F),(n2) and
3A2g(F)/3T1g(P) (n3) transitions respectively under octahedral
symmetry. However, the value of transition energy ratio n3/n2
observed for these complexes are lower than the usual range (~1.7)
for octahedral Ni(II) species. This decrease in value might be due to
some distortion from octahedral geometry. The split band at
~8600 cm�1 (1163 nm) and ~10,200 cm�1 (980 nm) might be due to
splitting of n1 band under D4h symmetry and can be attributed to
3B1g /

3Eg and 3B1g/ 3B2g transitions respectively. The amount of
splitting of n1 band is taken as a measure of degree of distortion.
The meff values of Ni(II) complexes lie in the range expected for
either octahedral or pseudo-octahedral Ni(II) species.

The electronic spectra of all these Cu(II) complexes (Graph 2) are
similar in nature. Here the spectra is characterized by two bands at
~14,200 cm�1 (704 nm) and ~16,810 cm�1 (594 nm) which may be
attributed to 2B1g/

2B2g (n2) and 2B1g/2Eg (n3) transitions, sug-
gesting there by a distorted octahedral geometry for these com-
plexes like the previous case. In this case also the band due to
2B1g/

2A1g is not observed most probably due to superimposition
by n2 band owing to its broadness. Like our previous discussion
here also no band occurs below ~10,000 cm�1 there by ruling out
possibility of tetrahedral or pseudo-tetrahedral geometry. The meff
Decomposition temperature (�C) % of residue Composition of the residue

Found Calc.

240 11.66 11.70 CoO
260 11.60 11.63 NiO
285 11.93 11.98 CuO
235 12.48 12.52 ZnO
235 9.75 9.80 CoO
250 9.70 9.74 NiO
270 10.05 10.09 CuO
260 10.45 10.50 ZnO
230 11.11 11.14 CoO
235 11.04 11.08 NiO
255 11.40 11.43 CuO
265 11.89 11.93 ZnO



Fig. 1. Optimized geometry of the ligand HMAB (L1). Fig. 3. Optimized geometry of the ligand HVAB (L3).
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values of Cu(II) complexes lie in the range 1.79e1.90 B.M. which is
normal for hexa coordinated Cu(II) complexes.
Fig. 4. Optimized geometry of the complex [Zn(MAB)2] H2O.
3.4. NMR spectra

The 1H NMR spectrum of the compounds display a multiplet in
the region d 7.2e7.9 ppm corresponding to 8/13/7 aromatic protons,
while the signals due to exocyclic eNHeN¼ proton appear at
d 9.1 ppm. A signal is also observed at d 2.4 ppm due to eCH3
protons in case of ligand HMAB. In addition, signals due to azo-
methine (-N]CHe) and eOCH3 protons observed at d 8.7 ppm and
d 4.3 ppm respectively. The disappearance of the phenolic OH
proton signal and the downfield signal due to the azomethine
protons, indicate the co-ordination of above groups to the metal
ion. This was also confirmed from IR study. The 13C NMR spectrum
of the synthesized compounds explains the electronic environment
of different kind of carbon atoms present. In the 13C NMR spectrum,
signals appeared in the region 105.4 to 153.2 are due to aromatic
carbons. The signals at 176.4, 169.1 and 18.3 are assigned to C]N
(azomethine), C]N (benzothiazole moiety) and CH3 respectively.
The representative 1H NMR and 13C NMR spectra of [Zn(MAB)2
H2O] are shown in (Graph 3 and Graph 4) respectively.
Fig. 2. Optimized geometry of the ligand HPAB (L2).



Fig. 5. Optimized geometry of the complex [Zn(PAB)2] H2O.

Fig. 6. Optimized geometry of the complex [Zn(VAB)2] H2O.
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3.5. ESR spectra

The ESR spectra of Cu(II) complexes were recorded in DMSO at
300 K, which exhibits a well resolved four line spectrum for
mononuclear nature. There was no features characteristic for a
binuclear complex. This is also supported by the magnetic moment
Table 4
Specified bond length (Å) and bond angle (�) of the ligands.

HMAB (L1) B3LYP/6.31G (d, p) HPAB (L2) B3LYP/6.31G (d, p

Bond length (Å) Bond Angle (�) Bond length (Å) Bo

C2eS20 (1.789) C6eC2eS20 (129.004) C2eS40 (1.789) C1
C5eS20 (1.856) C2eS20eC5 (81.507) C5eS40 (1.857) C2
C5eN16 (1.244) N16eC5eS20 (120.350) C5eN36 (1.243) S4
C5eN18 (1.446) C5eN18eN17 (120.003) C5eN38 (1.446) N3
N17eN18 (1.351) N17eN18eC12 (120.029) N37eN38 (1.351) N3
N17eC12 (1.243) N17eC12eC4 (119.967) N37eC12 (1.243) C1
C14eO19 (1.409) C20eO39 (1.409) C8
values. The spin Hamiltonian parameters were calculated from the
spectrum. The observed order (g11¼2.26> gt¼ 2.07> 2.0023)
indicates that the complex has octahedral geometry [36]. This also
suggests that the unpaired electron exists in dx2-y2 orbital [37], as
evident from exchange interaction term G (G¼ 3.8< 4.0). Here,
g11< 2.3 explains the covalent nature of the M/L bonding [38].
The covalency parameter a2 is also calculated, which suggests the
covalent nature of the copper complexes (Graph 5).
3.6. Powder X-ray diffraction

The X-ray diffraction (powder pattern) for [Co(MAB)2] H2O
complex is analyzed through Phillips X'Pert High score software.
The prominent diffraction peaks were indexed and analyzed by
using LSUCRPC programme package [39] (Graph 6). The lattice
constant such as (a¼ 9.566Å, b¼ 11.143Å, c¼ 6.751Å, a¼ 104.980,
b¼ 101.650, g¼ 75.310, Volume¼ 665.23, Density¼ 1.688 g/cm3.
For the confirmation of diffraction pattern a comparison was made
between detected and evaluated 2q values which are supports from
the figure of merit value (7.3) as proposed by de-Woulff [40].
Standard floatation techniques was used to determine the density
(r) of the cobalt complex. The number of unit cell (n) is evaluated
from the following equation

n ¼ rNV
M

The number of unit cell ‘n’ is establish to be 1.5 that concur well
with the proposed triclinic crystal shape of the cobalt complex.
Average particle dimension of the cobalt complex can be calculated
by using the following Debye Scherrer equation

D ¼ Kƛ=b Cos q

After calculation it is found that the particle size of [Co(MAB)2]
H2O complex is 5.6 nm [41].
3.7. Molecular modelling studies (geometrical optimization and
DFT computation)

Three ligands HMAB (L1), HPAB (L2), HVAB (L3) and its Zn
complexes (Figs. 1e6) were optimized with the help of B3LYP/6-
31G (d, p) and B3LYP/LANL2DZ basic sets for there configura-
tional stable geometry. The observation have been found for the
bond lengths and the bond angles of ligands varies in comparison
with metal complexes mentioned in (Table 4 and Table 5) that
indicate themode of bonding between ligand donor atomswith the
metal ions [42,43].

The calculation of dipole moment and single point energy value
of the ligands HMAB (L1), HPAB (L2), HVAB (L3) and [Zn(MAB)2]
H2O, [Zn(PAB)2] H2O [Zn(VAB)2] H2O, [Cu(MAB)2] 2H2O, [Cu(PAB)2]
2H2O, [Cu(VAB)2] 2H2O complexes are evaluated by DFT/B3LYP 6-
) HVAB (L3) B3LYP/6.31G (d, p)

nd Angle (�) Bond length (Å) Bond Angle (�)

eC2eS40 (129.004) C2eS34 (1.789) C6eC2eS34 (129.004)
eS40eC5 (81.449) C5eS34 (1.856) C2eS34eC5 (81.514)
0eC5eN38 (118.222) C5eN31 (1.244) S34eC5eN31 (120.347)
8eN37eC12 (120.047) C5eN29 (1.446) S34eC5eN29 (118.225)
7eC12eC14 (119.985) N29eN30 (1.351) C5eN29eN30 (119.998)
4eC20eO39 (119.976) N30eC12 (1.243) N29eN30eC12 (120.027)
eC20eO39 (120.001) C14eO32 (1.409) C13eC14eO32 (119.950)

C11eC14eO32 (120.036)



Table 5
Specified bond length (Å) and bond angle (�) of the complexes.

[Zn(MAB)2 H2O] (L1) B3LYP/6.31G (d, p) [Zn(PAB)2 H2O] (L2) B3LYP/6.31G (d, p) [Zn(VAB)2 H2O] (L3) B3LYP/6.31G (d, p)

Bond length (Å) Bond Angle (�) Bond length (Å) Bond Angle (�) Bond length (Å) Bond Angle (�)

C34eS80 (1.567) C30eC34eS80 (120.691) C1eS94 (1.790) C2eC1eS94 (111.011) C1eS85 (1.930) C2eC1eS85 (106.533)
C31eS80 (1.789) C31eS280eC34 (88.924) C5eS94 (1.789) C1eS94eC5 (103.975) C5eS85 (1.482) C1eS85eC5 (93.048)
S80eZn82 (2.832) N72eC31eS80 (110.982) S94eZn96 (3.363) N87eC5eS94 (93.050) S85eZn87 (2.628) N76eC5eS85 (105.398)
C26eN77 (1.446) C31eN76eN77 (120.002) C5eN87 (1.938) C5eN88eN89 (120.032) C5eN76 (1.282) C5eN75eN76 (139.381)
N77eZn82 (0.858) N76eN77eC26 (109.511) N88eZn96 (1.897) N88eN89eC12 (109.493) N76eZn87 (1.756) N76eN77eC12 (99.621)
N76eN77 (1.351) N77eC26eC17 (119.988) N88eN89 (1.349) N89eC12eC14 (120.034) N76eN77 (2.157) N77eC12eC23 (124.868)
O78eZn82 (1.889) Zn82eO78eC14 (109.557) O93eZn96 (1.889) Zn96eO93eC28 (109.521) O83eZn87 (2.083) Zn87eO83eC22 (104.393)
C14eO80 (1.398) C28eO93 (1.410) C22eO83 (1.358)

Table 6
Energetic properties of the ligands and its copper and zinc complexes calculated by DFT/B3LYP 6.31G (d, P) and DFT/B3LYP LANL2DZ basic sets.

Compound Single point energy in kcal/mol Dipole moment (D)

DFT/B3LYP 6.31G (d, P) DFT/B3LYP LANL2DZ DFT/B3LYP 6.31G (d, P) DFT/B3LYP LANL2DZ

HMAB (L1) �7.6498� 105 e 0.587 e

HPAB (L2) �8.8555� 105 e 0.520 e

HVAB (L3) �8.3680� 105 e 0.270 e

[Cu(MAB)2] 2H2O �2.6336� 105 �1.0432� 105 1.821 1.732
[Zn(MAB)2] H2O �2.7194� 105 �1.3271� 105 �1.364 �1.113
[Cu(PAB)2] 2H2O �4.7519� 105 �1.9768� 105 1.235 1.117
[Zn(PAB)2] H2O �5.8136� 105 �2.0237� 105 �1.781 �1.005
[Cu(VAB)2] 2H2O �3.3478� 105 �1.8113� 105 1.201 1.034
[Zn(VAB)2] H2O �3.5619� 105 �2.0031� 105 �1.667 �0.978

Table 7
QSAR Calculation for optimized ligands.

Function Ligand HL1 Ligand HL2 Ligand HL3

Surface area (Approx) (Å2) 395.80 431.05 429.68
Surface area (Grid) (Å2) 516.61 596.14 543.66
Volume (Å3) 830.28 985.07 888.94
Hydration energy (Kcal/mole) �11.83 �11.60 �12.51
Log P 3.83 5.07 3.59
Refractivity (Å3) 26.26 24.99 32.68
Polarizability (Å3) 31.68 39.51 34.15
Mass (amu) 283.35 345.42 313.37
Total energy (kcal/mol) �67838.69903 �82190.90694 �78049.44403
Binding energy (kcal/mol) �3636.021773 �4559.901623 �4006.222971
Heat of formation (kcal/mol) 69.6132273 104.3873772 34.06502904
Electronic energy (kcal/mol) �453632.6312 �627111.863 �550612.2171
Nuclear energy (kcal/mol) 385793.9322 544920.9561 472562.7731
Free energy (kcal/mol) �67838.7 �82190.9 �78049.4

Fig. 7. Docking conformation for the compounds (L1-L3, in wire form) at the CYP51
(PDB: 1EA1) binding site (Protoporphyrin molecule is shown in red stick).
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31G (d, p) and DFT/B3LYP LANL2DZ basic sets (Table 6). In com-
parison among all three ligands single point energy of HPAB (L2) is
possesses less energy which indicates greater stability. Similarly
comparison made with metal complexes of all the ligands
[Cu(PAB)2] 2H2O and [Zn(PAB)2] H2O complexes possesses less
energy and having greater stability [44]. In both the basic set of all
the Cu complexes possesses higher dipole moment value in com-
parison with all the Zn complexes. This clearly indicates all the Cu
complexes have stronger dipole-dipole interaction.

3.8. QSAR studies

The QSAR study of the ligands was made by using HyperChem
Professional 8.0.3 software. All the structures of the ligands are
optimized by applying molecular mechanics force field (MMþ)
followed by semi-empirical PM3 methods. The minimization of
energy was done by applying Fletcher-Reeves conjugate gradient
algorithm. The calculated Partition coefficient log P of the ligands
(HL1¼3.83, HL2¼ 5.07 and HL3¼ 3.59) respectively. The log P
values explain the biological effectiveness of the ligands. The major



Fig. 8. Docking conformation for the compounds (L1-L3, in wire form) at the CYP121
(PDB:2IJ7) binding site (Protoporphyrin molecule is shown in red stick). Fig. 10. CYP121 (PDB: 2IJ7) and ligand (L2) interactions: The binding residues and

hydrogen bonding are represented as constructed in Discovery Studio Visualizer 3.5
(Accelrys, Biovia, USA) (Protoporphyrin molecule is shown in green wire).
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role is the permeability of the used compounds into the cell
membrane [45]. Other essential parameters also calculated after
completion of optimization (Table 7).
Fig. 9. a)CYP51 (PDB: 1EA1) and ligand (L2) 3D-interactions: The binding residues and
(Accelrys, Biovia, USA) (Protoporphyrin molecule is shown in green wire). b). CYP51 (PDB: 1
represented as constructed in Discovery Studio Visualizer 3.5 (Accelrys, Biovia, USA) (Proto
3.9. Molecular docking studies

To identify how these molecules (L1, L2 and L3) can bind to
CYP121 (PDB: 2IJ7) and CYP51 (PDB: 1EA1) proteins, molecular
hydrogen bonding are represented as constructed in Discovery Studio Visualizer 3.5
EA1) and ligand (L2) 2D-interactions: The binding residues and hydrogen bondings are
porphyrin molecule is shown in green wire).



Fig. 11. Comparison of (A) L series ligands (L1, L2 and L3 in wire form) and (B) L2 in
complexed with various ions (Cu, Co, Ni, Zn) with CYP51 (PDB: 1EA1). (Protoporphyrin
molecule is shown in red stick).

Fig. 12. CYP51 (PDB: 0/11EA1) and ligand complex (A) L2-Co, (B) L2-Cu, (A) L2-Ni, (B)
L2-Zn interactions: (Protoporphyrin molecule is shown in green stick).

Graph 2. Electronic spectrum of [Cu(MAB)2] 2H2O.

Graph 3. 1H NMR spectrum of [Zn(MAB)2] H2O.
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docking studies were carried out (Fig. 7 and Fig. 8). The docking
protocol verified by re-docking the fluconazole into the active site
of CYP121 (PDB: 2IJ7) and CYP51 (PDB: 1EA1) proteins. From the
docking study, it was found that the ligand L2 shows the best af-
finity towards both of the proteins [46]. An overview of the
receptoreinhibitor binding interaction is shown in Fig. 9(a) and (b)
and Fig. 10. Further, the L2 in complexed with various ions (Cu, Co,
Ni, Zn) were docked to understand the binding with CYP51 (PDB:
1EA1) (Figs. 11 and 12).
Graph 1. Infrared spectrum of [Cu(MAB)2] 2H2O.
3.10. Antifungal activity

The in vitro antifungal activities of these compounds were
examined at different concentrations by using Agar Well Diffusion
Technique. The results of the study are given in (Table 8). It is
observed that the metal complexes exhibit greater activity than the
free ligands. This may be explained on the basis of chelation theory.
It is also observed that, the activities of the synthesized metal
complexes increase with increase in the concentration of the test
solution. It is because the concentration plays a vital role in
Graph 4. 13C NMR spectrum of [Zn(MAB)2] H2O.



Graph 5. ESR spectrum of [Cu(PAB)2] 2H2O.

Graph 6. XRD graph of [Co(MAB)2] H2O.

Graph 7. Effect of the ligands and complexes on the growth of Aspergillus flavous.
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increasing the degree of inhibition of antifungal growth. In addi-
tion, many other factors like nature of the ligand, solubility, dipole
moment, conductivity and geometry may be responsible for the
higher activity [47,48]. The comparative antifungal activities of
Table 8
Antifungal activities of the synthesized compounds (zone of inhibition in mg mL�1).

Sl. No. Compounds Aspergillus flavus

100 A (Black) 150 B (Red)

1 HMAB 7.6 9.2
2 HPAB 9.3 10.8
3 HVAB 10.2 12.1
4 [Co(MAB)2]H2O 13.3 15.2
5 [Ni(MAB)2] H2O 10.4 11.6
6 [Cu(MAB)2] 2H2O 11.2 12.8
7 [Zn(MAB)2] H2O 9.6 11.2
8 [Co(PAB)2] H2O 17.1 19.3
9 [Ni(PAB)2]H2O 12.4 14.2
10 [Cu(PAB)2] 2H2O 15.2 17.4
11 [Zn(PAB)2] H2O 11.3 13.1
12 [Co(VAB)2] H2O 16.2 18.3
13 [Ni(VAB)2] H2O 12.3 14.5
14 [Cu(VAB)2] 2H2O 14.1 16.2
15 [Zn(VAB)2] H2O 12.3 14.4
16 Gentamycin (std.) 56.4 59.3
complexes with HMAB, HPAB and HVAB against two stains of fungi
such as A. flavus and A. niger are shown in (Graph 7 and Graph 8).

4. Conclusion

The present study revealed that all these metal complexes are
neutral in nature which is evident from their extremely low values
of conductivity. All themetal complexes containwater molecules in
their lattice, which certainly do not participate in coordination to
the central metal ions as indicated from their thermal behavior.
They are removed at a much lower temperature than the coordi-
nated molecules. This is further corroborated from IR spectral in-
vestigations. The octahedral geometry of all the complexes are
established with tridentate chelation of ligand. From the powder
XRD pattern shows that the cobalt complex is triclinic crystal sys-
tem. The molecular modelling study supports experimental find-
ings of the bonding sites of the ligands, symmetry and stability of
the complexes. The QSAR study of the ligands shows all the func-
tional parameters of ligand HPAB is grater, so it is more potent
among all the ligands. Molecular docking studywas also carried out
to explain the binding pattern of reported compounds toward
target proteins CYP121 and CYP51. The study revealed that the
Aspergillus niger

200C (Blue) 100 A (Black) 150 B (Red) 200C (Blue)

11.3 9.4 10.8 12.3
12.5 11.2 12.7 14.2
13.4 13.5 15.1 16.6
16.7 14.4 16.3 18.2
13.2 12.1 14.2 16.3
14.3 13.4 15.2 17.4
13.4 10.3 11.8 14.2
22.1 16.2 18.5 21.1
16.2 13.3 15.4 17.3
19.3 15.6 17.8 20.1
15.6 12.2 14.3 16.2
21.1 19.3 21.2 23.3
16.2 15.4 17.3 20.2
18.4 17.1 19.2 21.4
16.5 14.4 16.2 18.3
62.7 52.2 56.5 61.1



Graph 8. Effect of the ligands and complexes on the growth of Aspergillus niger.
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ligand L2 shows the best affinity towards both of the proteins.
Furthermore, the metal complexes have greater antifungal activity
as compared to the free ligands. This may be explained due to
enhanced lipophilic property of the central metal ion as a result of
chelation with the ligand moieties. Hence, this study will help the
researchers to develop new antifungal agents with higher potency.
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