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Abstract

Metal complexes of the type [M(AMBTDH),], (M = Fe(II), Cd(II), Mn(II), Co(Il), Ni(1I), Zn(1I), Pd(II), Hg(Il) and
Cu(ll)) of HAMBTDH (4{[(6-chloro-1,3-benzothiazol-2-yl)imino]methyl}benzene-1,3-diol) ligand, have been
synthesized and characterized by elemental analysis, NMR, infrared, electronic absorption, mass, magnetic moments,
Xrd, and ESR spectroscopic methods. Based on the spectrum data, a square planar geometry is proposed for the PA(II)
complex; tetrahedral geometry is proposed for the Hg(I1), Cd(II), and Zn(II) complexes; and high spin octahedral in
nature is proposed for the other complexes. The low molar conductance values in nitrobenzene indicate that the metal
complexes are non-electrolytes.  Additionally, the antimicrobial activities of the all-prepared compounds were
investigated and analysed as part of this investigation.

Keywords: Metal complexes, biological activity, Square planar, Tetrahedral and Octahedral geometry.

1. INTRODUCTION:

The structures and potential applications of transition metal complexes containing Schiff base ligands [1-
4] have been intensely studied for many years. Benzothiazole is one example. These days, scientists can't
get enough of studying Schiff base complexes [5, 6]. Researchers have paid much attention to the
coordination chemistry of bi-dentate Schiff bases with N and O donor ligands. Because of their unique
ligation behaviour and chelating capacity, azomethine derivatives are greatly interested in coordination
chemistry. Extra donor sites, such as a -OH group, can be found in the ligands. They're more adaptable
and flexible attributable to the extra donor locations. These ligands possess a wide variety of biological
characteristics, including antifungal [7-9], antibacterial [10], and anticancer [11, 12] actions, and can react
with metals in either their neutral or monoanionic states. Electrostatic, groove, intercalative, and partial
intercalative binding modes, including non-covalent interactions with DNA, are synthesised with the help
of transition metals. Intercalation has become prominent due to its potential uses in cancer treatment
and molecular biology [14-17].

DNA's properties as a biological receptor make its binding nature with transition metal complexes an
active area of study. Biological effects, such as the anticancer impact through DNA binding, are often
observed with transition metal complexes. Changes in DNA replication and the suppression of tumour
cell proliferation are just two of the many results of this phenomenon. Because of this, more and better
anticancer medicines have been available, the efficacy of which is highly dependent on affinity and
mechanism of binding. In addition to their physicochemical features, Co(II), Ni(II), and Cu(II) complexes
also display a wide variety of biological activities [18-20]. In consideration of the preceding, we provide
herein the results of investigations on the synthesis and characterisation of 2, 3-dihydroxybenzaldehyde
derivatives of 6-methoxy-2-aminobenzothiazole (HAMBTDH) ligand and its transition metal complexes,
as well as their antifungal and antibacterial properties.

MATERIALS AND METHODS:

Sigma-Aldrich, Merck, and BLD Pharma supplied all the solvents and reagents. The Schiff bases and their
metal complexes were analysed using a Perkin Elmer 240C elemental analyzer to determine their
individual carbon, hydrogen, nitrogen, and sulfur content percentages. The Bruker IMPACT HD mass
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spectrometer was used to perform mass spectrometry. The Schiff base NMR spectra were acquired with a
Bruker 400 MHz NMR apparatus with a TMS standard. Electronic absorption spectra were taken in DMF
using a JASCO V650 UV-visible spectrophotometer. Brucker FT-IR spectrometer on KBr pellets was used
to record FT-IR spectra in the range 4000-500 cm™. Using Hg[Co(NCS),] as a standard, the magnetic
moments of the complexes were measured on a Gouy balance, and their diamagnetic corrections were
established using Pascal's constants. The JES - FA200 ESR Spectrometer with a Q band acquired the
spectra at room temperature. Powder X-ray diffraction analysis was performed by BRUKER D8
VENTURE instrument with Cu-Ka radiation (wavelength 0.154 nm) operating at 40 kV and 30 mA.
Measurements were scanned for diffraction angles (20) ranging from 20 o to 90° with a step size of 0.02¢
and a time per step of 1 s.

Synthesis of HAMBTDH ligand:

The method for synthesizing the ligand is outlined in Scheme 1. A round bottom flask containing a 10
mM ethanolic solution of 6-methoxy-2-aminobenzothiazole was subjected to magnetic stirring.
Subsequently, a 10 mM ethanolic solution of 2, 3-dihydroxybenzaldehyde was added dropwise to the flask
in a 1:1 ratio. The reaction mixture underwent reflux at 50-60 °C temperature while continuously stirring
for 3.5 hours. The advancement of the reaction was observed using thin-layer chromatography (TLC).
The solution was allowed to cool to ambient temperature. Afterwards, the solid product with a yellow
solid was separated and subjected to a purification process involving cold ethanol and petroleum ether
washes. The Schiff bases were subjected to vacuum drying using desiccators containing anhydrous CaCl,.
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Scheme-1: Preparation of HAMBTDH

Synthesis of metal (II) complexes:

As the hot ethanolic solution of HAMBTDH ligand (10 mM) was being agitated, a drop-by-drop addition
of a hot ethanolic solution of metal sulphates (5 mM) was prepared. The colour developed in the solution
as it was being added. A dilute alkali was used to get the pH level up to 7. We next filtered and washed
the acquired solid product with hot ethanol to remove any impurities. Vacuum desiccators dehydrated
the metal complexes in an anhydrous CaCl, solution.

Antimicrobial activity:

The HAMBTDH ligand and its complexes were tested for antimicrobial activity using the disc diffusion
method on a nutrient agar plate [21-22]. Two Gram-positive bacteria, B. subtilis, S. aureus and two Gram-
negative bacteria, Escherichia coli and P. aeruginosa, were used to test the antibacterial activity in vitro.
Similarly, two fungi, S. cerevisiae and C. albicans, were used to test the antifungal activity. The standards
for antibacterial and antifungal drugs were streptomycin and fluconazole, respectively. For each compound,
a stock solution with a 500 g/mL concentration was made by dissolving 5 mg of the sample in 10 mL of
DMSO. After setting the dishes aside for an hour, the drug solution diffused more easily throughout the
dish. The zone of inhibition was then measured in millimetres after the plates were incubated at 37°C
for 24 hours for bacteria and 48 hours for fungi. After incubation for 24 hours at 37°C, the concentration
(mg/mL) of chemical that inhibits bacterial growth was determined. None of the microorganisms
examined were affected by increasing the DMSO content in the medium.

In vitro cytotoxicity:

Synthesized HAMBTDH ligand and complexes of Mn(II), Fe(II), Co(II), Ni(II), Pd(II), Cu(II), Zn(II),
Cd(IT), and Hg(II) were investigated for cytotoxicity (brine shrimp bioassay) [23]. Eggs for shrimp were
placed in one half of a tank that had been divided in half and then filled with artificial seawater (38 g
NaCl/1000 mL tap water). The eggs were allowed to hatch into nauplii within 48 hours. The newborn
shrimp were collected to be used in a bioassay. The test tubes included varying amounts of dried
complexes (2.5, 7.5, 10, and 12.5 mg/10 mL). The cytotoxic potential of the complexes was evaluated by
dissolving DMSO in them. A Pasteur pipette transferred 10 living shrimp to each test tube. A control
group was included to ensure the testing protocol and results for the agent's cytotoxic activity were
accurate. After 24 hours, the tubes were examined under a microscope to count the surviving nauplii and

record other relevant observations. There were three sets of five replicates for each experiment. We
determined the LC50, 95% confidence limit, LC90, and chi-square using the collected data. Abbott's
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method [24] was used to adjust the data to account for the occurrence of control fatalities. % deaths =
[(test-control)/control] x 100.

RESULTS AND DISCUSSION:

There is colour and room-temperature stability in the HAMBTDH ligand and its metal complexes.
Methanol, acetonitrile, chloroform, DMSO, DMF, DCM, etc., are all organic solvents compatible with
HAMBTDH ligands. It has been determined that all of the complexes are insoluble in water but soluble
in DMF, nitrobenzene and DMSO. All synthesized complexes provide analytical data that agrees well with
projected values for 1:2 metal-toligand stoichiometric ratios. At room temperature, the molar
conductance of the complexes in nitrobenzene (10° M solutions) was measured, and the results are shown
in Table 1, indicating they are non-electrolyte in nature [25].

Table-1: Physico-chemical and analytical data of HAMBTDH ligand and its metal complexes

Comp Colou | MW % MP/ | Element Content Con | MM
r Yield | DP M | C H N | O S d

HAMBTD | Yellow | 300.33 | 74.6 | 180 |- 59. 14.03]93 | 159 | 10.

H 9 99 3 8 68

Fe(AMBTD | Blue 654.55 | 88.6 | 205 85 |55 |[336]85 |14.6 |9.7 | 225 |5.16

H), 9 4 05 6 8 9

Co(AMBT | Brown | 659.65 | 74.6 | 200 8.9 | 54. | 334 |84 | 14.6 | 9.7 |391 |4.39

DH), 2 4 57 9 0 0

Ni(AMBTD | Orang | 659.35 | 78.7 | 201 8.9 | 54. | 334 |84 |14.6 | 9.7 |991 | 296

H), e 6 0 60 9 0 1

Pd(AMBT | Orang | 706.66 | 80.9 | 205 15. | 50. [ 31179 | 146 | 9.0 | 0.85

DH), e 1 00 |94 3 0 6

Cu(AMBT | Green | 664.21 | 82.2 | 206 9.5 | 54. | 331 |84 | 145 |96 | 1.71 | 2.13

DH), 6 7 20 3 0 4

In(AMBT | Yellow | 666.05 | 76.9 | 205 9.8 | 54. | 330 |84 | 144 | 9.6 | 2.87

DH), 7 2 05 1 0 1

Cd(AMBT | Yellow | 713.07 | 68.3 | 209 15. | 50. [ 3.09 |78 | 13.5 |89 |0.83

DH), 0 77 |49 5 0 8

Hg(AMBT | Red 800.66 | 74.1 | 212 25. | 44. | 2.75169 | 119 |79 | 1.88

DH), 4 05 |96 9 9 9

DH), 3 1 08 8 0 9

Mn(AMBT | Brown | 653.59 | 76.1 | 200 | 8.4 |55. |337 |85 147 |97 | 1.74 | 531

FT(IR) spectroscopy:

Table 2 summarises the significant infrared (IR) bands observed in the ligand and its metal (IT) complexes,
along with their recommended assignments. The infrared spectra of the unbound HAMBTDH ligand
exhibited a distinct peak at 3068 cm™, which can be attributed to the presence of a phenolic ~-OH group.
This peak was absent in the spectra of the corresponding metal complexes, suggesting that the phenolic
-OH group undergoes deprotonation upon the formation of the complexes. Complexes exhibited a
pronounced and wide peak within the 3224-3422 cm™ spectral region. This peak can be attributed to a
second hydroxyl (OH) group in the meta position relative to the phenolic ~-OH group [26]. The
confirmation of the coordination of the phenolic -OH group is supported by the observed shift of a band
from 1160 cm” (HAMBTDH) to a lower frequency range of 1121-1156 cm”. This shift is attributed to
the stretching frequency of the C-O group of the HAMBTDH ligand [27, 28]. The stretching frequency
of the azomethine (-C=N) in the Schiff base experiences a downward shift of 7-18 cm~' during
complexation, indicating the coordination of the azomethine nitrogen to the metal ion [29, 30].
Furthermore, two additional bands were observed in the lower frequency area between 535-607, 511-537
cm” and 507-514 cm™. These bands can be attributed to the stretching frequency of the M—N, M—S
and M-O bonds [21-24]. The appearance of these bands provides further evidence supporting the
coordination of the complexes, as depicted in Figure 1.
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Table 2: FT(IR) spectral data of HAMBTDH ligand and its metal complexes

) N [s
S e e N N E S M R LY
HAMBTDH | 2999 3068 294 290 ;63 533 1160 éu

EIe)(ZAMBTD 1397 _ 594 206 ;58 51;32 1156 ;21 579 23 o7
Ec))Z(AMBTD 1416 _ $99 206 ;58 51;31 o1 ;21 55 gs s14
l:li)(zAMBTD 142 _ goo 306 ;53 51;34 126 ;21 550 36 53
EC)IZ(AMBTD 1397 ’ 306 ;94 é63 51;32 1124 ;21 579 37 0
El)lz(AMBTD 1326 ‘ ;92 (2)83 é63 ;27 123 ;22 s gs sis
%I‘;EAMBTD 3270 ) ;“ 391 }63 ;30 1126 ézo 607 |- | 511
E?Z(AMBTD 3391 ) %92 (2)85 (1)58 ?O 1152 fl 535 |- | 516
gi(AMBTD 3381 ) ?18 279 ;65 é32 1123 ézz 544 |- | 518
gﬁg‘;MBT 3224 : 315 goz ;63 ;30 1124 izo 606 ? 511

ESR spectra:

The electron spin resonance (ESR) spectra of the [Cu(AMBTDH),] complex offer valuable
insights into the degree of electron delocalization and the characteristics of the metal-ligand interaction.
The spectra analysis reveals that the values for g||, g1, and G are determined to be 2.12, 2.08, and 1.51,
respectively. The observed g| value is higher than the corresponding g value, indicating that the
[Cu(AMBTDH),| complex exhibits a distorted octahedral geometry. Furthermore, an unpaired electron
localized in the d,;-,, molecular orbital suggests that the complex has a ’B,, ground state. The number
denoted as "G" in the study indicates the presence of significant trade contacts across copper centres [34].
The gvalue, as indicated by the data from sources [35, 36], is less than 2.3, implying a covalent link
between the metal and ligand.

UV.visible spectra and Magnetic moments:

Table 3 summarises the UV-visible spectroscopic analysis performed at room temperature on DMF
solutions of the HAMBTDH ligand and its metal (II) complexes. Two distinct absorption bands, at 270-
321 and 348-379 nm, were observed for the HAMBTDH. These bands correspond to the m—T* transition
of the aromatic ring and the n—7* transition of the azomethine group. These bands' locations alter to
shorter/longer wavelengths in metal complexes, evidence of HAMBTDH ligand coordination with metal
ions. In addition, the d - d transition provides all complexes with a second, identifying broadband in the
visible spectrum.

Since there are five unpaired electrons in the octahedral structure, the effective magnetic moment of the
Fe(Il) complex is 5.16 BM [37]. Absorption bands at 595nm, by the *T,,—’E, electronic transition [38],
were observed in the electronic spectra of the Fe(II) complex, confirming the presence of an octahedral
Fe(Il) complex.

The electronic spectrum of the cobalt(Il) complex includes the d-d transition bands at 900 and 628 nm.
The *T,(F) =Ty, (F) v, and *T,(F) »*A,(F) v,, are the corresponding transitions. The octahedral
geometry of the complexes is reflected in the shape of the transitions. The nickel(II) complex's absorption
spectra show two dd transition bands at 978 and 507 nm. These bands are denoted as follows: *A,, (F) —
3ng(F) v, and 3A2g(F) — 3Tlg(P) v;. These changes show that the nickel complex possesses Dy, symmetry
and an octahedral structure [39].
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The ligand field parameters Racah inter-electronic repulsion parameter B, ligand field splitting
stabilisation energy 10 Dq, covalency factor, and ligand field stabilisation energy (LFSE) have all been
determined for the Co(II) and Ni(II) complexes. From the transition energy ratio diagram, the values of
B and Dq of Co(lI) complexes were determined using the V;/v; ratio. The evaluated values in Table 3
consider the covalent character of the complexes being studied (40].

At 638nm, this absorption was observed in the Cu(Il) complex [41]. This transition, 2Blg—>zEg, indicates
a distorted octahedral geometry enclosing copper(Il). Electronic spectrum and magnetic moment
measurements suggest that the Mn(II) complex has an octahedral structure. Spectra showing bands at 512
and 381 nm are compatible with octahedral geometry and correspond to the °A,,—’T (P) and °A,,—’T,,
(F) electronic transitions, respectively [42]. The octahedral geometry of the complex is confirmed by its
effective magnetic moment of 5.31 BM [43].

Table 3: Electronic spectral data of HAMBTDH ligand and its metal complexes

Compound Anm Transition
HAMBTDH 325 T—T*

270 T—T"
Mn(AMBTDH), 512 ‘A, — T(*P)

381 °A,, — *E('D)
Fe(AMBTDH), 595 °T,,—’E,

352, 348, 270 L — M charge transfer
Co(AMBTDH), 900 Tiary = Taoury (V1)

628 4T1g(1:) —>4T2g(P) (vy)
Ni(AMBTDH), 918 EAZg(F)_) 3TZg(F) (vy)

507 AL (F) — T (P) vy
Pd(AMBTDH), 350, 339 L — M charge transfer
Cu(AMBTDH), 638 By — Ay (vy)
In(AMBTDH), 363, 348, 341 L — M charge transfer
Cd(AMBTDH), 379, 321 L — M charge transfer
Hg(AMBTDH), 371, 340 L — M charge transfer

NMR spectra:

For '"H NMR spectroscopy, metal complexes were dissolved in DMSO-ds. The HAMBTDH
ligand's broad signal seen at §12.073ppm, assigned as phenolic -OH proton (C2), this proton is missing
in the Pd(II), Zn(II), Cd(II), and Hg(II) complexes. If this signal is absent, oxygen coordination has taken
place, and the proton is lost during complexation. No change is seen in the spectral lines of the aromatic
proton multiplets at 6.45-7.85 ppm, the aromatic -OH (C4) group singlet at 10.74-10.75 ppm, or the -
CH-= protons of the ring singlet at 9.23-9.24 ppm, indicating that these groups are not involved in
coordination ().

Table 4: '"H NMR spectral data of HAMBTDH ligand and its metal complexes

Comp -OH (C2) ;CC)?) -CH= -OCH, Aromatic Protons
HAMBTDH 12.07 10.74 9.23 3.89 6.44-7.85
Pd(AMBTDH), | - 10.74 9.23 3.90 6.45-7.58
In(AMBTDH), | - 10.73 9.24 3.90 6.44-7.59
Cd(AMBTDH), | - 10.74 9.23 3.91 6.46-7.82
Hg(AMBTDH), | - 10.73 9.24 3.88 6.45-7.81

X-Ray Diffraction:

Homo-binuclear metal complexes' X-ray diffraction was measured from 10-80 angstroms at a wavelength
of 1.498. Each peak's 2 value, relative intensity, and interplanar spacing (d-values) are displayed in the
accompanying data of the diffractogram. The metal complexes' average crystallite size (XRD) was
determined using Scherer's formula. The crystalline phase of metal complexes was identified by the strong
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peaks in the XRD patterns [44]. The average crystallite size of the copper(Il), cobalt(Il), nickel(II), and
manganese(II) Schiff base metal complexes is 1, 21, 45, and 41 nm, respectively. Cr(III), Fe(II), Co(Il),
Ni(II), and Cu(Il) were the h*+ k* + I* values. The computed lattice parameters for metal complexes are
a=7.4, b=6.59, and c=3.18. Octahedral systems could account for the reported metal complex values [45-
47].

Biological activity:

Antibacterial and antifungal activity was tested for the synthesised HAMBTDH ligand and its metal
complexes against two Gram-positive bacteria (B. subtilis (MCC 2010) and Staphylococcus aureus (MCC
2408)), two Gram-negative bacteria (Pseudomonas aeruginosa (MCC 2080) and E. Coli MCC 2412)), and
two fungi (C. albicans MCC 1439) and S. cerevisiae MCC 1033)).

Table 5 summarises the microbiological data and compares them to the gold standard in pharmaceuticals.
According to Figure 1, the metal complexes have higher antibacterial activity than the free HAMBTDH
ligand but lower activity than the standards. The atomic radius of the Cu(Il) ion may explain why copper
complexes have demonstrated greater biological activity than those of any other metal [48]. Metal
complexes have high lipophilicity, which can be used to explain the complexes' enhanced antibacterial
action [49]. According to Overtone's theory of cell permeability, the lipid membrane surrounding an
organism cell selectively allows passage of only lipid-soluble molecules, making the lipophilic characteristic
the master regulator of antimicrobial activity. Due to the overlapping of the ligand orbital and the partial
sharing of the metal ion with donor groups, chelation also decreases the polarity of the metal ion to a
greater extent. The complexes’ lipophilicity improves due to increased electron delocalisation across the
chelate ring. While chelation is the most important element in determining antimicrobial activity, other
properties of the complexes, such as dipole moment, solubility, geometry of complexes, stereochemistry,
coordination sites, concentration, and hydrophobicity, also play a role.

Table 5: Antibacterial studies of HAMBTDH ligand and its metal complexes

Antibacterial Activity (zone of inhibition)
Compound B. .

S. aureus » E. coli P. aeruginosa

subtilis

HAMBTDH 9 7 8 7
Fe(AMBTDH), | 11 14 15 0
Co(AMBTDH) 16 15 17 12
2
NIAMBTDH) | 16 18 15
2
Pd(AMBTDH) 21 15 15 12
2
CulAMBTDH) | , 4 24 20 19
2
Zn(AMBTDH) 13 18 0 6
2
Cd(AMBTDH) v 13 0 19
2
He(AMBTDH) |, 13 16 17
2
Mn(AMBTDH 15 16 2 9
)
Streptomycin 10 7 13 8
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Antibacterial Activity

HAMBTDH  Fe(AMBTDH)2 Co(AMBTDH)2 Ni(AMBTDH)2 Pd(AMBTDH)2 Cu(AMBTDH)2 Zn(AMBTDH)2 Cd(AMBTDH)2 Hg(AMBTDH)2 Mn(AMBTDH)2  Streptomycin

30

25

20

—
W

Zone ofinhibition in mm
=

B Antibacterial Activity (zone of inhibition) S. aureus B Antibacterial Activity (zone of inhibition) B. subtilis

= Antibacterial Activity (zone of inhibition) E. coli B Antibacterial Activity (zone of inhibition) P. acruginosa

Figure 1: Antibacterial activities of HAMBTDH ligand and its complexes

Table 6: Antifungal studies of HAMBTDH ligand and its metal complexes

Antifungal Activity (zone of inhibition)
Compound
C Albican S. C
HAMBTDH 7 6
Fe(AMBTDH), 15 13
Co(AMBTDH), 16 17
Ni(AMBTDH), 19 20
Pd(AMBTDH), 9 11
Cu(AMBTDH), 11 9
Zn(AMBTDH), 12 10
Cd(AMBTDH), 17 11
Hg(AMBTDH), 22 9
Mn(AMBTDH), 13 18
Fluconazole 10 8
25
20
15
& & S S & S &
& &Q O < &Q QO S < < &0&
& <<°@§® c°@§® é‘ﬁ{b Q6®& @\V& w“@@ &ﬁ& wf& &8@ N
B Antifungal Activity (zone of inhibition) C Albican ® Antifungal Activity (zone of inhibition) S. C.

Figure 2: Antifungal activities of HAMBTDH ligand and its complexes
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CONCLUSION:

Mononuclear binary metal(II) complexes of 4-{[(6-chloro-1,3-benzothiazol-2-yl)imino]methyl}benzene-1,3-
diol were synthesized and characterized using a variety of spectral and analytical techniques. Based on the
results, a square planar geometry is proposed for the Pd(II) complex; tetrahedral geometry is proposed for
the Hg(II), Cd(II), and Zn(II) complexes; and high spin octahedral in nature is proposed for the other
complexes were proposed, with coordination occurring through the azomethine's nitrogen atom and the
hydroxyl group's oxygen atom. The stoichiometry of the complexes was determined to be 1:2 (metal:
ligand). In conclusion, the results of the antibacterial activity investigation showed that the metal
complexes are more effective than the free ligand against all the tested microorganisms. When compared
to Co(II) and Ni(II) complexes, the Cu(Il) complex showed the greatest antibacterial activity. Based on
spectral studies, the structures of complexes are assigned as follows;

Ve 78
. 7/

Where M; = Mn(II), Fe(II), Co(II), Ni(II) and Cu(Il) Where Mz = PA(II), Zn(1I), Cd(II) and
Hg(II)
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