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Abstract

New ligand (HMPBT) ligand is prepared via condeimsabf 2-mercaptoaniline and 2-
mercaptobenzoic acid in 1:1 ratiMetal complexes are prepared and characterized by
different physical techniques (IR, UV/VisH NMR, *CNMR, TGA, DTA, DSC, XRD,
magnetic moment and electrical conductance measmtsin From the elemental
analyses data, the complexes were proposed tothavgeneral formulae [M(MPBT])
(where M= Co(ll), Ni(ll), Cu(ll) and zZn(ll) and MPB = Ligand. The molar
conductance data reveal that all the metal chela¢es non-electrolytes. Infrared spectra
of the complexes indicate deprotonation and coatdin of the thiol —SH. It also
confirms that nitrogen atom of the benzothiazoleugr contribute to the complexation.
Electronic spectra and magnetic susceptibility messents as well as quantum
chemical calculations reveal square planar geonfetrZu(ll) and Ni(ll) complexes and
tetrahedral geometry for Co(ll) and Zn(ll) complex&he activation of thermodynamic
parameters are calculated using Coast-Redfern (ERjpwitz—Metzger (HM), and
Piloyan—Novikova (PN). The geometries of the comedeare confirmed using DFT
method from DMOL calculations and ligand field parameters. The stigated ligand
and metal complexes were screened for thewitro antimicrobial activities against
different types of fungal and bacterial strainseThsulting data assert on the inspected
compounds as a highly promising bactericides angifides. The binding activities of
zinc (II) complex with CT-DNA was investigated ugiabsorption titration, fluorescence
spectroscopy and cyclic voltammetry measurements Tmis-HCI buffer system at pH
7.0. In addition to these methods, gel electroptierand viscosity measurements were
also carried out to determine DNA-binding acti\stiith zinc (1) complex in a buffer



solution. The results indicated that zinc (Il) cdexpinteracts strongly with CT-DNA
through the intercalative binding mode.
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1. Introduction

Compounds containing sulfur are omnipresent in neatlihese compounds include
thiophosphate pesticides, antibacterial agents, (gemicillins and cephalosporins), and
important biological agents and metabolites (ecgsteine, homocysteine, glutathione,
coenzyme A, and biotin). Sulfhydryl groups —SH &he most reactive in protein
molecules (enzymatic and receptor), and the pdggibi their chemical modification
has an important regulative role [1-3]. Furthermosmailfur-containing organic
compounds and especially aromatic thiols have a#dhenormous attention due to
theirs potential applications in molecular electcodevices, taking advantage of their
high conductivity and nonlinear optical propertiék Due to the importance and useful
properties of Sulfur-containing compounds, the scaand application of these
compounds have increased tremendously [5]. On timerohand, many chemical
processes in these systems are modulated by trsteese or the formation of
intramolecular hydrogen bonds (HBs). TheB}-(mino methyl benzenethiol (IBT) is
one of the interesting benzenethiol derivatives,ictvhinvolved in the S-H---N
intramolecular hydrogen bonding. HB in its varicagpects continues to be a topic of
extreme scrutiny in various chemical and biologiegdtems, as it plays a vital role in
stabilizing molecular structures, and modulating@cficity and speed of enzymatic
reactions [6-8]. The hydrogen bonds can effect ba molecular structure and
properties in the excited state. On the other hamie-dependent DFT (TD-DFT)
method has been demonstrated as an effective watheoretically study HBs in
different  electronic  states  [9-11]. In the  presenwork, 2-(2-
mercaptophenyl)benzothiazole and their correspandiretal complexes have been
studied. The geometry of the complexes is chainaetkby means of spectral, magnetic,
thermal studies and DFT calculations. Also, thddgical activities of the ligand and
their metal complexes have been investigated.

2. Experimental
2.1. Materials and methods



The 2-mercaptoaniline and 2-mercaptobenzait molecules used in this study were
obtained from commercial source (Sigma-Aldrich) amere used without any
purification. Elemental analyses (C, H, N, S) wpexformed on a Perkin—Elmer 2408
CHN Analyzer. Molar conductivities were measureddMSO solution of the complexes
(107 M) using a CON 6000 conductivity meter, Cybersdamech instruments. The FT-
IR spectra were recorded at the interval 400-4000 at room temperature on a Perkin-
Elmer Spectrum Two FT-IR Spectrometer with 0.5 trstandard resolution in the
transmission mode in solid phase of sample. Thepamere compressed into self-
supporting pellet and introduced into an IR cellipged with KBr window. ThéH and
¥ NMR chemical shift experiments were performed hwBRUKER BIOSPIN-
AVANCE Il 400 MHz NMR spectrometer at temperatwe295 K. The samples were
dissolve in DMSO. The chemical shifts were reportatd ppmlevel relative to
tetramethylsilane (TMS). ThiH and**C NMR chemical shift values were obtained at a
frequency of 400 MHz. The mass spectra were redolgyethe El technique at 70 eV
using MS-5988 GC-MS Hewlett—Packard instrument lie Microanalytical Center,
Cairo University. Magnetic susceptibilities of tlvemplexes were measured by the
modified Gouy method at room temperature using MagnSusceptibility Johnson
Matthey Balance. The effective magnetic momentswatculated using the relatipgs
= 2.828f,T)"? B.M., wherey, is the molar magnetic susceptibility corrected for
diamagnetism of all atoms in the compounds usinigv@el and Pascal’'s constants.
Electronic spectra were recorded on a UV2 Unicam/\liB/ Spectrophotometer. EPR
spectra of Co(ll), Ni(ll) and Cu(ll) the complexegere recorded as polycrystalline
samples, at room temperature, on an E4-EPR spestieorasing the DPPH as tle
marker.The X-ray diffraction patterns for the obtained ai@t) complexes were collected
on a PANalytical X'Pert PRO X-ray powder diffractetar at the Central Lab at Ain Shams
University, Egypt. The instrument was equipped vétise (l1l) monochromator, and a Cu
Kai X-ray source with a wavelength of 0.154056 nm wsedul hermal analysis (TG/DTG)
were obtained out by using a Shimadzu DTA/TG-50riia analyzer with a heating rate
of 10 °C /min in nitrogen atmosphere with a follogirate 20 mL/min in the temperature
range 30-600 °C using platinum cruciblé&elting points obtained with a Yanagimoto
micro-melting point apparatus are uncorrected. Bibéogical activity experiments were
carried out at the Microbiology Laboratory at BabSkheria Hospital, Al-Azhar
University.

2.2. Synthesis of the ligand (HMPBT)

Hot solution (60 °C) of 2-mercaptoaniline (2.5@§, mmol) was mixed with hot solution
(60 °C) of 2-mercaptobenzoic acid (3.08 g, 20 mmolb0 ml ethanol. The resulting
mixture was left under reflux for 3 h and the solveras evaporated till deep yellow oil
product is separated. This oil is poured on icel ailute HCI whereupon the yellow
crystalline product is separated. The formed sphoduct was separated by filtration,



purified by crystallization from ethanol, washediwiliethyl ether and dried in a vacuum
over anhydrous calcium chloride. The yellow prodagiroduced in 88% vyield.
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Scheme 1. Synthesis and mechanism of the pregdgeeti|((HMPTB).

2.3. Synthesis of the metal complexes (1-4)

The metal complexes were prepared by the additiohob solution (60 °C) of the
appropriate metal chloride or sulfate (1 mmol; Go&,O: 0.238 g, NiG.6H,O: 0.238
g, CuCp.2H,0: 0.171 g, ZnSQ7H,O: 0.288 m) in an ethanol-water mixture (1:1, 2% ml
to the hot solution (60 °C) of the ligand HMPBT rtinol; 0.487 g) in the same solvent
(25 ml). The resulting mixture was stirred undeflwe for one hour whereupon the
complexes precipitated. They were collected byatiibn, washed with a 1:1 ethanol:
water mixture and diethylether and dried in vaclwawer anhydrous Cagl

2.4. Quantum chemical calculations

The calculations using DMOL3 program were perfed in Materials Studio package
[13], which is designed for the realization of largcale density functional theory (DFT)
calculations. DFT semcore pseudo pods calculations (dspp) were perfonwigd the
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double numerical basis sets plus polarization fonet (DNP). The DNP basis sets are of
comparable quality to-@81G Gaussian basis sets [14]. Delley et al. shawaidthe DNP
basis sets are more accurate than Gaussian b&siefdbe same size [15]. The RPBE
functional [16] is so far the best exchange—cotiehafunctional [17], based on the
generalized gradient approximation (GGA), is emptbyo take account of the exchange
and correlation effects of electrons. The geomeipitmization is performed without any
symmetry restriction.

2.5. Antimicrobial investigation

Antimicrobial Activity

Thein vitro biological screening effects of the ligand andciisnplexes were tested
against the bacterial species coli andS aureus, fungal specie®. aeriginosa andB.
subtilis by the cup plate method atdg/mL concentration.

The bacterial and fungal cultures were inoculatednutrient broth (inoculation
medium) and incubated overnight at 37°C. Inoculateedium containing 24 grown
culture was added aseptically to the nutrient mmadind mixed thoroughly to get a uniform
distribution. This solution was poured (@& in each dish) into Petri dishes and then
allowed to attain room temperature. Wellsr(@ in diameter) were punched carefully using
a sterile cork borer and were filled with test $iola 25.L. The plates were allowed to stand
for an hour in order to facilitate the diffusion tife drug solutions, then the plates were
incubated at 37°C for 24 for bacteria and 48 for fungi and the diameter of the zone of
inhibition was measured [18]. The results were carag with those of standard drug
streptomycin for bacterial and captan for fungdivéty of the same concentration as that of

the test compounds under identical conditions.

2.6. DNA binding
2.6.1. Absorption and Fluorescence Spectroscopy Sudies

Absorption titrations for DNA-binding p&riments were performed at room
temperature at pH 7.0 in a @M Tris-HCI buffer system containing 20M of NacCl.
The concentration of Calf Thymus (CT)-DNA was céted by UV/Vis absorbance at
255nm by using a DNA molar extinction constas} ¢f 6600 M*cm ™, indicating that
the DNA solution was protein free [19]. Absorpti@pectra measurements were
conducted in the region of 300 to 8@f. Absorption titrations for Zinc(ll) complex at



fixed concentrations of the Zinc(Il) compléexa Tris-HCI buffer solution at pH 7.0 were
carried out by adding from O toBV of CT-DNA. In order to determine the dilution
effects, they were compared to control titratiornih\a buffer system instead of CT-DNA
[20].

Fluorescence spectra were carried outhe region of 540 to 77#dm after
excitation at 64@m. Titration of Zinc(ll) complex with CT-DNA wasoaducted by
adding a small amount of a concentrated CT-DNA temiuto the Zinc(ll) complex
solution at a fixed concentration. The solutioresevpermitted to reach equilibrium for 5
minutes before measurements were recorded [21].

2.6.2. Cyclic Voltammetry Studies

Cyclic voltammetry studies at the glassy carbelectrode used an Ivisumstat
Electrochemical Interface electrochemical analyaerthe following settings: Initial
potential was—1.5V and the final potential was 1.5 V; the scan rate was 1QV/s. A
glassy carbon working electrode, an Ag/AgCI refeeeelectrode and a platinum wire
counter electrode were used in this study. A stahdimgle compartment three electrode
cell system of 1@nL capacity was used to carried out all the measants [22]. All
cyclic voltammetry measurements were recorded amréemperature in a Tris-HCI
buffer at pH 7.0.

2.6.3. DNA cleavage

For the DNA cleavage study, the CT-DNA in@®/ of Tris-HCI buffer system at pH 7.0
containing 20n M NaCl was used to interact with Zinc(Il) complex.eTimteraction of
Zinc(ll) complex with CT-DNA was investigated usirag1% agarose gel in Tris-HCI
buffer EDTA (TBE). Samples of 20L of CT-DNA plus Zinc(ll) complex were loaded
with dye. The agarose gel electrophoresis expetinvas carried out at 8@ for 3 hours
in Tris buffer EDTA (TBE). After the gel electroptesis experiment, CT-DNA bands
were visualized by using a Vilber Lourmat UV lankor this experiment, the Thermo
Scientific Owl gel electrophoresis system was used.

3. Results and discussion

The analytical data (Table 1) agree well with tlenfula of the ligand and their
complexes. The isolated complexes are solublehianei, methanol, DMF and DMSO
but insoluble in most other organic solvents. Tr@amconductance values (Table 1) of
10°M solutions lie in the range of 7.79-10.26'cn’mol™ in dry DMSO indicating their
non-electrolytic nature. Thus, the complexes maydomulated as [M(MPBT,], where
M= Co(ll), Ni(ll), Cu(ll) and Zn(Il), MPBT = ligand

Table 1
Physical and elemental analysis data of the ligdleidPBT and its metal (II) complexes
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Cpd. M.F.(M.Wt.) M.p.(°C) Colour [Yield %] Elemental analyses Found (Calc.), % Am
C H N S M
Ligand HMPBT 134-1136 Orange 64.17 3.73 5.76 26.35 - -
C13HoNS, (243.3) [88] (64.17) (3.73) (5.76) (26.35)
1 [Co(MPBT),] 182 Faint brown 57.45 2.97 5.15 2359 10.84 9.57
Cu6H16N,.S,C0(543.6) [82] (57.45) (2.97) (5.15) (23.59) (10.84)
2 [Ni(MPBT)] 190 Dark brown 57.47 2.97 5.16 23.60 10.80 8.36
CoeH16NoSiNi (543.4) [83] (57.47) (2.97) (5.16) (23.60) (10.80)
3 [Cu(MPBTY),] 182 Reddish brown 56.96 2.94 5.11 23.39 11.59 7.79
C,eH16N,S,Cu (548.2) [87] (56.96) 2.94) (5.11) (23.39) (11.59)
4 [Zn(MPBT),] 180 Orange 56.77 2.93 5.09 23.31 11.89 7.87
C,6H16N.S,Zn (550.0) [74] (56.77) (2.93) (5.09) (23.31) (11.89)

3.1. Quantum chemical calculations of (HL) and its metal complexes

Since single crystal x-ray structure for the ligaisdnot available, quantum
chemical calculations were utilized to find the getry optimized structures for the
HMPBT at different quantum mechanical levels. Theleoular modeling is the blue
print of three dimensional arrangements of atomanyf compounds. A Higher value of
Enowmo is likely to indicate a tendency of the molecudedbnate electrons to appropriate
acceptor molecule of low empty molecular orbitabmrgy [23]. Increasing values of
Enomo facilitate adsorption and therefore enhance thkibition efficiency, by
influencing the transport process through the dmsibtayer [24]. Total energy represents
the importance gaudiness of the ease of chemieatiom; it means the sum of kinetic
and potential energy [25]. The negative total eperigo indicates that the product is a
very stable molecule and is less prone to be sphiroken [26]. The governing principle
of DFT involves solving the Schrédinger equatiortenms of the electron density [27].
DFT is also able to describe site selectivity @cteavity of an atom in a molecule [28].

If deviations in bond distance, bond anglesarsiobn angles are evidenced, specific
electronic interactions can be detected and coefirmo the earlier spectral evidences
[29]. Thus, physical dimension of the moleculespldl out to demonstrate the changes
occurred during their topological assemblies.

The molecular structures along with atom numberaiggtron density, hydrogen
bond length, hydrogen bond angle, HOMO, LUMO anelcebstatic potential of the
ligand (HMPBT) are depicted in Figure 1, where shaene characters are represented for
the metal complexes by the Figures 2, 1S - 3S.

Comparison between the bond lengths and bond amgléise ligand and the
Co(ll), Ni(Il), Cu(ll) and Zn(ll) complexes are ted in the Tables S1, S2, respectively.
Various energetic data were calculated and repd@itaile S3).

According to these data a lot of conclusions aveak=d:

. The actual bond angles and lengths are close togtamal values, and thus the
proposed structures of the compounds are acceptable



The values 1.876 A and 142.29%e the hydrogen bond length N(7)-H(25) and
its bond angle N(7)-H(25)-S(16) which disappear rupmordination as the
ligand is deprotonated.

As expected, the bonds C(4)-N(7) and C(11)-S(1fctfd on complexation as
they contribute in the coordination sphere whei®)&(9) shows no change.
Depending on the values of bond lengths the Ni-N(Ri-N(23) < Co-N(7) =
Co0-N(23)< Cu-N(23) < C-N(7) and Zn-N(7)< Zn-N(23) the comes the M-S
bonds and arranged as the Ni-S(Z6)\i-S(32) < Co-S(16) = Co-S(32x Cu-
S(16)< Cu-S(32) and Zn-S(32% Zn-S(16) implies that the Ni N(7) is the
most stable bond where the least stable bond isdataed by ZH-S(16).

The bond angles C(4)-N(7)-C(8), C(10)-C(11)-S(16§20)-N(23)-C(24) and
C(26)-C(27)-S(32) of the ligand are reduced or eased upon coordinaion
[30].

New bond angles were formed between the ligand raathl ions as N(7)-
M(33)-S(16), N(7)-M(33)-N(23), N(7)-M(33)-S(32), B3)-M(33)-N(23),
S(16)-M(33)-S(32) and N(23)-M(33)-S(32) with difeeit values ranges
between (90.052151.719) [31].

Electrostatic potentials provide information ab@lgctron-poor and electron-
rich sites in a molecule, and electrostatic inteéoas between molecules [32],
therefore the structure of the electrostatic padéwof the ligand and complexes
was important to be depicted.

The higher HOMO energy lies around the hetero-meglecting the phenyl
group while the lower LUMO energy involves bothtloém.

Molecular structure Electron density



HOMO 0.194895 LUMO 0.095726

Electrostatic potential

Figure 1. The molecular structure, electron dengitydrogen bond length, hydrogen
bond angle, HOMO, LUMO and electrostatic potentiathe ligand (HMPBT).



-

HOMO 0.15502 LMO 0.105865

Electrostatic potential
Figure 2. The molecular structure, electron dendt®MO, LUMO and electrostatic

potential of [Co(MPBT)] complex.
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3.2. IR spectra and mode of bonding

In order to characterize the binding modehaf Schiff base to the metal ion in the
complexes, the IR spectrum of the free ligand wamspared with the spectra of the metal
complexes. The IR spectra of the free ligand anthhoemplexes were carried out in the
range 4000—400 crh (Figure S4, Table 2). The band centered at ab6&2 Zm* are
assigned tov(S-H) in S—-H---N intramolecular (Figure 3) hydrogenndiing fragment
[33]. Very strong band centered at 1119 tia assigned to(C=S) stretching in HMPTB
ligand [33]. The deprotonation of the thiol group-H) is indicated by the absence of a
band in the metal complexes at 2652 trwhich appears due i¢S-H) in the spectrum
of the ligand indicating thereby complexation thgbwsulfur atom. The free ligand shows
a sharp intense band at 1623 tassigned to the (C=N) of the benzothiazole ring
[34, 35]. Thev (C=N) benzothiazole vibration of the ligand is shiftéd 1602—
1606 cm* after complexation, confirming the formation of lond from the
benzothiazole ring nitrogen to the metal. Furthbke non-ligand bands in the region
504-523 crit and 426-437 cMare due to the formation of M-N and M-S bonds,
respectively [34, 35]. Noninvolvement of sulfur thie benzothiazole in coordination is
assumed in all these complexes, which is in acomelavith earlier reports [36] on the
benzothiazole complexes with various transitionahemns, this is because the sulfur is a
poor Lewis base compared to nitrogen in the beremdke [37].For the title compounds,
CH stretching vibrations of the phenyl rings aresigised in the range 3105-
3084 cm*for. The phenyl CH stretching modes are observegDa# to 3058 cit. The
in-plane CH deformation bands of the phenyl ring expected above 1000 chand in
the present case, the bands at 1283, 1174, 1184, 1092, 1058 cm. The CH out-of-
plane deformations of the phenyl ring are obsergetiveen 1006 and 703 ¢ In
conclusion, these data suggest a NS bidentate ioeltdthe ligand.

Table 2
Important IR bands of HMPBT ligand and its compkexéth their assignments.
Compounds assignments
v(S-H) v(-C=N-) v(-C=S) v(M=N)  v(M-S)
HMPBT 2652(br) 1623m 1119 - -
[Co(HMPBT),)] — 1603m 1313m, 512m 426m
[Ni(HMPBT),] - 1602m 1266m 504m 432m
1322m,
1268m
[Cu(HMPBT),)] - 1606m 1317m, 523m 437m
1265m
[Zn(HMPBT)] - 1605m 1314m, 518m 427s
1268m
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Figure 3. Proposed structure of ligand.

3.3. NMR spectral data

The'H NMR spectroscopic data of the ligand (Figure S&a) its zinc complex (Figure
S5b) have been recorded in DMSO-d6. In the NMR tspeaaf the metal complexes they
indicate a shift of electron density from the ligaio the zinc atom. In the NMR spectra
of the metal complexes they indicate a shift o€tten density from the ligand to the zinc
atom. The broad signal at 11.59 ppm is due to t8el proton in ligand HMBT
disappearance of the signal for spectrum of the p&ibn in the spectrum of the zinc
complex supported the protonation of the thiol grobpectrum of the ligand shows other
signals in the range 8.17—6.98 ppm for aromatitom® fH NMR (300 MHz, DMSO-
d6) s 8.08 (d, J = 8 Hz, 1H), 7.90 (d, J = 8 Hz, 1H}8?7.61 (m, 2H), 7.47 (t, J = 8 Hz,
1H), 7.42-6.98 (m, 2H), 7.04 (dd, J = 8.4, 2 Hz,),1H1.59 (s, SH, 1H) for HMPBT
ligand and (300 MHz, DMSO-d&) 8.07 (d, J = 8 Hz, 1H), 7.89 (d, J = 8 Hz, 1H}{77.
6.98 (m, 2H), 7.47 (t, J = 8 Hz, 1H), 7.41-7.36 @Hl), 7.02 (dd, J = 8.17, 2 Hz, 1H),
disapparance (s, SH, 1H) for Zn(ll) complex].

The®®C NMR spectrum of the ligand (Figure S6a) displayéwracteristic signal at
154.0 ppm was due to —C=N carbon of the benzotlgamog. The signal due to —C=N
carbon was slightly shifted downfield in comparigonthe corresponding signal of this
group in the ligand thereby confirming the compte@ with zinc metal ion (Figure
S6b).[**C NMR (75 MHz, DMSO-d6) 116.8, 118.8, 119.4, 121.8, 122.3, 125.2, 125.5,
126.7, 128.8, 132.3, 134.6, 151.5, 156.4, 165.6HBIPBT ligand and**C NMR (75
MHz, DMSO-d6)¢ 116.8, 118.8, 119.4, 121.8, 122.3, 125.2, 125.6,712128.8, 132.3,
134.6, 151.5, 160.2,169.8 for Zn(Il) complex].

3.4. Magnetic moment
The magnetic moments of the copper(ll) and cobpltimplexes are 1.73 and 4.77 BM,

respectively, which suggests square planar geomietrycopper(ll) complex and
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tetrahedral geometry for cobalt(ll) complex [38,3Bpr tetrahedral cobalt(ll) complex,
the state acquires orbital angular momentum ordiréstly through the mixing of th&r,
state by a spin—orbit coupling perturbation. Thekei(ll) and zinc(ll) complexes are
diamagnetic at room temperature revealing the sgplanar and tetrahedral geometry for
nickel(ll) and zinc(ll) complexes around the met§lion [38].

3.5. Electronic spectra

The electronic spectra of the HMPBT ligand andrittal complexes are shown in Figure
S7. Electronic absorption spectra of all the conmpisuwere recorded in DMF solution
over the range 200-800 nm at room temperature eldotronic spectra of the free ligand
exhibits absorption bands at 216 and 287 nm, whieh due to the intraligang-=*
transitions, these bands remain almost unchangetthenspectra of complexes [40].
Absorptions in the 362 nm is attributed to the*ntransition associated with C=N, the
bathochromic shift of this absorption upon compt®xais due to the donation of a lone
pair of electrons to the metal ion, indicating tbeordination of (C=N) nitrogen of
benzothiazole ring [40].

Cobalt (Il) complex shows absorption bands at 18,84 assigned td'A,—T1(P)
transition. The existence of spin—orbit couplingoallows some quartet doublet spin
transition to occur. Another band at 14,124 trns assigned td'A,—'T; (F). The
expected'A,—"T; transition appearing at a 4500 ¢ris overlapped by ligand vibration
transitions (i.e., the infrared bands) suggestaltetdral geometry of the complex [41,42]
which is also corroborated by magnetic moment vaflighe complex. Spectra of the
nickel complex shows an absorption band at 15,263" cassignable to aA;—'A,
transition and a shoulder at 17,892 toorresponding to 8\;—'B; transition which are
consistent with square planar stereochemistry atf@inickel(ll) ion [42]. The visible
spectrum of copper complex, shows two absorptiorigat 14,970 chhand 19,455 cm

! assignable to’B;—°B; and ?B;—’E transitions respectively, which indicates the
possibility of square planar geometry of the metathplex [43].

3.6. EPR spectrum of Cu(l1) complex

The ESR spectra of the Cu(ll) complex at room tewpee (Table 3, Figure 4) exhibits
anisotropic signals with g valug g2.242 and g= 2.071 (Table 4) which is characteristic
for axial symmetry [44]. Since thg gnd g values are closer to 2 angl>ggL suggesting
a tetragonal distortion around the Cu(ll) ion cepending to elongation along the
fourfold symmetry Z-axis [45]. The trend, ggL >g (2.0023) shows that the unpaired
electron is localized in the @xy? orbital of the Cu(ll) ion in complexes [46]. Inditon,
exchange coupling interaction between two Cu(llpsios explained by Hathaway
expression G = (g-2)/(a- — 2). When the value G< 4.0, a considerable exghan
coupling is present in solid complex (G=1.686) [4divelson and Neiman showed that
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for an ionic environment;gs normally 2.3 or larger, but for covalent enwvineent g are
less than 2.3. The galue for the Cu(ll) complex is 2.242, consequetiie environment
Is covalent.

The ESR spectra of the solid Co(ll), Ni(ll) and @) complexes at room temperature do
not show ESR signal because the rapid spin latétzxation of the Co(ll), and Ni(ll)
broadness the lines at higher temperatures [44]tlamdiamagnetic nature of the Zn(ll)
complex. The ESR spectra show signals that maycbeuated for the presence of free
radicals that can resulted from the cleavage of dowble bond and distribution of the
charge on the two neighbor atoms. The presencemdited electrons from any source
inside the molecule can be responsible for the agpee of these signals.

—

Intensity

0 1000 2000 3000 4000 5000 6000

G
\. y

Figure 4. EPR spectrum of [Cu(MPBJ)n polycrystalline state.

Table 3: ESR parameters of [Cu(MPBJIgomplex

Complex g 9 Oso  Ayx10*cm®) g/A; G

[CuMPBT)] 2242 2.071 2.128 166.14 140 3.444

3.7. Thermal decomposition

The stages of decomposition, temperature rashgEgmposition product as well as the
weight loss percentages of some metal complexegiwea in Table 4. Figure 5 show the
TGA curves of some metal complexes. The experinhevgayht loss values are in good
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agreement with the calculated values. The finabdgmosition product was identified by
the conventional chemical analysis method. [Co(MBBTomplex is chosen as a
representative example. In the TG thermogram &f tleimplex, the first stage at 230—
355 °C with weight loss of 13.92 (Calcd. 13.99%¢asresponding to the loss of carbon
disulfide molecule. The second step with weighslo$ 14.31 (Calcd. 14.36%) at 355—
432 °C is attributed to the elimination oflGN fragments. The third step at 432-537 °C
with weight loss of 10.29 (Calcd. 10.32%) is refggrto the removal of C}CN + CH;
molecules. The fourth step corresponds to the eétion of GsHgS fragment with
weight loss of 40.12 (Calcd. 40.15%). The residuatt is CoO + 2C with weight loss
21.12(Calcd. 21.15%). An inspection of the dataegsented in Table 7 indicates that TG
thermograms displayed a high residual part forstineied complexes reflecting a higher

thermal stability [47, 48].

Table 4
Decomposition steps with the temperature rangensmght loss for HMPBT complexes.
Decompositi Temperatue Removes Wt. Loss
Compound (M.Wt.) on step range (°C) species % (Cald.)  %Found
1 230-355 -Cs 13.99 13.92
2" 355-432 - GHuN 14.36 14.31
[Co(MPBT),] (543.6) 3 432-537 -CHCN+CH  10.32 10.29
4" 537-708 -GsHeS 40.15 40.12
Residue 708-800 -CoS +2C 21.15 21.12
1° 228-352 - C&+ HCN 18.99 18.93
2" 352-433 - GH4N 30.21 30.17
[Ni(MPBT),] (543.4)
3¢ 433-530 -GaHs 14.37 14.36
4" 530-697 -GHsS 15.29 15.27
Residue 697-800 -NiS+ 2C 21.12 21.16
1% 230-364 - Cs+ HCN 18.82 17.97
2 364-442 - HS 6.22 6.21
[Cu(MPBT),] (548.2)
3 442-543 - GH4N 14.24 14.22
4" 543-703 - GgHo 36.70 36.63
Residue 703-800 -CuS +3C 24.00 23.11
1° 232-368 -Cg8+ H,S 20.03 19.93
2 368-444 -HCN 4.90 4.87
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Decompositi Temperatue Removes Wit. Loss

Compound (M.Wt.) on step range (°C) species % (Cald.)  %Found
[Zn(MPBT),] (550) 3 444-547 - GHsN 14.38 14.32
4" 547-706 -GiHs 25.49 25.44
Residue 706-800 -ZnS+8C 35.18 35.15
- Ll i ®) "
P 0 Iiv\ - - . e mme 4 o000
e III \I\ | \\ /w"r 1002 % 5 204 '.Tq‘\‘l |/\ler T E
g 24 - ; 5 s ! T / 4 -0001 ;
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E 5] [Cu(MPBT):] L| \ R E g [Zu(MPBT)3] H \ é
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Figure 5. Thermal analysis curves (TGA and DTG)Gaf(Il), Ni, Cu(ll) and Zn(ll)
complexes.

3.8. Kinetic studies

The thermodynamic activation parameters of decoitippgrocesses of the metal
(Co(l), Ni(ll), Cu(ll) and zZn(ll)) complexes namelactivation energy E*), entropy
(AS*) and Gibbs free energy change of the decomposi(wG*) were evaluated
graphically by employing three methods, Coats—Redf49] (CR), Horowitz—Metzger
[50] (HM) and Piloyan—Novikova [51] (PN). The da#ée summarized in Tables 5-7.
From the results obtained, the following remarks lsa pointed out:

(1) The energy of activation (E) values incesasn going from one decomposition
stage to another for a given complex, indicatirgg the rate of decomposition decreases
in the same order. Generally stepwise stabilitystamts decrease with an increase in the
number of ligand attached to a metal ion. Convgyskiring decomposition reaction the
rate of removal of remaining ligands will be smabdter the expulsion of furan-Schiff's
base ligand (H-MPBT).
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(2) TheAG values increases significantly for the subsedyatgcomposition stages
due to increasing theAlS values from one stage to another. This may biéatiéd to the
structural rigidity of the remaining complex aftdre expulsion of more ligands, as
compared with the precedent complex, which requirere energy, AS, for its
rearrangement before undergoing any compositidnahge.

(3) The AS negative values for the decomposition steps ateli¢that all studied
metal(ll) complexes are more ordered in their atad states.
(4) TheAH positive values mean that the decomposition mseE® are endothermic.

(5) The activation energies of decompositiomrens®und to be in the range 137.33-
147.99 kJ mot.

(6) The linearization plots (Figure 6), confgnthe first-order kinetics for the
decomposition process (Coats-Redfern method).

7.4 1

~
o

- log [-log(1-L T3] ———»
o
[=2]

@
[N}

5.8 1

5.4

1.4 1.8 22 26 3.0 3.4

1 xip —
T

Figure 6. Linearization plot of (a)e] [Co(MPBT)] complex, (b) ¢) [Ni(MPBT),]
complex, (c) ¢) [Cu(MPBT),] complex, and (d) &) [Zn(MPBT),] complex.

Table 5
Kinetic Parameters evaluated by Coats—Redferntiequiar the metal complexes.

Mid Ea A AH* AS* AG*
Complex Peak Temp(k) Kamol (SY KAmol  KAmolK KJmol

[Co(MPBT),] 1% 404.8 65.84 1.26x10 42.28 -0.1523  75.36
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2" 625.4 89.25 1.18x10 87.47 -0.1678  123.24
3% 7436 172.23 1.23x10 123.52 -0.0882 188.69
4" 896.8 223.54 6.86x10 167.88 -0.0584  235.12
[Ni(MPBT)] 1% 406.3 36.58 2.82x1d  43.13 -0.1769  89.53
2" 5898 68.69 1.56x10 67.42 -0.1458  115.34
3% 648.9 164.46 3.23x10 13456 -0.0653  136.47
4" 898.7 178.23 1.33x10 179.98 -0.0583  188.23
[Cu(MPBT)) 1% 4156 78.87 2.64x16° 46.82 -0.0147  115.36
2" 546.1 112.35 2.14x16 86.23 -0.1022  145.75
34 721.3 136.96 1.83x10 12354 -0.1189 182.82
4" 978.6 189.99 2.28x16 176.69 -0.1008  237.49
[Zn(MPBT),] 1% 4723 86.08 2.68x10 56.53 -0.0575  101.76
2" 688.7 154.13 1.32x10 88.42 -0.0402  168.27
34 769.4 187.46 2.24x13° 122.23 -0.0323  210.34
4" 937.6 216.87 2.33x13' 146.87 -0.0089  248.08

Table 6
Kinetic Parameters evaluated by Horowitz-Metzgpragion for the metal complexes.

Mid Ea A AH* AS* AG*

complex  Peak rompk) Kamol  (SH  Kdmol KJmol.K  KJmol

[Co(MPBT),] 1st 404.8 65.58 1.38x10  42.56 -0.1421  75.82
2nd  625.4 89.13 1.22x16  87.52 -0.1358  123.67
3rd 7436 172.11 1.46x10 123.88 -0.0975 188.73
4th  896.8 223.12 6.85x1F 168.21  -0.0645 235.19
[Ni(MPBT)] 1st  406.3 36.86 2.35x1d  43.36 -0.1803  89.46
2nd 589.8 68.74 1.71x16  67.75 -0.1533  115.91
3rd 6489 164.33 3.37x10 13466 -0.0820 136.43
4th  898.7 178.78 1.36x10 1180.23 -0.0457  188.48
[Cu(MPBT),] 1st 4156  78.67 2.47x16° 47.12  -0.0143 11558
2nd  546.1 112.44 2.58x16  86.45 -0.1001  145.98
3rd 7213 136.89 1.63x10 123.36 -0.9247 182.82
4th  978.6 189.47 2.47x18 176.24 -0.0663  237.57
[Zn(MPBT),] 1st 4723 86.24 258x10  56.48 -0.0862  101.88
2nd  688.7 154.48 1.67x10  88.63 -0.0642  168.74
3rd  769.4 187.71 2.42x16° 122.34  -0.0475 210.56
4th  937.6 217.03 2.75x1G' 147.14 -0.0334  248.45

Table 7
Kinetic Parameters evaluated by Piloyan—Novikayaation for the metal complexes.
Comblex Peak Mid Ea A AH* AS* AG*
P Temp(K) KJmol (S} K\mol  KJ\mol.K  KJ\mol
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[Co(MPBT),]

[Ni(MPBT)2]

[CU(MPBT)]

[Zn(MPBT),]

1st
2nd
3rd
4th
1st
2nd
3rd
4th
1st
2nd
3rd
4th
1st
2nd
3rd
4th

404.8
625.4
743.6
896.8
406.3
589.8
648.9
898.7
415.6
546.1
721.3
978.6
472.3
688.7
769.4
937.6

66.12
89.74
172.68
223.84
37
69.11
164.52
178.83
79.24
112.47
137.26
191.34
85.67
154.89
187.39
216.92

2.42x10
1.75x16
2.03x10
6.98x10
2.65x10d
1.72x106
3.42 x106
1.82x10
2.83 x10°
2.18 x16
2 x10
2.36 x16
2.89x10
1.46x10
2.32x1d°
2.41x10*

41.83
87.19
123.62
167.24
43.25
67.46
134.84
180.42
46.93
86.28
123.94
176.73
56.22
88.88
122.59
146.94

-0.1578
-0.1669
-0.0892
-0.0587
-0.1774
-0.1491
-0.0667
-0.0582
-0.0152
-0.1046
-0.1178
-0.0728
-0.0537
-0.0481
-0.0284
-0.0087

76.12
124.08
188.75
235.35

89.87
115.66
136.48
187.72
115.58
145.92
182.73
237.16
101.73
168.28
210.23
247.75

3.9. Powder XRD

Single crystals of the complexes could not be pexpdo get the XRD and hence the

powder diffraction data were obtained for strudtucharacterization.

Structure

determination by X-ray powder diffraction data lgmse through a recent surge since it
has become important to get to the structural médion of materials, which do not yield
good quality single crystals. The indexing procedurvere performed using (CCP4, UK)
CRYSFIRE program [52-55] giving orthorhombic crystystem for [Co(MPBT)
(Figure 7a) having M(9) = 8, F(6) = 7, orthorhomisitystal system for [[Ni(MPBT)]
(Figure 7b) having M(9) = 9, F(6) = 8, monoclinicystal system for [Cu(MPBT)
(Figure 7c¢) having M(6) = 11, F(6) = 7 and monadliarystal system for [Zn(MPB7)
(Figure 7d) having M(6) = 10, F(6) = 6, as the ladutions. Their cell parameters are

shown in Table 8.
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Figure 7. Powder X-ray diffraction patterns of Gp(Ni(ll), Cu(ll) and Zn(ll) complexes
in the range of 2—60° (2.

Table 8
Crystallographic data for the Schiff's base comgde[Cu(MPBT)], [Co(MPBT),], [Ni(MPBT),] and
[Zn(MPBT),].
Crystal data [Cu(MPBT),] [Co(MPBT),] [Ni(MPBT),] [Zn(MPBT),]
Empirical formula  CpyeHigNoS,Cu CogHigNoS,Co CogHigNoSINI CogH1gN2SsZn

Formula mass 548.2 543.6 543.4 550.0
Crystal system orthorhombic  orthorhombic ~ monoclinic monoclinic
Space group Pbn21 P21 2121 P121/n1 P121/cl

a[A] 6.4231(7) 6.7415(2) 5.8080(2) 14.8293(10)
b[A] 18.605319) 13.2986(4) 17.5649(7) 13.5103(8)
c[A] 23.8794(2) 16.1145(5) 18.6047(7) 9.9645(7)
a[9] 90 90 90 90
L1 90 90 90.788(3) 100.468(5)
7 [°] 90 90 90 90
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VIAY 2934.528(5) 15.564(8) 1878.649(12) 1821.264(2)
z 1 4 4 4
peac[g cm?] 1.512 1.503 1.362 1.378
u [mm] 0.253 0.247 0.184 0.199
F(000) 1406 969 897 846
Ormin-Omax [°] 2.27-29.24 2.73-28.47 1.67-27.78 1.32-27.72
T/IK 296(2) 296.(2) 296(2) 296(2)
Index range -7<h<8 -9<h<8 -8<h<8 -16<h<19
-25<k<23 -18<k<18 -21<k=<21 -14<k<18
-32<1<32 -20<1<20 -25<1<24 -13<1<13
Collected reflections 6873 3398 4358 4527
Unique reflections 3628 2249 2208 2213
Refined parameters 428 231 248 288

R1, wR2 0.0552, 0.1437 0.0454, 0.0978 0.0675, 0.1887 0.0554, 0.1478

3.10. Antimicrobial activity

All the compounds were evaluated for their antibaat activity in vitro by using zone
inhibition technique againstP. aeriginosa, S. aureus, B. subtilis, and E. coli.
Experiments were repeated three times and thetsesate expressed as values in Figure
8, Table 9. The results obtained were compared thétstandard drugs streptomycin and
captan. All the compounds showed antimicrobialvagtiagainstB. Subtilis. The table
shows that compounds Ni(ll), Cu(ll) and Zn(ll) ekited significant activity againdt.

coli andS. aureus respectively.

Table 9. Inhibition diameter in millimeters of Sfflsi base (HMPBT) and its complexes.

Compound P.aeriginosa S aureus B.subtilis E.coli Streptomycin Captan
HMPBT 0 0 13 13 26 23
[Co(MPBT)] 0 0 9 10 22 26
[Ni(MPBT),] 8 10 11 16 25 30
[Cu(MPBT),] 0 8 9 10 26 23
[Zn(MPBT),)] 10 10 9 11 25 27
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Figure 8. Graph showing antibacterial behavior @hpounds againg?. aeriginosa , S

aureus, B. subtilis, andE. coli of HMPBT ligand and its complexes.

5. DNA-Binding Studies

5.1. Absorption and Fluorescence Spectroscopy Sudies

In order to investigate DNA-binding of Zn(ll) congy, the absorption titration was
performed between the range of 300 to BODwavelengths. The UV/Vis spectra of
Zn(ll) complexin DMF give peaks at around 670 and 649 for Q-band absorption and
around 350im for B-band absorption in the absence of CT-DNKe absorption spectra
of Zn(ll) complex given in Figure 9 indicated hypwemic and red changes in the
presence of CT-DNA. In the presence of CT-DNA,tes¢oncentration of CT-DNA was
enhanced from 0 toBM, a strong hypochromic shift was observed witall change
in wavelength. The substantial hypochromic shifiggest that a strong interaction takes
place between Zn(ll) complex and CT-DNA. These ltssshow that Zn(ll) complex
binds to CT-DNA via intercalative binding mode.
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Figure 9. Absorption spectra of Zn(ll) complei Tris -HCI buffer (pH 7.0) upon
increasing concentration of CT-DNA. Arrows show @ibsorbance change on increasing
concentration of CT-DNA.

A fluorescence titration technique is a commod sensitive method in DNA-binding
studies, it can provide further information on tikeraction between CT-DNA and
metallo compound. A fluorescence titration study conductedto determinethe
interaction between DNA and metal complexes. Inahsence and the presence of CT-
DNA, fluorescence titration studyas carried out tinvestigatethe binding activities
between DNA and Zn(Il) complex. As indicated inUitig 10, in the absence of CT-DNA,
Zn(ll) complexscatters strong emissions in a Tris-HCI buffer sotu(pH 7.0) at room
temperature with a peak appearance at arounadb6%n the addition of CT-DNA, a
clear increase in emission intensities of Zn(lljngdex was observed compared to the
original Zn(Il) complex,as shown in Figure 3. In the presence of CT-DNA(IIXn
complex gives emissions at around Bn® The results show that Zn(ll) complex
interacts strongly with CT-DNA in a Tris-HCI buffet pH 7.0.
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Figure 10 Fluorescence emission spectra of Zn(ll) compleXris -HCI buffer (pH 7.0)
in the absence and the presence of CT-DNA. Arroawshthe intensity change on
increasing CT-DNA concentrations, whers intensity.

5.2. Cyclic Voltammetry Studies

In this study, in the absence and thesgmce of CT-DNA, cyclic voltammetric
studies were conducted to understand the interadieiween CT-DNA and Zinc(ll)
complexin a Tris-HCI buffer at pH 7.0 and the findings ardicated in Figure S8. In the
absence of CT-DNA, Zn(ll) complex produces a cougflevaves belonging to Zinc(ll)
complex showing the cathodic (EPc) and anodic pedéntial (EPa). The cathodic (EPc)
and anodic peak (EPa) potential were determindaete-0.23V (EPc) and —0.53V and
0.14V (EPa) for Zn(ll) complex as shown in Figure SB8.the presence of CT-DNA,
upon the addition of CT-DNA with Zn(ll) complex, ghcyclic voltammetric peak
currents dropped significantly. This result indesathat CT-DNA interacts with Zn(ll)
complex. The decrease of the voltammetric pealeatsrin the presence of CT-DNA can
be attributed to the low diffusion of Zn(ll) comgléinding to CT-DNA molecules. In
the presence of CT-DNA, the cathodic peak poterfiiftc) and anodic peak potential
(EPa) were recorded to be —¥.3EPc) and —0.6¥ and 0.11V (EPa) for Zn(ll) complex
as shown in Figure S8. All these findings indidhizt Zn(ll) complex binds to CT-DNA.
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5.3. DNA cleveage Studies

In this work, a gel electrophoresisexmentwas performed on the interaction of
the DNA with Zn(Il) complex at room temperature ngsiCT-DNA in the absence and
presence of the synthesized Zn(ll) complex. Thditalid bind the synthesized Zn(ll)
complexwith CT-DNA was examined by agarose gel electrophisrto investigate the
impact of different amounts of Zn(ll) complaxyon the CT-DNA. The findings are
shown in Figure S9. It is explicitly shown that threensity of the DNA bands was
decreased after interaction of Zn(ll) complex wi{fiT-DNA when compared to the
control CT-DNA (C). The decrease in the intensity @T-DNA bands after the
interaction of Zn(ll) complexvith CT-DNA is thought to be due to the deformatimin
the double-stranded DNA. The gel electrophoresgegments clearly demonstrated that
Zn(ll) complex interacted with CT-DNA as there waashange in the bands in lanes 1 to
3, compared to the control CT-DNA (C) given in Fgw. Lanes 1, 2 and 3 belong to
Zn(ll) complexand lane C belongs to the control CT-DNFe binding ability of Zn(ll)
complex was compared to that of the control DNA, (€)due to its efficient CT-DNA
binding ability. As indicated in Figure S9, it wabserved that the control CT-DNA band
did not show any remarkable change in the lane ri€l.bdt was clearly seen that Zn(ll)
complex interacted with CT-DNA when compared wilte tcontrol CT-DNA (C). In
addition, the interaction of Zn(ll) complex withetlDNA caused partial neutralization of
the DNA bands. The presence of a smear in the iggtain indicated the cleavage, as
shown in Figure S9, and the cleavage effect of [Zefimplex is comparable to that of
the C band due to their effective DNA-interactidnlity. As a result, the interaction of
Zn(ll) complex with CT-DNA causes partial neutralibn of CT-DNA bands. These
results demonstrated that Zn(ll) complex couldrgty interact with CT-DNA.

6. Conclusion
The structures of the complexes of HMPBT with Qo(Ni(ll), Cu(ll) and Zn(ll)

ions are confirmed by the elemental analyses’HR\YMR, molar conductance, magnetic
moment, UV-VIS., ESR and thermal analyses datarefbee, from the IR spectra, it is
concluded that HMPBT behaves as a ligand bidenligeend with two NS sites
coordinating to the metal ions via the benzothiazélring, and deprotonated thiolic—S
group. From the molar conductance data of the cexesl (\n), it is concluded that the
complexes of HMPBT ligand are considered as noctelytes. The'H NMR spectra of
the free ligand shows that the SH signal, appe&réige spectrum of HL ligand at 11.59
ppm completely disappeared in the spectra of itdlZoomplex indicating that the SH
proton is removed by the chelation with Zn(ll) io@Geometry optimization and
conformational analysis have been performed andptréect agreement with spectral
studies allows for suggesting the exact struct@ia| studies complexes. The stability of
complexes was explained and kinetic parameters AEay\H, AS andAG) of all the
thermal decomposition stages have been evaluated) @ oast-Redfern, Horowitz—
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Metzger (HM), and Piloyan—Novikova (PN) methods. @ basis of the above
observations and from the magnetic and solid refltee® measurements, square planar
geometry for Cu(ll) and Ni(ll) complexes and tedhal geometry for Co(ll) and Zn(ll)
complexes is suggested for the investigated comeplekhe structure of the complexes is
shown in Scheme 2. The investigated ligand andlrnetaplexes were screened for their
in-vitro antimicrobial activities against different typdsfungal and bacterial strains. The
resulting data assert on the inspected compoundshaghly promising bactericides and
fungicides.

Co*2
_—

Complex 1

Complex 3

Complex 4

Scheme 2. Synthesis of metal complexes from HMPER ®o(ll), Ni(ll), Cu(ll), and
Zn(ll) ions.
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