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The structure of the metal complexes
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M= Cu(ll) (1), Co(Il) (2) , Ni(ll) (3), Mn(11) (4)
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Abstract
Schiff base ligand 4-((pyridin-2- yl)methyleneamjisig2-dihydro-2,3-dimethyl-

1-phenylpyrazol-5-one (PDMP) and its complexesenmepared and characterized on
the basis of elemental analysis, IR, mass spactdathermogravimetric analysis. All
results confirm that the complexes have 1:1 (M: HNIDstoichiometric formula
[M(PMDP)CLH,0 ] (M= Cu(ll), Co(ll), Ni(ll) and Mn(ll)), [Cd(PMDPEI;] and the
ligand behaves as a bi/tridentate forming five-merat chelating ring towards the metal
ions, bonding through azomethine nitrogen/exocyadidbonyl oxygen, azomethine pyri-
dine nitrogen and exocyclic carbonyl oxygen. Thétsh the band positions of the
groups involved in coordination has been utilizecestimate the metal-nitrogen and/or
oxygen bond lengths. The complexes of Co(ll), Niédihd Cu(ll) are paramagnetic and
the magnetic as well as spectral data suggest editahgeometry, whereas the Cd(ll)
complex is tetrahedral. The XRD studies show thath the ligand and its metal
complexes 1 and3) show polycrystalline with crystal structure. Molgar docking was
used to predict the binding between PMDP ligand thedreceptors. The corrosion inhi-
bition of mild steel in 2 M HCI solution by PDMP waxplored utilizing potentiodynam-
ic polarization, electrochemical impedance spectipg (EIS) and (EFM) electrochemi-
cal frequency modulation method. Potentiodynamidangmation demonstrated that
PDMP compound is mixed-type inhibitor. EIS speardibit one capacitive loop and
confirm the protective ability. The percentage mhibition efficiency was found to in-
crease with increasing the inhibitor concentration.

Keywords: Schiff base; Molecular structures; X-ray diffriact, Quantum chemical

parameters; Molecular docking; Inhibition efficiency.
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1. Introduction

Over the past few years, transition metal complexes baem given a great
attention of inorganic, metallo-organic as well as bicaoig chemists because of their
extensive applications in wide ranging area [1,2] sudhi@egy including antibacterial,
antifungal, anticancer, antioxidant, antimalarial, antivéi@ivity and also as oxidation of
organic compounds, reduction reaction of ketones [8] apoxidation of alkenes. Schiff
bases are widely used as pigments and dyes, catahystspediates inorganic synthesis
and as polymer stabilizers [4].

Transition metal complexes of Schiff bases derived fronpyridine
carboxaldehyde and different amines have reported denadile attention for their
synthetic and catalytic activities [5]. 2-Pyridine carboxaldish$chiff base complexes
have also been examined for their catalytic propefteglifferent chemical reactions
like amination of aryl halides [6], olefin cyclopropanati@hand olefin epoxidation [8].
Catalytic epoxidation of carbon—-carbon double bonds is itapoe in organic
chemistry due to the wide range applications.

Moreover, It has been found that the tridentate Schgébigands with a flexible
atom in comparison with the bidentate ligands are more suiliglled for stabilizing
organo-metal complexes because of the coordinatioreddbitional donor atom. It has
been found that heterocyclic compounds such as pyri&iye 2,2-bipyridine (bipy) and
related molecules are good ligands due to the preseratdezfst one ring nitrogen atom
due to their bioinorganic applications and thermal stability fBJAminoantipyrine
compounds are considered to be excellent corrosion intabitorcombating acidic
corrosion due to high inhibition efficiency, good thermal stgbdind lack of irritating
odor for many metals and alloys in various aggressiedia [10-12].

Mild steel is the major structural material in industry, theurance of steel
against corrosion has pulled in much consideration. Aststeels are for the most part
stable in neutral and alkaline media, acidic environmergstlae real concern [13].
Inhibitors are utilized as a part of this procedure to cbntnetal dissolution. The
majority of the notable corrosive inhibitors are orgatwenpounds in acidic solutions
containing O, S, and/or N atoms [14-16]. In spite of thet that there are a several

studies on the corrosion inhibition effects of organic campls in acidic solutions
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[17,18]. The inhibitive activity is associated with a sevé@ators including the structure
and the charge distribution on the molecule, the numlzktrensorts of adsorption sites,
and the way of interaction between the atom and the mettdce [19]. Corrosion
inhibition happens by means of adsorption of the orgarotecule on the corroding
metal surface following some known adsorption isotherms thighpolar groups going
about as active centers in the molecules.

In this study a novel Schiff base with NQ®MI donor set of atoms has been
synthesized with condensation reaction of 4-amitipgrnne with pyridine-2-
carbaldehyde. The molecular and electronic structutbeofSchiff base ligand (PDMP)
was optimized theoretically and the quantum chemical peteas were calculated.
Molecular docking was used to predict the binding betwW@&MP) and the receptors
of 3hb5-oxidoreductase (breast cancer mutant 3hb5pqvkl-hormone (prostate cancer
mutant 2q7k). The nature of bonding of the Schiffebaad structural composition of
complexes were confirmed and characterized by eléheanalyses, spectroscopic,
magnetic susceptibility, molar conductance, elettspin resonance, conductivity

measurements, thermogravimetric analyses and poxwdey diffraction.

2. Procedure
2.1. Materials

Pure grade chemicals were used for the preparatitimedigand and the metal
complexes. The used chemicals including metals of £2E0O, CoCh.6H,0,
NiCl2.2H,0, MnChk.4H,0O and CdGl.2H,O were purchased from Sigma without any
further purification. Other materials such as organic swt/ée.g., ethanol, methanol and
acetone) were purchased in the highest possible @itgceived. Materials used for the
corrosion study were mild steel sheet of composition (Ww0%) C, 0.029 Si, 0.018 S,
0.0067 P, 0.397 Mn, 0.025 Ni, 0.0076 Cr, 0.0020 M6010 V, 0.036 Cu, 0.0010 Sn,
0.0057 Co, 0.126 Al, 0.023 Zn, 0.0020 Mg, 0.0046 6IB025 Bi and the rest Fe.

2.2. Synthesis of Schiff base
The Schiff base ligan(PMDP) (Fig. 1) was prepared by adapting a reported adeth

[4, 20]. Pyridine-2-carbaldehyde (start) (1 mmol) andMr@antipyrine (1 mmol), each
dissolved in 20 ml ethanol were mixed with constant stirririge mixture was refluxed
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and the obtained precipitate was filtered out and washedellyarmmol then dried in air.

The purity of the synthesized compound was tested bylttemethod.

2.3. Preparation of metal complexes
Complexes 1-5) were prepared by the direct reaction of the approphideated

metal(ll) chloride with the ligand (PMDP) (Fig. 2). A boijrsolution of the Schiff base
(2 mmol) in ethanol was added to a solution of hydratethitil) chloride (1 mmol) in

hot ethanol (20 ml). The mixture was gently heated oemizath for 1-3 h and then left
to stand overnight. The resulting solution yielded shinnirgpdmlored crystals which

wee filtered and washed with ether and dried oy€&;Hn vacuum.

2.4. DNA binding experiments

The binding properties of the ligand and complexe&)1s- CT-DNA have been
studied using electronic absorption spectroscopy. Thek ftolution of CT-DNA was
prepared in 5 mM Tris—HCI/50 mM NaCl buffer (pH = 7.@hich a ratio of UV absorb-
ance at 260 and 280 nm (A260/A280) of ca. 1.8—-1dcating that the DNA was suffi-
ciently free of protein and the concentration was detemnineUV absorbance at 260
nm € = 6600 M* cmi™) [21].

2.5. Biological activity investigation

For this investigation the agar well diffusion methas applied [21]. The antibac-
terial activities of the investigated compounds were tesfiaihst three local Gram posi-
tive bacterial specie®écillus cereus, Saphylococcus aureus andEnterococcus faecalis)
and three local Gram negative bacterial speétsshérichia coli, Klebsiella pneumoniae
and Pseudomonas aeruginosa) on nutrient agar medium. Also, the antifungal activities
were tested against three local fungal spedispe(gillus niger, Fusarium oxysporum
and the yeasfandida albicans) on DOX agar medium. The concentrations of each solu-
tion were 50, 100 and 150 pg/mL in dimethyl formamide @MBy using a sterile cork
borer (10 mm diameter), wells were made in agar megiates previously seeded with
the test microorganism. 200 pl of each compound \watieal in each well. The agar
plates were kept at 4 °C for at least 30 min to allowdiffesion of the compound to
agar medium. The plates were then incubated at 37 3D 6€ for bacteria and fungi,
respectively. The diameters of inhibition zone were detexdchafter 24 h and 7 days for
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bacteria and fungi, respectively, taking the considaradibthe control values (DMF).
Penicillin and miconazole were used as standard drugssagacteria and fungi, respec-

tively.

2.6. Analytical, physical and computational measurements

Microanalyses of carbon, hydrogen and nitrogen wengedaout at the Microana-
lytical Center, Cairo University, Egypt, using a CHNS-932@ Vario elemental ana-
lyzer. Analyses of the metals followed the dissolution ofgbiel complexes in concen-
trated HNQ, neutralizing the diluted aqueous solutions with ammondatdrating the
metal solutions with EDTA.*H NMR spectra, with samples in a solution in DMS©-d
were recorded with a 330 MHz Varian-Oxford Mercuryrabm temperature using
tetramethylsilane as an internal standard. ESR spectraregem@led with a JES-FE2XG
ESR spectrophotometer at the Microanalytical Center, Tankeetdity. The molecular
structures of the compounds were optimized using thi&edéaFock method with 3-21G
basis set. The molecules were built with Perkins ElImer Che3iBsoftware [22,23].
Infrared spectra were recorded as KBr discs usinghkirPElmer 1340 spectrophotome-
ter. Mass spectra were recorded by the El techniqu@ av/7using MS-5988 GS-MS
Hewlett-Packard. Ultraviolet-visible spectra of the compmisuwere recorded in nujol
mull using a Unicom SP 8800 spectrophotometer. The niagm®ment of the com-
plexes was determined at room temperature using the "&ougthod. Mercury(ll)
(tetrathiocyanato)cobalt(ll), [Hg{Co(SCHN]}, was used for the calibration of the Gouy
tubes. Diamagnetic corrections were calculated fromvéthees given by Selwood [24]
and Pascal's constants. Magnetic moments were calculateq tise equation,
Herr. = 2.84 [T The conductance was achieved using Sergeant Welattificie
Co., Skokie, IL, USA. Thermal studies were computed onuBameous Thermal
Analyzer (STA) 6000 system using thermogravimetric amaBGA) method. Thermal
properties of the samples were analyzed in the tempenatoge from 30 to 800 °C at
the heating rate of 186C/min under dynamic nitrogen atmosphere. X-ray diffraction
analysis of compounds powder forms was recorded oay)diffractometer analysis in
the range of diffraction angled2= 4-8C and carried out using CyKadiation § =
1.540598A). The applied voltage and the tube current are 40 k\3AnmA, respective-

ly.



Docking calculations were carried out on receptor of prostteer mutant 2q7k-
hormone and receptor of breast cancer mutant 3hb5+eddctase proteins models. The
MMFF94 Force field was used for energy minimizatioh ligand molecule using
Docking Server. Affinity (grid) maps of 20 x 20 x 20ghd points and 0.375 A spacing
were generated using the Autogrid program [23]. AutoclD parameter set- and
distance-dependent dielectric functions were used inalcelation of the van der Waals

and the electrostatic terms, respectively.

2.7. Corrosion inhibition of mild steel

The experiments were completed potentiodynamicallytireemostated three elec-
trode cell. Platinum foil was utilized as counter electradd a saturated calomel elec-
trode (SCE) coupled to a fine Luggin capillary as theresfee electrode. The  working
electrode was in the form mild steel under scrutiny and embedded in a Teflon bar
with an exposed area of 1 &nThe electrode was immersed in 100 ml of a test solution
for 30 min until a steady state open-circuit potentialjEvas accomplished. Poten-
tiodynamic polarization was conducted in an electrochdmictem (Gamry framework
instruments version 3.20) which contains a PCI/300 piotat, controlled by a com-
puter recorded and stored the data. Potentiodynamic cwesesrecorded by changing
the electrode potential from - 1.0 to 0.0v& SCE with scan rate of 5 mV/s. All experi-
ments were completed in freshly prepared solution at auntmperature (25 +iC)
utilizing a thermostat. Inhibition efficiency (%IE) and the eegof surface coverage)(

were characterized as [19]:
% IE = [(korr — lcorr(inhy) / icor] X 100 (1)
0 = [(icorr — Icorr(inhy) / corr] 2
where ko and torginnyare the uninhibited and inhibited corrosion current densityes,

respectively, determined by extrapolation of Tafel lines.

Electrochemical impedance spectroscop$)(Bhd electrochemical frequency
modulation (EFM) experiments carried out using the santeument as before with a
Gamry framework system based on ESA400. Gamry apipisanvolve software
EIS300 for EIS measurements and EFM140 for EFM meamnts; computer was used
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for collecting data. EchemAnalyst 5.5 software was usedpfotting, graphing and
fitting data. EIS measurements were carried out in @uéecy range of 100 kHz to 10
mHz with amplitude of 5 mV peak-to-peak using ac sigralsespective corrosion
potential. EFM carried out using two frequencies 2 andz5THe base frequency was 1
Hz. In this study, we use a perturbation signal with angiitef 10 mV for both
perturbation frequencies of 2 and 5 Hz.

3.Results and discussion

On the basis of elemental analysis, the complexes vgergned the composition
as shown in Table 1. The molar conductance values afotmplexes (1-5) in Idmolar
solution in DMF are found to be less than @8 mol™ cni', indicating that they are
non-electrolytic [21] which prove that the anion and tiygand are coordinated to the

central metal.

3.1. 'HNMR spectra

In the proton magnetic resonance spectrum of the ligamdl complex %)
recorded in DMSO-¢ The'H NMR spectrum of the ligand does not give any signal
corresponding to primary amine protons. The azomethirgtop, (HC=), seems to be
greatly affected by the isomer(s) or bulkiness presexan#ethine proton of the ligand is
observed as singlets in a different integral ratio in35 &pm. This undergoes downfield
shift in their corresponding comple&)( The spectrum of the ligand show pyridine ring
protons signal at & 7.30-7.45 ppm as singlet and exhibit downfield shifthie complex
to show the involvement of pyridine nitrogen in coordination witktal ions. The
=C-CH; and —N-CH protons were observed as singleb &.12-2.48 ppm, respectively,
and equivalent to three protons each.

3.2. Mass spectra

The electron impact mass spectra of ligand and itgptexes are recorded and
investigated at 70 eV of electron energy. The mass spediragmentation mode of
PMDP ligand shows the exact mass of 292 correspondinigetdormula G7H16N4O.
This ion undergoes fragmentation to a stable peak at %7 by losing @H11N, atoms
(structure 1) as shown in Scheme 1.The loss of cadtom leads to the fragmentation
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with m/z = 145 (structure 1l). The loss of CO atoms leadshe fragmentation with
m/z=117 (structure Ill). The loss of,@N atoms leads to the fragmentation with
m/z = 78 (structure 1V).

The electron impact mass spectra of compl€ke®) are shown in Schemes 2 and
3. The ion of m/z = 444.546 undergoes fragmentationstalale peak at m/z = 292, 184,
141 and 78 by losing eH,OCu, GHgO, CHiN, and GHN atoms, respectively,
(structures I-IV) for Cu(ll) complexl) (Scheme 2). The ion of m/z = 439.933 undergoes
fragmentation to a stable peak at m/z = 292, 200, 1d778rby losing GH,OCo, GHs,
C3H3N20O and GHN, respectively, (structures I-1V) for Co(ll) compl€R) (Scheme 3).
The ion of m/z = 439.69 undergoes fragmentation ttables peak at m/z = 292, 200,
172, 117, 90 and 78 by losing 2BbONi, C/Hs, N, GH30O, CHN and C atoms,
respectively, (structures 1-VI) for Ni(ll) compl€8) (Scheme 4).

3.3. X-ray diffraction analysis of Schiff base and its netal complexes

The X-ray diffraction (XRD) patterns powder forms oth#f base ligand
(PMDP), complex(1) and complex3) are presented in Fig. 3. The XRD of PMDP
ligand and complexe¢l) and (3) show many diffraction peaks which indicate the
polycrystalline phases. The values of inter-planar sga@hand Miller indices (hkl) for
Schiff base ligandPMDP), complex(1) and complex(3) are determined by using
CHEKCELL program [25]. The values of d and hkl f8chiff base ligandPMDP),
complex(1) and complex3) are tabled in Tables 2-4, respectively. The resulta/ghat
each Schiff base ligandPMDP), complex1) and complex3) are polycrystalline with
crystal system and structure with space group P21, R2t¥faP21, responsively. The
lattice parameters are estimated as: 23.5905 A, 5.788018,7263 A, 90.00 °©, 124.57 ©
and 90.00 ° for a, b, o, p andy, respectively, for ligan@®PMDP). 24.4595 A, 7.6978 A,
8.5211 A, 90.00 °, 99.28 ° and 90.00 ° for a, b, B,andy, respectively, for complefl)
and 23.9043 A, 5.7986 A, 10.4241 A, 90.00 °, 94.68d 90.00 ° for a, b, a, p andy,

respectively, for complef3).

The average crystallite sizé&)(can be calculated from the XRD pattern according
to Debye—Scherrer Eqg. [26]:



_ KA
., c088 3)(

é

The equation uses the reference peak width at adglevtiere) is wavelength of X-ray
radiation (1.541874 A), K is constant taken as 0.9%fganic compounds [26] arfid

is the width at half maximum of the reference diffraction pe&asured in radians. The
dislocation densityp, is the number of dislocation lines per unit areehefdrystal. The

value ofd is related to the average particle diameigby relation [26]:

¢ ()

The value of is calculated and found to be 73, 48 and 54 nmiamdalue ob is 1.85 x
10 4.27 x 10* and 3.47 x 1T nm % for ligand (PMDP), complefl) and complex3),

responsively.

3.4. Molecular docking

In this context, we used molecular docking betwstamt and Schiff base ligand
(PMDP) with receptors of 3hb5-oxidoreductase (kreascer mutant 3hb5) arf)7k-
hormone (prostate cancer mutant 2q7k). The reshltsved a possible arrangement
between start and Schiff base ligand (PMDP) witbeptors (3hb5 and 2q7k). The
docking study showed a favorable interaction betwstart and Schiff base ligand
(PMDP) with the receptors (3hb5 and 2q7k) as shiowiigs. 4 and 5 and the calculated
energy is listed in Table 5. According to the resobtained in this study, HB plot curve
indicates that the start binds to the proteins wiffdrogen bond interactions and
decomposed interaction energies in kcal/mol wergt @etween the start and Schiff base
ligand (PMDP) with receptors (3hb5 and 2q7k) asasshim Figs. 6 and 7. 2D plot curves
of docking with start and Schiff base ligand (PMP3 shown in Figs. 8 and 9.

3.5. Geometrical structures of Schiff base and its metatomplexes

The geometrical structures of the Schiff base (PM&MI its complexedl{5) are
shown in Fig. 10. The bond lengths and bond anfgieBMDP and its metal complexes
(1-5) are listed in Tables 6-11. The HOMO-LUMO energgpgAE, which is an
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important stability index, is applied to develomdhetical models for explaining the
structure and conformation barriers in many molacaystems. The HOMO and LUMO
of the Schiff base ligand (PMDP) and its complegk$) are shown in Fig. 11. The
parameters of quantum chemical are listed in TaBleAdditional parameters such as
AE, absolute electro negativitieg, chemical potentials, Pi, absolute hardness,
absolute softnessg, global electrophilicity,®, global softness, S, and additional
electronic chargeANmax, have been calculated according to the followiggations
[22,23]:

AE = E yuo0 ~ Enomo 5)

- (EHOMO + ELUMO)

X= 2 (6)
— ELUMO B EHOMO
1] = e 7)(
n
Pi = -X (9)
1
S=-— 10
2 (10)
Pi’
= 11
w 2 (11)
__Pi
AN, .. = = (12)

The value ofAE for Schiff base ligand (PMDP) and its metal coaxpls {-5) was
found to be5.40Q 0.935 0.664 1.405 0.070and2.958eV, respectively, therefore the com-

plex (4) is more stable than the other complexes (Table 12).sown in Fig. 12, it is
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clear that the value & increase with decreasing the ionic radii of metahplexes and

the complexJ) is higher than the other complexes, due to thetaonic radius.

3.6. Infrared spectra

IR spectrum of the ligand does not exhibit any baadesponding for the free
primary amine and aldehydic groups [27]. New bamgsear in the spectrum of the free
ligand in ~ 1644 (C=0) and ~ 1562 ¢n>C=N) groups. These two bands shifted to-
wards lower side (~ 20-30 ¢thin the complexes (1-5) (Table 13) indicating ttiat co-
ordination takes place through the oxygen@=0) and nitrogen of azomethine group
v(>C=N) [28]. There are new bands at 515-535 (M-68J 410-430 cil (M-N) which

are not present in the spectrum of the free ligand.

The pyridine ring vibrations, most affected by ogen of pyridine in coordina-
tion with a metal atom are pyridine ring deformatiao plane ring deformation and out-
of-plane deformation [29]. These vibrations in t@mplexes(1-4) (Table 13) exhibit
medium to strong bands at 1496-1492 and 1466-1424as expected for the highest
pyridine ring vibration. The low frequency pyridimeode lies in the range 637-620 and

445-432 crit. This suggests the involvement of pyridine ringd@ordination [30].

Based on the above spectral evidences, it is eoafirthat the ligand is neutral
tridentate, coordinatingvia the carbonyl oxygen of 4-aminoantipyrine, azonrethi
nitrogen and the pyridine nitrogen atom for all gdexes (L-4), except complex5)
bidentate neutral through carbonyl oxygen of 4-aamipyrine, and azomethine

nitrogen atoms.

The results and discussion on metal chelate offfSzdise (PDMP) denote that
the CO and CN bands, suffer some changes in tbsitipn. However, it is of interest to
mention that the magnitude of frequency shiftsépahdent on the nature of both metal
ion and ligand. This was essentially ascribed &dhange in the strength of the electro-
static field of the metal ion and the position bé tvibrating dipole [31]. For the metal
ions which have the same charge, the distance batti® metal ion and the coordinated
groups is the main factor affecting band shiftse Thagnitude of frequency shifts was
utilized by Issa et al. [31] in detrerming the diste between the metal ion and coordi-

nated of the coordination bond. According to Karags and Peter [32], the shifts in the
11



IR spectrum of Schiff base, on coordination tdah®sns, are comparable to those due
to adsorption on salt substrate. The Scheme giyelsda et al. [31] can be treated in

more or less the same manner.

The value of the coordination bond length (r) cardbtermined from the relation:

Av = (321/8) e (Vyey —Vxey)E 2 27] (13)

where,a = bond polarisabilityAv = shift in the oscillator frequencyigand —veompley,

a = lattice constant of the metal salt used, = frequency of the oscillator with single
bond, v~ frequency of the oscillator with double bond ardlength of the oscillator

coordinated to metal ion.

The relation denotes that log would be a linear function of (r). The value of (r
can be directly calculated for determined graphycalhe values of (r) for Schiff base
(PDMP) is given in Table (14). The length of thebnation bond for CO group is not
much different from the CN, indicating a more osdesymmetrical arrangement of the

the ligand about the metal ion.
3.7. Thermal analysis

3.7.1. Thermogravimetric analysis of ligand (PMDP)

The TGA curve for ligand is shown in Fig. 13 ancblEal5. Ligand shows two
decomposition steps, the first stage occur in #maperature range 40-475 °C corre-
sponding to loss of £H1:N>,O with a practical weight loss of 64.48 % (calc.(B4%).
The second stage in the temperature range 475@@drresponding to loss ofs@sN»

with a practical weight loss of 35.52 % (calc. 359).

3.7.2 Thermal analysis of complexes (1-5)

The TGA curves for complexes are shown in Fig. 48 #thermal analysis data of
complexes 1-5) are listed in Table 15. The thermogram of the gexes {-4) under-
went degradation in three stages. The first stdgiecomposition in the range ~126-295
°C for M(ll) complexes can be attributed to losscobrdinated water molecule. The se-
cond stage of decomposition corresponds to thedb&d, molecule and decomposition
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of a part of the ligand. The third stage is attidolto loss of a part of the ligand. The re-

maining final product is metal oxide residue.

The TGA curves of compoun&)(showed that the complex underwent degrada-
tion in two successive stages. The first stage efothposition is due to loss of
C7HsNoCl, at the temperature range 285-460 °C. The secaug# sif decomposition is
due to loss of ¢H11N; at the temperature range 460-650 °C. The residuesmonds to

cadmium oxide.

3.8. Kinetic studies

The kinetic parameters such as activation energy (&bbs free energy change
of the decompositionAG*), enthalpy AH*) and entropy AS*) were evaluated graph-
ically by employing the Coast-Redfern [33] and Heita-Metzger [34] methods.

The thermal activation energy for decompositiog) @d entropy4S ) were cal-
culated [21]. The enthalpyAH’) and Gibbs free energy of decompositi?tG{) were

calculated fromaH ™ = Eq - RT andAG =AH -TAS , respectively.

The thermodynamic data obtained with the two methfod M(1) complexeg1-5)
are listed in Table 16 and Figures 14 and 15. theemodynamic results obtained from
the Coats-Redfern and Horowitz-Metzger methodsamparable and can be considered
in good agreement with each other [21].

The calculated values of,EA, AS*, AH* and AG* for the decomposition steps for
Schiff base ligandPMDP) and its metal complex€$-5) are summarized in Table 16.
The kinetic data obtained from the two methodscaraparable and can be considered in
good agreement with each other. From the resuttsrada, the following remarks can be

pointed out:

(1) The high values of the energy of activation,dt the complexes reveal the high

stability of such chelates due to their covalemtdoharacter [21].
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(2) The positive sign oAG* for the investigated complexes reveals thatftbe en-
ergy of the final residue is higher than that of thitial compound, and all the

decomposition steps are non spontaneous processes.

(3) The negativeAS* values for the decomposition steps indicate #ihistudied

complexes are more ordered in their activated .state
3.9. Magnetic moment and electronic spectra

The room temperature magnetic moment of Co(ll) dem2) is 4.92 B.M. The
electronic spectrum in solid state shows three rgtism bands 83004T19(F) —
T2(F)], 17600 {T14(F) — “Axy(F)] and 20800 cih[*T14(F) — “T14(P)], in an octahedral
field [35]. The octahedral geometry of cobalt@mplex is further supported by the
value of thevs/v, ratio, which is 1.18. Racah parameters of Co@plex (2) are calcu-
lated. The values of the ligand field paramete®d.& 9300 crit and B = 900 cf are
in good agreement with the predicted values foaloetiral complexes of Co(ll) [36].
The nephlauxetic ratiop] = 0.804 suggesting an ionic character of cobkligand
bonds [37]. The ligand field stabilization energyff8E = 26.63 kcal md) and the per-

centage lowering of energy in free gaseous [8r+(20 %) has been calculated.

The electronic spectrum of Ni(ll) complexhibits three bands 85066\[19(F) —
3T2(F)], 14500 fA(F) — *T1(F)] and 25000 cin [ *Axy(F) — *T1(P)] transition. The
Racah parameter of interelectronic ratio for Ni@dmplex is calculated . Thg/v1, va/v,
andv,/v; transition ratios are 2.941, 1.724 and 1.706 mspdy. Also the values of Dq,
B, Dg/B andp are 850, 933, 0.911 ¢hrand 0.899, respectively, and ligand field stabili-
zation energy (LFSE = 29.21 kcal ritpl supporting the octahedral structure [38]. The
effective magnetic moment data of Ni(ll) complex3i82 BM. within the high spin octa-
hedral (3.00-3.50 BM.). The high spin data are tuarise from the spin orbit coupling
which causes an orbital contribution to the quedéhag ground state of Ni(ll) ion in an

octahedral structure [39].

The value of Dq is found to be in the range, iatlig the intermediate ligand
field position of the ligands in the nerphelauxet&ries. The interelectronic repulsion

parameter value is lower than that for the fredINign, which attributed to the deloca-
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tion of the electrons over the molecular orbitélattencompass both the metal and the
ligand. Furthermore, the value of B showed thatghelectrons are-antibonding and
spend some of their time on the ligand. Theetectrons may becomebonding or anti-
bonding and spend some of their time on the ligditek nephelauxetic ratip for the
Ni(Il) complex indicate the presence of electrotodalization over all the molecular or-
bitals and therefore a covalent character of n{tdigand bonding.The percentage

lowering of energy in free gaseous i@ £ 10 %) has been calculated.

The electronic spectrum of Mn(ll) compkhows three bands between 15770 and
16120 cn due t0*T1g — ®Asq Tog(G) — °Aiq and*Ti1¢D) — °Ayq transition [40].
The magnetic moment is found to be 5.31 B.M., whidticates the presence of Mn(ll)

complex in octahedral geometry.

Cu(ll) complex has one unpaired electaml magnetic moment 1.96 B.M. The
reflectance spectrum exhibits a broad band 1410bassignable to the transitiélﬁgJ —
Zng of an octahedral Cu(ll) ion [41]. The broadenirfglee band may be due to Jahn-
Teller effect, since the statg, is susceptible to distortion.

3.10. ESR spectrum

The room temperature solid state ES&ttspm of copper complex exhibits axi-
ally symmetric g-tensor parameters with g g5 > 2.0023. The g-values reflect that the
Cu(ll) center has a tetragonal distorted octahedemimetry with d%y? orbital as a
ground state [42]. The observation gfamd g for copper suggest that the system is axi-
ally symmetric [27]. In the axial spectrum the dues are related by the expression [42],
G = g-2.0023/g-2.0023 = 5.33 suggest, that local tetragonat ae aligned parallel
with unpaired electron inygly, orbital [43]. The f value also indicate the stetgemistry
of the Cu(ll) complex (1). Reported range for sguplanar complexes is 105-135¢tm
and for tetragonal distorted complexes is > 135 §7]. For the present Cu(ll) complex

f value is > 135 cm, indicates the tetragonal distortion.

In hexa-coordinated complex, tetradgatiatortion from octahedral symmetry
due to the Jahn-Teller distortion is very commohe Tow g-value obviously corre-

sponds to regular octahedral Cu(ll) complex. Supygerfine structure for this complex
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is not seen at higher field excluding any inte@cwf the nuclear spins of nitrogen with

the unpaired electron density on Cu(ll).

The ESR parameterg @, 0., A1 and energy d-d of transition was used to
evaluated the bonding parametefs ° andy® (Table 17). The extent of departure of
these coefficients from unity measures the extédetocalization of the metal electrons
due to metal-ligand bonding? measures-bonding [44],p? measures out-of-plane
bonding andy? measure in-plane-bonding. In the present case, tifevalue indicates
the slight ionic nature of the metal-ligasebonding is more covalent than in-plame
bonding. The deviation from unity §§f andy? values indicates the presence of consider-
able out-of-plane and in-plamebonding contribution in metal liganebonding. These
data are well in accordance with other reportedes[45]. Based on these observations,
a distorted octahedral geometry is proposed forctimaplex (1). The ESR study of the
copper(ll) complex (1) has provided supportive ewice to the conclusion obtained on
the basis of electronic spectrum and magnetic morauoe.

3.11. Corrosion inhibition of mild steel using PDMP

3.11.1. Potentiodynamic polarization measurements

The potentiodynamic polarization curves for mildedtin 2 M HCI without and
with various concentrations of PDMP at 25°%1 are shown in Fig. 16. The electrochem-
ical parameters; cathodiff and anodicf{;) Tafel slopes, corrosion potential.{B, and
corrosion current densitycl;), were acquired and recorded in Table 18. It wasd that
icorr decreases by adding the PDMP and by increasingeotration. Fig. 16 clearly
demonstrates that both anodic and cathodic reactaos inhibited, which shows that in-
vestigated compound go about as mixed-type inhilii®,27]. Likewise, the conse-
guences of) and %IE where calculated utilizing values gf.i The rate inhibition effi-
ciencies (%IE) calculated fromg) of PDMP is given in Table 18. A review of the out-
comes acquired from this Table reveals that, tlksgnce of various concentrations of the
added substance decreases the anodic and catlhodiotadensities and the polarization

resistance. This shows the inhibiting effects efithvestigated compound.
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3.11.2. Electrochemical impedance spectroscopy (BIS

The corrosion of mild steel in 2 M HCI withthe presence of the researched com-
pound was examined by EIS strategy at 25Gafter 30 min immersion. Nyquist plots
in the absence and presence of PDMP is exhibit€aginl7. It is clear that Nyquist plots
demonstrate a single capacitive circle, both imhbitited and inhibited solutions. The
impedance data of mild steel in 2 M HCI are examlias far as an equivalent circuit
model Fig. 18 which include the solution resistaRg@and the double layer capacitance
Ca which is put in parallel to the charge transfesisence R [19] because of the charge
transfer reaction The capacity of double layeg)(€an be calculated from the accompa-
nying equation:

1

Cy = (14)

2nf R

max ct

where f.ax iIs the maximum frequency. The parameters got frmmedance values are
given in Table 19. It can see from Table 19 that\hlues of charge transfer resistance
Re: increases with inhibitor concentration [27]. Orc@ant of impedance studies, %IE
increases with inhibitor concentration within thegence of researched inhibitor.

The inhibition efficiency (%IE) and the surface ecage §) of the used inhibitor

obtained from the impedance measurements werelatdduby applying the following

relations:
[o]
%IE=(1—R°tJX100 (15)
R(:t
9=(1—R2‘J (16)
Rct

where, Ry and R; are the charge transfer resistance in the absemt@resence of in-

hibitor, respectively.

It is additionally noticed that the Cvalues tend to decrease when the concentra-
tion of these compound increases. This decreaf&qyi;y which can come about because

of a decrease in local dielectric consistent andfboincrease in the thickness of the elec-
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trical double layer, proposes that this compoundemwe function by adsorption at the
metal/ solution interface [19]. The inhibiting efteof this compound can be attributed to

their parallel adsorption at the metal solutioreifdace.
3.11.3. Electrochemical frequency modulation techgue (EFM)

EFM is a nondestructive corrosion measunt technique that can directly and
quickly determine the corrosion current values waithprior knowledge of Tafel slopes,
and with only a small polarizing signal. These adages of EFM technique make it an
ideal candidate for online corrosion monitoring J[46he great strength of the EFM is
the causality factors which serve as an internacklon the validity of EFM measure-
ment. The causality factors CF-2 and CF-3 are tatled from the frequency spectrum of
the current responses. Fig. 19 shows the EFM Irdéuatation spectrums of mild steel in
2 M HCI solution containing different concentratsoof PDMP compound. The harmon-
ic and intermodulation peaks are clearly visibld are much larger than the background
noise. The two large peaks, with amplitude of aliid pA, are the response to the 40
and 100 mHz (2 and 5 Hz) excitation frequencies iinportant to note that between the
peaks there is nearly no current response (<100 Ti#g experimental EFM data were
treated using two different models: complete diffascontrol of the cathodic reaction
and the “activation” model. For the latter, a sethwee non-linear equations had been
solved, assuming that the corrosion potential dm#schange due to the polarization of
the working electrode [47].The larger peaks werdu® calculate the corrosion current
density (ior), the Tafel slopesp( and ;) and the causality factors (CF-2 and CF-
3).These electrochemical parameters were listéithbie 20. It was found that the addi-
tion of tested compound at a given concentratiatihéoacidic solution decreases the cor-
rosion current density, indicating that this compauinhibit the corrosion of mild steel in
2 M HCI through adsorption. The causality factolsamned under different experimental
conditions are approximately equal to the theoatti@lues (2 and 3) indicating that the
measured data are verified and of good quality. ihhéition efficiencies% lEgy in-
crease by increasing the inhibitor concentratiomd was calculated as from equation
@n:

%IEerm=[1-(icorr /iocorr)]x 100 (17)
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where feor and ko are corrosion current densities in the absencepaesknce of inhibi-
tor, respectively.

3.12. DNA binding studies

DNA usually exhibits hypochromic as a consequerfcth® intercalation mode,
which involves a strong stacking interaction betwae aromatic chromophore and the
base pairs of DNA. The intrinsic binding constamOT-DNA by monitoring the absorp-
tion intensity of the charge transfer spectral Isandar 346 nm for the ligand (PMDP)
and 344, 345, 345, 344 and 345 nm for compl€%es), respectively, was determined.
The intrinsic binding constant (Kof the compound with CT-DNA was determined us-

ing the following equation [21]:

[DNA] _ [DNA] 1

(18)
(aa—sf) (5b _Ef) Kb(aa_sf)

where [DNA] is the concentration of CT-DNA in bagairs, e, is the molar extinction
coefficient observed for the //[compound] at the given DNA concentratian,is the
molar extinction coefficient of the free compound solution ande, is the molar
extinction coefficient of the compound when fullgriml to DNA. In plots of [DNA]/¢+—
er) versus [DNA], kK is given by the ratio of the slope to the intetcep

DNA interaction study by UV-Visible spectroscopg@tonic absorption spectra
was initially used to examine the interaction betwégand and CT-DNA. After interac-
tion with increasing amount of DNA, the absorptgpectra of ligand (PMDP) and com-
plexes(1-5) display clear hypochromism with slight red shiftLl(nm). These interac-
tions result in the observed hypochromic [48]. Tiiteinsic binding constant (K values
obtained from the absorption spectral techniqug.(ED) were calculated as 2.61 %10
M™ for ligand (PMDP) and 4xfaM™, 2.31x16 M*, 2.81x1d M™, 2.64x10" M, and
1.99 x13 M for complexeg1-5), respectively.
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3.13. Antimicrobial studies

The antimicrobial activity of Schiff base ligand (@yridin-2-
yl)methyleneamino)-1,2-dihydro-2,3-dimethyl-1-phigyazol-5-one (PDMP) and
metal complexe$l-5) are tested against three positive and three eghb#cteria, two
fungi and one yeast using agar well diffusion mdtfiadl]. The antibacterial activities
were recorded in the present investigations ag&agt|us cereus, Staphylococcus au-
reus, Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae and Pseudomonas
aeruginosa. The zone of inhibition was measured in mm and waspared with a
standard drug as listed in Table 21. DMSO was @ased blank and penicillin was used
as the antibacterial standard. The results indicttat, these compounds at the prepared
concentrations (50, 100 and 150 pg/mL) are inaciyainstBacillus cereus, Staphylo-
coccus aureus, Enterococcus faecalis, Escherichia coli, Klebsiella pneumonia except
compound PMDP showed low activity agaifstherichia coli (1.0 mm at 150 pg/mL
only). Complex (4) showed little activities agairR$eudomonas aeruginosa at 150
pg/mL only (0.4 mm). Complexes 2, 3 and 5 have matdeantibacterial activities (0.6,
0.8 and 1.0 mm for complex 2 at 50, 100 and 150nugespectively, and 0.93, 1.0 and
1.4 mm for complex 3 at 50, 100 and 150 pg/mL respely, and 0.5, 0.4 and 0.4 mm
for complex 5 at 50, 100 and 150 pg/mL respectivagjainstPseudomonas aeruginosa
when compared with penicillin (Table 21).

The antifungal activities were recorded in the présnvestigations againgis-
pergillus niger, Fusarium oxysporum and the yeastandida albicans. DMSO was used
as a blank and miconazole was used as standafdrayati drug and the results were rec-
orded in Table 22. Unfortunately, all the testethpounds in the different prepared con-

centration did not show any antifungal or anticdatiactivities.
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Conclusion

In this study, we have synthesized and charactkiigand and complexes by
combined study of spectroscopic, magnetic susdéptiand thermal analysis. The
ligand behaves tridentate forming five-memberedathmg ring towards the metal ions,
bonding through azomethine nitrogen, azomethinadme nitrogen and exocyclic
carbonyl oxygen. Apart from this, XRD studies shihat both the ligand and its metal
complexes 1 and 3) show polycrystalline with crystal structure. Fetmore, the
detailed thermal study played an important rolecoofirm the number and nature of
water molecules in coordination. Double layer cé@paces decrease with respect to
blank solution when the inhibitor added. This fawy explained by adsorption of the
inhibitor molecule on the mild steel surface. EFMncbe used as a rapid and
nondestructive technique for corrosion measuremeitteout prior knowledge of Tafel
slopes. The hetero atoms N and O are the actige sftthe PDMP ligand. It can adsorb
on Fe surface firmly by donating electrons to Fearest and accepting electrons from 3d

orbital of Fe atoms.
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Table 1Elemental analyses and physical properties of PMIDd its metal

complexes
Compound M.p. Hefr, Exp. (calcd.)%
(°C) C H N M
(B.M.)
PMDP 146 - 69.66 5.63 18.89 -
(69.86) (5.48)  (19.18)
[Cu(PMDP)Ch H,O] (1) 232 1.96 45.66 3.92 12.39 14.20
(45.89) (4.05) (12.60)  (14.29)
[Co(PMDP)Ch H,0] (2) > 300 4.92 46.25 3.89 12.55 13.44
(46.37) (4.09)  (12.73)  (13.40)
[Ni(PMDP)CL H,0] (3) > 300 3.32 46.26 4.87 12.54 13.04
(46.40) (4.09) (12.74)  (13.35)
[Mn(PMDP)CLH,O] (4) > 300 5.31 46.69 4.01 12.66 12.97
(46.80) (4.13)  (12.85) (12.60)
[Cd(PMDP)C}] (5) > 300 dia. 42.84 3.29 11.53 23.73
(42.91) (3.37)  (11.78) (23.64)

®The identification test for the chloride ions insithe coordination sphere was performed
using AgNQ reagent after decomposition of Schiff base comggdxy adding 1 mL of
concentrated HN® This result proves that two chlorine atoms atachied to metal ion

to complete the coordination sphere.
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Table 2.Crystallographic data of Schiff base ligand (PMDP).

Peak no. Bobs. (°) Chos. (A) 20caic. () | Chaic. (A) hkl
1 7.9055 11.1831 7.9525 11.117p 201
2 11.0808 7.9846 11.0668|  7.9947 101
3 13.5953 6.5130 13.6004| 6.4662 102
4 17.2128 5.1514 17.2092|  5.1288 011
5 17.8475 4.9697 17.8364| 49727 210
6 19.4340 4.5674 19.4028| 45688 303
7 19.8400 4.4748 19.8597|  4.4704 203
8 21.3330 4.1649 21.3226| 41669 103
9 22.2188 4.0008 221702  4.0005 412
10 25.1578 3.5397 251685  3.5382 213
11 28.1990 3.1645 28.2077 3.1635 501
12 32.2770 2.7734 32.2569| 27751 700
13 41.4653 2.1776 41.4904| 21763 723
14 42.2612 2.1384 42.2709 2.1379 801
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Table 3.Crystallographic data of compléx).

Peak no. Bobs. (©) thos. (A) 20cac. (°) | Chac. (A) hkl
1 7.3115 12.0809 7.3183 12.0697 200
2 10.5892 8.3477 10.5111 8.4095 001
3 11.7045 7.5546 11.8067 7.4804 201
4 13.8011 6.4113 13.7593 6.4307 201
S 17.8551 4.9637 17.9591 4.935 211
6 19.4387 4.5627 19.4220 4.5666 401
7 20.1080 4.4123 20.0809 44182 311
8 21.1098 4.2052 21.1119 4.2047 002
9 21.7370 4.0852 21.7113 4.0000 510
10 22.8392 3.8905 22.8235 38931 511
11 23.8689 3.7249 23.8531|  3.7274 112
12 25.4994 3.4903 25.4642 3.4951 511
13 26.2269 3.3951 26.2120 3.3977 212
14 27.6680 3.2215 27.7221 3.2153 402
15 28.5973 3.1189 28.5899|  3.1197 421
16 30.3456 2.9430 30.3463 2.943( 421
17 31.7876 2.8128 31.7658 2.814¢ 711
18 32.7226 2.7345 32.7429| 27328 621
19 33.6840 2.6586 33.6835|  2.6586 213
20 35.3047 2.5402 35.2625| 25431 721
21 35.9901 2.4934 35.9534 2.4958 213
22 42.2152 2.1390 42.2099 21392 1011
23 45.4007 1.9960 45.4194 1.9952 114
24 47.0556 1.9296 47.1089 1.9275 1021
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Table 4.Crystallographic data of complég).

Peak no. Bobs. (©) thos. (A) 20cac. (°) | Chac. (A) hkl
1 7.4105 11.9197 7.4152 11.912p 200
2 8.4852 10.4123 8.5041 10.389p 001
3 9.5564 9.2474 9.5533 9.2504 101
4 10.8258 8.1658 10.8241 8.1670 201
5 15.7132 5.6352 15.7162 56341 110
6 17.0627 5.1924 17.0554 5.194¢ 002
7 18.9383 4.6822 18.9347 46830 310

Table 5. Energy values obtained in docking calculationstaft and Schiff base ligand
(PMDP) with receptors of 3hb5-oxidoreductase (dreascer mutant 3hb5) and 2q7k-

hormone (prostate cancer mutant 2q7Kk).

Compound Est. Free Energy o vdW+ Total in-
of Binding | ESt-inhi-|  phond+ | Electrostatic ercooled
Receptors (kcal/mol) bition desolv Interact
constant Energy Energy | Surface
(Ki) (uM) | energy (kcal/mol) (kcal/mol)
(kcal/mol)
Start 3hb5 -4.01 1.15 -4.25 -0.05 -4.31 359.508
2q7k -3.58 2.37 -3.79 -0.09 -3.88 280.291
Schiff base 3hb5 -6.68 12.67 -7.73 -0.16 -7.89 732.285
ligand
(PMDP) 2q7k -5.97 41.81 -7.05 +0.03 -7.03 568.364
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Table 6. The selected geometric parameters3ohiff base ligand (PMDP)

Bond lengths (A)

Bond angles {)

C(21)-H(38)
C(20)-H(37)
C(19)-H(36)
C(18)-H(35)
C(17)-H(34)
C(15)-H(33)
C(15)-H(32)
C(15)-H(31)
C(13)-H(30)
C(13)-H(29)
C(13)-H(28)
C(7)-H(27)
C(6)-H(26)
C(5)-H(25)
C(2)-H(24)
C(1)-H(23)
C(16)-C(21)
C(20)-C(21)
C(19)-C(20)
C(18)-C(19)
C(17)-C(18)
C(16)-C(17)
C(5)-C(4)
N(3)-C(4)
C(2)-N(3)
C(1)-C(2)
C(6)-C(1)
C(5)-C(6)
N(12)-C(14)
C(8)-C(14)
C(9)-C(8)
N(11)-C(9)
N(12)-N(11)
C(7)-N(22)
C(8)-N(22)
N(11)-C(16)
C(14)-C(15)
N(12)-C(13)
C(9)-O(10)
C(4)-C(7)

1.103
1.103
1.103
1.103
1.101
1.112
1.113
1.112
1.113
1.114
1.112
1.097
1.102
1.103
1.103
1.102
1.349
1.342

1.34

1.34
1.343
1.349
1.348
1.271
1.265
1.341

1.34
1.342
1.277
1.348
1.367
1.274
1.362
1.264
1.267
1.279
1.509
1.485
1.215

1.35

H(37)-C(20)-C(21)
H(37)-C(20)-C(19)
C(21)-C(20)-C(19)
H(36)-C(19)-C(20)
H(36)-C(19)-C(18)
C(20)-C(19)-C(18)
H(35)-C(18)-C(19)
H(35)-C(18)-C(17)
C(19)-C(18)-C(17)
H(38)-C(21)-C(16)
H(38)-C(21)-C(20)
C(16)-C(21)-C(20)
H(34)-C(17)-C(18)
H(34)-C(17)-C(16)
C(18)-C(17)-C(16)
C(21)-C(16)-C(17)
C(21)-C(16)-N(11)
C(17)-C(16)-N(11)
H(30)-C(13)-H(29)
H(30)-C(13)-H(28)
H(30)-C(13)-N(12)
H(29)-C(13)-H(28)
H(29)-C(13)-N(12)
H(28)-C(13)-N(12)
C(9)-N(11)-N(12)
C(9)-N(11)-C(16)
N(12)-N(11)-C(16)
H(33)-C(15)-H(32)
H(33)-C(15)-H(31)
H(33)-C(15)-C(14)
H(32)-C(15)-H(31)
H(32)-C(15)-C(14)
H(31)-C(15)-C(14)
C(14)-N(12)-N(11)
C(14)-N(12)-C(13)
N(11)-N(12)-C(13)
N(12)-C(14)-C(8)
N(12)-C(14)-C(15)
C(8)-C(14)-C(15)
C(8)-C(9)-N(11)
C(8)-C(9)-O(10)
N(11)-C(9)-O(10)
C(14)-C(8)-C(9)
C(14)-C(8)-N(22)
C(9)-C(8)-N(22)

120.173
119.783
120.041
120.492
120.513
118.995
119.575
120.109
120.315

120.86
116.846
122.264
116.063
121.948
121.956
116.421
119.478
124.085
109.096
103.773
112.574
109.301
110.736

111.11
102.377
130.413
122.969
107.721
103.309
112.313

110.77
111.004
111.429

114.2

116.117
129.121

104.51
127.747
127.523
111.358
124.109
124.389
106.358
134.208
119.428

28



C(7)-N(22)-C(8)
H(26)-C(6)-C(1)
H(26)-C(6)-C(5)
C(1)-C(6)-C(5)
H(27)-C(7)-N(22)
H(27)-C(7)-C(4)
N(22)-C(7)-C(4)
H(25)-C(5)-C(4)
H(25)-C(5)-C(6)
C(4)-C(5)-C(6)
C(5)-C(4)-N(3)
C(5)-C(4)-C(7)
N(3)-C(4)-C(7)
C(4)-N(3)-C(2)
H(24)-C(2)-N(3)
H(24)-C(2)-C(1)
N(3)-C(2)-C(1)
H(23)-C(1)-C(2)
H(23)-C(1)-C(6)
C(2)-C(1)-C(6)

128.685
120.767
121.098
118.134
118.763
116.417
124.806
121.923
117.909
120.168
120.353
122.158
117.488
120.096
116.224
119.827
123.949
121.385
121.315
117.299
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Table The selected geometric parameters for com(lgx

Bond lengths (A)

Bond angles )

0(26)-H(44) 1.016 H(41)-C(20)-C(21) 120.178
0(26)-H(43) 1.024  H(41)-C(20)-C(19) 119.713
C(21)-H(42) 1.101  C(21)-C(20)-C(19) 120.102
C(20)-H(41) 1.103 H(40)-C(19)-C(20) 120.536
C(19)-H(40) 1.103 H(40)-C(19)-C(18) 120.541
C(18)-H(39) 1.103  C(20)-C(19)-C(18) 118.917
C(17)-H(38) 1.101 H(39)-C(18)-C(19) 119.593
C(15)-H(37) 1.112 H(39)-C(18)-C(17) 120.134
C(15)-H(36) 1.113  C(19)-C(18)-C(17) 120.274
C(15)-H(35) 1.113 H(42)-C(21)-C(16) 121.215
C(13)-H(34) 1.113 H(42)-C(21)-C(20) 116.436
C(13)-H(33) 1.111  C(16)-C(21)-C(20) 122.315
C(13)-H(32) 1.113 H(38)-C(17)-C(18) 115.883
C(7)-H(31) 1.104 H(38)-C(17)-C(16) 122.004
C(6)-H(30) 1.107 C(18)-C(17)-C(16) 122.1
C(3)-H(29) 1.101 C(21)-C(16)-C(17) 116.261
C(2)-H(28) 1.102 C(21)-C(16)-N(11) 120.903
C(1)-H(27) 1.103 C(17)-C(16)-N(11) 122.794
C(16)-C(21) 1.349  H(34)-C(13)-H(33) 104.349
C(20)-C(21) 1.342  H(34)-C(13)-H(32) 110.019
C(19)-C(20) 1.34  H(34)-C(13)-N(12) 110.691
C(18)-C(19) 1.34  H(33)-C(13)-H(32) 107.714
C(17)-C(18) 1.343  H(33)-C(13)-N(12) 113.506
C(16)-C(17) 1.349  H(32)-C(13)-N(12) 110.358
0(10)-Cu(23) 1.841  H(37)-C(15)-H(36) 107.383
N(5)-Cu(23) 1.383 H(37)-C(15)-H(35) 106.92
N(22)-Cu(23) 1.391  H(37)-C(15)-C(14) 111.854
0(26)-Cu(23) 1.862  H(36)-C(15)-H(35) 109.351
Cu(23)-CI(25) 2.187  H(36)-C(15)-C(14) 110.556
Cu(23)-Cl(24) 2.186  H(35)-C(15)-C(14) 110.644
C(7)-N(22) 1.272 C(14)-N(12)-C(13) 115.287
C(8)-N(22) 1.278 C(14)-N(12)-N(11) 115.32
N(11)-C(16) 1.277  C(13)-N(12)-N(11) 129.081
C(8)-C(14) 1.34 C(8)-C(14)-C(15) 123.894
C(14)-C(15) 1.504  C(8)-C(14)-N(12) 104.331
N(12)-C(14) 1.283  C(15)-C(14)-N(12) 131.758
N(12)-C(13) 1.484  C(16)-N(11)-N(12) 127.287
N(11)-N(12) 1.367 C(16)-N(11)-C(9) 129.92
C(9)-N(11) 1.266 N(12)-N(11)-C(9) 99.515
C(9)-0(10) 1.215 N(11)-C(9)-O(10) 138.73
C(8)-C(9) 1.348 N(11)-C(9)-C(8) 114.778
C(4)-C(7) 1.335 0(10)-C(9)-C(8) 106.485
C(6)-C(1) 1.348 H(44)-0(26)-H(43) 70.952
N(5)-C(6) 1.281 H(44)-0(26)-Cu(23) 90.768
C(4)-N(5) 1.271 H(43)-0(26)-Cu(23)  137.128
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C(3)-C(4)
C(2)-C(3)
C(1)-C(2)

1.342
1.341
1.342

N(22)-C(8)-C(14)
N(22)-C(8)-C(9)
C(14)-C(8)-C(9)
Cu(23)-N(22)-C(7)
Cu(23)-N(22)-C(8)
C(7)-N(22)-C(8)
Cu(23)-0(10)-C(9)
0(10)-Cu(23)-N(5)
0(10)-Cu(23)-N(22)
0(10)-Cu(23)-0(26)
0(10)-Cu(23)-CI(25)
0(10)-Cu(23)-Cl(24)
N(5)-Cu(23)-N(22)
N(5)-Cu(23)-0(26)
N(5)-Cu(23)-CI(25)
N(5)-Cu(23)-CI(24)
N(22)-Cu(23)-O(26)
N(22)-Cu(23)-CI(25)
N(22)-Cu(23)-Cl(24)
0(26)-Cu(23)-CI(25)
0(26)-Cu(23)-Cl(24)
CI(25)-Cu(23)-Cl(24)
H(30)-C(6)-C(1)
H(30)-C(6)-N(5)
C(1)-C(6)-N(5)
H(31)-C(7)-N(22)
H(31)-C(7)-C(4)
N(22)-C(7)-C(4)
Cu(23)-N(5)-C(6)
Cu(23)-N(5)-C(4)
C(6)-N(5)-C(4)
C(7)-C(4)-N(5)
C(7)-C(4)-C(3)
N(5)-C(4)-C(3)
H(29)-C(3)-C(4)
H(29)-C(3)-C(2)
C(4)-C(3)-C(2)
H(28)-C(2)-C(3)
H(28)-C(2)-C(1)
C(3)-C(2)-C(1)
H(27)-C(1)-C(6)
H(27)-C(1)-C(2)
C(6)-C(1)-C(2)

137.394
117.36
105.123
107.896
114.867
107.001
109.084
92.219
88.747
93.475
86.752
172.496
102.892
89.606
166.066
94.54
167.222
90.983
92.912
76.599
83.329
85.904
113.55
123.79
122.64
124.745
124.77
110.377
130.187
110.015
112.849
107.837
126.498
125.646
121.943
120.911
116.866
121.1
121.164
116.618
120.903
119.721
119.217




Table he selected geometric parameters for com{i#gx

Bond lengths (A) Bond angles )

0(26)-H(44) 1.11  H(41)-C(20)-C(21) 120.195
0(26)-H(43) 1.134  H(41)-C(20)-C(19) 119.748
C(21)-H(42) 1.102  C(21)-C(20)-C(19) 120.051
C(20)-H(41) 1.103  H(40)-C(19)-C(20) 120.552
C(19)-H(40) 1.103  H(40)-C(19)-C(18) 120.554
C(18)-H(39) 1.103  C(20)-C(19)-C(18) 118.892
C(17)-H(38) 1.1 H(39)-C(18)-C(19) 119.553
C(15)-H(37) 1.113  H(39)-C(18)-C(17) 120.121
C(15)-H(36) 1.113  C(19)-C(18)-C(17) 120.326
C(15)-H(35) 1.113  H(42)-C(21)-C(16) 120.964
C(13)-H(34) 1.113  H(42)-C(21)-C(20) 116.557
C(13)-H(33) 1.112  C(16)-C(21)-C(20) 122.441
C(13)-H(32) 1.113  H(38)-C(17)-C(18) 115.525
C(7)-H(31) 1.104  H(38)-C(17)-C(16) 122.308
C(6)-H(30) 1.104  C(18)-C(17)-C(16) 122.135
C(3)-H(29) 1.102  C(21)-C(16)-C(17) 116.138
C(2)-H(28) 1.102  C(21)-C(16)-N(11) 119.619
C(1)-H(27) 1.102  C(17)-C(16)-N(11) 124.215
C(16)-C(21) 1.349  H(34)-C(13)-H(33) 104.524
C(20)-C(21) 1.342  H(34)-C(13)-H(32) 109.828
C(19)-C(20) 1.34  H(34)-C(13)-N(12) 110.912
C(18)-C(19) 1.34  H(33)-C(13)-H(32) 107.795
C(17)-C(18) 1.343  H(33)-C(13)-N(12) 113.122
C(16)-C(17) 1.349  H(32)-C(13)-N(12) 110.45
0(10)-Co(23) 0.999  H(37)-C(15)-H(36) 107.21
N(5)-Co(23) 1.884  H(37)-C(15)-H(35) 109.22
N(22)-Co(23) 1.872  H(37)-C(15)-C(14) 110.682
0(26)-Co(23) 1.184  H(36)-C(15)-H(35) 107.602
Co(23)-CI(25) 2.193  H(36)-C(15)-C(14) 111.519
Co(23)-Cl(24) 2.192  H(35)-C(15)-C(14) 110.489
C(7)-N(22) 1.269  C(14)-N(12)-C(13) 114.961
C(8)-N(22) 1.256  C(14)-N(12)-N(11) 114.944
N(11)-C(16) 1.279  C(13)-N(12)-N(11) 129.792
C(8)-C(14) 1.333  C(8)-C(14)-C(15) 125.333
C(14)-C(15) 1501  C(8)-C(14)-N(12) 101.683
N(12)-C(14) 1.279  C(15)-C(14)-N(12) 132.929
N(12)-C(13) 1.484  C(16)-N(11)-N(12) 123.372
N(11)-N(12) 1.368  C(16)-N(11)-C(9) 129.836
C(9)-N(11) 1.281  N(12)-N(11)-C(9) 102.892
C(9)-0(10) 1.252  N(11)-C(9)-O(10) 130.384
C(8)-C(9) 1.345  N(11)-C(9)-C(8) 108.301
C(4)-C(7) 1.341  O(10)-C(9)-C(8) 121.187
C(6)-C(1) 1.345  H(44)-0O(26)-H(43) 62.652
N(5)-C(6) 1.278  H(44)-0(26)-Co(23)  127.099
C(4)-N(5) 1.276  H(43)-0(26)-Co(23)  115.559
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C(3)-C(4)
C(2)-C(3)
C(1)-C(2)

1.345
1.341
1.341

N(22)-C(8)-C(14)
N(22)-C(8)-C(9)
C(14)-C(8)-C(9)
Co(23)-N(22)-C(7)
Co(23)-N(22)-C(8)
C(7)-N(22)-C(8)
C0(23)-0(10)-C(9)
0(10)-Co(23)-N(5)
0(10)-Co(23)-N(22)
0(10)-Co(23)-0(26)
0(10)-Co(23)-CI(25)
0(10)-Co(23)-Cl(24)
N(5)-Co(23)-N(22)
N(5)-Co(23)-0(26)
N(5)-Co(23)-CI(25)
N(5)-Co(23)-CI(24)
N(22)-Co(23)-0(26)
N(22)-Co(23)-Cl(25)
N(22)-Co(23)-Cl(24)
0(26)-Co(23)-CI(25)
0(26)-Co(23)-Cl(24)
CI(25)-Co(23)-Cl(24)
H(30)-C(6)-C(1)
H(30)-C(6)-N(5)
C(1)-C(6)-N(5)
H(31)-C(7)-N(22)
H(31)-C(7)-C(4)
N(22)-C(7)-C(4)
Co(23)-N(5)-C(6)
Co(23)-N(5)-C(4)
C(6)-N(5)-C(4)
C(7)-C(4)-N(5)
C(7)-C(4)-C(3)
N(5)-C(4)-C(3)
H(29)-C(3)-C(4)
H(29)-C(3)-C(2)
C(4)-C(3)-C(2)
H(28)-C(2)-C(3)
H(28)-C(2)-C(1)
C(3)-C(2)-C(1)
H(27)-C(1)-C(6)
H(27)-C(1)-C(2)
C(6)-C(1)-C(2)

142.345
106.659
110.894
113.726
92.8
107.544
109.63
90.111
106.437
109.768
165.29
90.271
80.665
159.757
78.814
92.91
89.748
81.503
161.999
82.175
90.838
80.756
115.184
121.248
123.523
120.346
123.186
116.399
124.58
114.492
114.779
113.973
122.417
123.58
121.637
119.791
118.402
121.225
121.182
116.951
121.082
120.317
118.533




Table Fhe selected geometric parameters for com(3gx

Bond lengths (A)

Bond angles {)

0(26)-H(44) 1.033  H(41)-C(20)-C(21) 120.147
0(26)-H(43) 1.038  H(41)-C(20)-C(19) 119.608
C(21)-H(42) 1.102  C(21)-C(20)-C(19) 120.245
C(20)-H(41) 1.103  H(40)-C(19)-C(20) 120.548
C(19)-H(40) 1.103  H(40)-C(19)-C(18) 120.549
C(18)-H(39) 1.103  C(20)-C(19)-C(18) 118.9
C(17)-H(38) 1.101  H(39)-C(18)-C(19) 119.684
C(15)-H(37) 1.113  H(39)-C(18)-C(17) 120.176
C(15)-H(36) 1.113  C(19)-C(18)-C(17) 120.133
C(15)-H(35) 1.113  H(42)-C(21)-C(16) 121.899
C(13)-H(34) 1.113  H(42)-C(21)-C(20) 115.901
C(13)-H(33) 1.112  C(16)-C(21)-C(20) 122.179
C(13)-H(32) 1.113  H(38)-C(17)-C(18) 116.287
C(7)-H(31) 1.105  H(38)-C(17)-C(16) 121.327
C(6)-H(30) 1.1  C(18)-C(17)-C(16) 122.343
C(3)-H(29) 1.102  C(21)-C(16)-C(17) 116.183
C(2)-H(28) 1.102  C(21)-C(16)-N(11) 122.349
C(1)-H(27) 1.102  C(17)-C(16)-N(11) 121.44
C(16)-C(21) 1.35  H(34)-C(13)-H(33) 107.643
C(20)-C(21) 1.343  H(34)-C(13)-H(32) 110.215
C(19)-C(20) 1.34  H(34)-C(13)-N(12) 110.433
C(18)-C(19) 1.34  H(33)-C(13)-H(32) 104.347
C(17)-C(18) 1.342  H(33)-C(13)-N(12) 113.388
C(16)-C(17) 1.348  H(32)-C(13)-N(12) 110.617
O(10)-Ni(23) 1.815  H(37)-C(15)-H(36) 107.195
N(5)-Ni(23) 1.839  H(37)-C(15)-H(35) 109.332
N(22)-Ni(23) 1.846  H(37)-C(15)-C(14) 110.635
0(26)-Ni(23) 1.836  H(36)-C(15)-H(35) 107.443
Ni(23)-CI(25) 2.152  H(36)-C(15)-C(14) 111.478
Ni(23)-Cl(24) 2.152  H(35)-C(15)-C(14) 110.634
C(7)-N(22) 1.275  C(14)-N(12)-C(13) 115.384
C(8)-N(22) 1.268  C(14)-N(12)-N(11) 114.66
N(11)-C(16) 1.278  C(13)-N(12)-N(11) 129.85
C(8)-C(14) 1.338  C(8)-C(14)-C(15) 123.981
C(14)-C(15) 1.503  C(8)-C(14)-N(12) 103.867
N(12)-C(14) 1.28  C(15)-C(14)-N(12) 132.137
N(12)-C(13) 1.483  C(16)-N(11)-N(12) 127.289
N(11)-N(12) 1.366  C(16)-N(11)-C(9) 128.551
C(9)-N(11) 1.271  N(12)-N(11)-C(9) 101.697
C(9)-0(10) 1.227  N(11)-C(9)-O(10) 131.268
C(8)-C(9) 1.35  N(11)-C(9)-C(8) 112.215
C(4)-C(7) 1.341  O(10)-C(9)-C(8) 115.409
C(6)-C(1) 1.343  H(44)-O(26)-H(43) 168.59
N(5)-C(6) 1.268  H(44)-O(26)-Ni(23) 97.856
C(4)-N(5) 1.268  H(43)-O(26)-Ni(23) 93.34
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C(3)-C(4)
C(2)-C(3)
C(1)-C(2)

1.344
1.341
1.341

N(22)-C(8)-C(14)
N(22)-C(8)-C(9)
C(14)-C(8)-C(9)
Ni(23)-N(22)-C(7)
Ni(23)-N(22)-C(8)
C(7)-N(22)-C(8)
Ni(23)-O(10)-C(9)
0(10)-Ni(23)-N(5)
0(10)-Ni(23)-N(22)
0(10)-Ni(23)-0(26)
0(10)-Ni(23)-CI(25)
O(10)-Ni(23)-Cl(24)
N(5)-Ni(23)-N(22)
N(5)-Ni(23)-0(26)
N(5)-Ni(23)-CI(25)
N(5)-Ni(23)-Cl(24)
N(22)-Ni(23)-0(26)
N(22)-Ni(23)-CI(25)
N(22)-Ni(23)-CI(24)
0(26)-Ni(23)-CI(25)
0(26)-Ni(23)-Cl(24)
CI(25)-Ni(23)-CI(24)
H(30)-C(6)-C(1)
H(30)-C(6)-N(5)
C(1)-C(6)-N(5)
H(31)-C(7)-N(22)
H(31)-C(7)-C(4)
N(22)-C(7)-C(4)
Ni(23)-N(5)-C(6)
Ni(23)-N(5)-C(4)
C(6)-N(5)-C(4)
C(7)-C(4)-N(5)
C(7)-C(4)-C(3)
N(5)-C(4)-C(3)
H(29)-C(3)-C(4)
H(29)-C(3)-C(2)
C(4)-C(3)-C(2)
H(28)-C(2)-C(3)
H(28)-C(2)-C(1)
C(3)-C(2)-C(1)
H(27)-C(1)-C(6)
H(27)-C(1)-C(2)
C(6)-C(1)-C(2)

136.337
116.288
107.215
109.939
105.403
105.896
109.625
97.645
83.647
82.064
169.51
89.009
82.86
172.083
91.56
103.683
89.251
92.563
170.795
88.124
84.23
93.709
118.693
117.613
123.629
120.102
121.637
117.492
121.721
111.094
118.128
112.302
124.421
123.265
121.324
120.17
118.485
121.011
120.962
118.001
120.969
120.834
118.197
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Table 10he selected geometric parameters for com@ex

Bond lengths (&) Bond angles Q)

0(26)-H(44) 1.046  H(41)-C(20)-C(21) 120.142
0(26)-H(43) 1.05  H(41)-C(20)-C(19) 119.612
C(21)-H(42) 1.102  C(21)-C(20)-C(19) 120.247
C(20)-H(41) 1.103  H(40)-C(19)-C(20) 120.553
C(19)-H(40) 1.103  H(40)-C(19)-C(18) 120.548
C(18)-H(39) 1.103  C(20)-C(19)-C(18) 118.895
C(17)-H(38) 1.1 H(39)-C(18)-C(19) 119.687
C(15)-H(37) 1.113  H(39)-C(18)-C(17) 120.173
C(15)-H(36) 1.113  C(19)-C(18)-C(17) 120.132
C(15)-H(35) 1.113  H(42)-C(21)-C(16) 121.905
C(13)-H(34) 1.113  H(42)-C(21)-C(20) 115.89
C(13)-H(33) 1.112  C(16)-C(21)-C(20) 122.185
C(13)-H(32) 1.113  H(38)-C(17)-C(18) 116.281
C(7)-H(31) 1.107  H(38)-C(17)-C(16) 121.325
C(6)-H(30) 1.106  C(18)-C(17)-C(16) 122.351
C(3)-H(29) 1.102  C(21)-C(16)-C(17) 116.171
C(2)-H(28) 1.102  C(21)-C(16)-N(11) 122.387
C(1)-H(27) 1.102  C(17)-C(16)-N(11) 121.413
C(16)-C(21) 1.35  H(34)-C(13)-H(33) 107.656
C(20)-C(21) 1.343  H(34)-C(13)-H(32) 110.215
C(19)-C(20) 1.34  H(34)-C(13)-N(12) 110.439
C(18)-C(19) 1.34  H(33)-C(13)-H(32) 104.349
C(17)-C(18) 1.342  H(33)-C(13)-N(12) 113.358
C(16)-C(17) 1.348  H(32)-C(13)-N(12) 110.623
0(10)-Mn(23) 1.835  H(37)-C(15)-H(36) 107.214
N(5)-Mn(23) 1.86  H(37)-C(15)-H(35) 109.34
N(22)-Mn(23) 1.864  H(37)-C(15)-C(14) 110.624
0(26)-Mn(23) 1.864  H(36)-C(15)-H(35) 107.43
Mn(23)-CI(25) 2.17  H(36)-C(15)-C(14) 111.477
Mn(23)-CI(24) 2.17  H(35)-C(15)-C(14) 110.633
C(7)-N(22) 1.275  C(14)-N(12)-C(13) 115.347
C(8)-N(22) 1.268  C(14)-N(12)-N(11) 114.666
N(11)-C(16) 1.278  C(13)-N(12)-N(11) 129.869
C(8)-C(14) 1.338  C(8)-C(14)-C(15) 123.984
C(14)-C(15) 1.503  C(8)-C(14)-N(12) 103.826
N(12)-C(14) 1.28  C(15)-C(14)-N(12) 132.177
N(12)-C(13) 1.483  C(16)-N(11)-N(12) 127.281
N(11)-N(12) 1.366  C(16)-N(11)-C(9) 128.602
C(9)-N(11) 1.271  N(12)-N(11)-C(9) 101.741
C(9)-0(10) 1.228  N(11)-C(9)-O(10) 131.306
C(8)-C(9) 1.35  N(11)-C(9)-C(8) 112.114
C(4)-C(7) 1.343  0O(10)-C(9)-C(8) 115.489
C(6)-C(1) 1.345  H(44)-0(26)-H(43) 160.469
N(5)-C(6) 1.273  H(44)-0(26)-Mn(23)  102.292
C(4)-N(5) 1.27  H(43)-0O(26)-Mn(23) 97.223
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C(3)-C(4)
C(2)-C(3)
C(1)-C(2)

1.344
1.341
1.341

N(22)-C(8)-C(14)
N(22)-C(8)-C(9)
C(14)-C(8)-C(9)
Mn(23)-N(22)-C(7)
Mn(23)-N(22)-C(8)
C(7)-N(22)-C(8)
Mn(23)-0(10)-C(9)
0(10)-Mn(23)-N(5)
0(10)-Mn(23)-N(22)
0(10)-Mn(23)-0(26)
0(10)-Mn(23)-CI(25)
0(10)-Mn(23)-Cl(24)
N(5)-Mn(23)-N(22)
N(5)-Mn(23)-0(26)
N(5)-Mn(23)-CI(25)
N(5)-Mn(23)-CI(24)
N(22)-Mn(23)-O(26)
N(22)-Mn(23)-CI(25)
N(22)-Mn(23)-CI(24)
0(26)-Mn(23)-CI(25)
0(26)-Mn(23)-Cl(24)
CI(25)-Mn(23)-Cl(24)
H(30)-C(6)-C(1)
H(30)-C(6)-N(5)
C(1)-C(6)-N(5)
H(31)-C(7)-N(22)
H(31)-C(7)-C(4)
N(22)-C(7)-C(4)
Mn(23)-N(5)-C(6)
Mn(23)-N(5)-C(4)
C(6)-N(5)-C(4)
C(7)-C(4)-N(5)
C(7)-C(4)-C(3)
N(5)-C(4)-C(3)
H(29)-C(3)-C(4)
H(29)-C(3)-C(2)
C(4)-C(3)-C(2)
H(28)-C(2)-C(3)
H(28)-C(2)-C(1)
C(3)-C(2)-C(2)
H(27)-C(1)-C(6)
H(27)-C(1)-C(2)
C(6)-C(1)-C(2)

136.446
116.108
107.296
108.889
105.594
106.896
109.621
100.851

82.526

80.339
165.716

88.481

82.853
174.622

91.929
101.531

92.135

92.868
170.625

86.356

83.712

95.244
115.781
120.776
123.309
120.033
121.504

117.68
123.173
108.843
118.121
113.239
123.364
123.385
121.391
119.998
118.602
121.078
121.053
117.866
120.942
120.436
118.616
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Table 11.The selected geometric parameters for com(@ex

Bond lengths (&) Bond angles Q)

C(21)-H(41) 1.1  H(40)-C(20)-C(21) 120.129
C(20)-H(40) 1.103  H(40)-C(20)-C(19) 119.524
C(19)-H(39) 1.103  C(21)-C(20)-C(19) 120.347
C(18)-H(38) 1.103  H(39)-C(19)-C(20) 120.57
C(17)-H(37) 1.102  H(39)-C(19)-C(18) 120.548
C(15)-H(36) 1.11  C(20)-C(19)-C(18) 118.879
C(15)-H(35) 1.113  H(38)-C(18)-C(19) 119.754
C(15)-H(34) 1.113  H(38)-C(18)-C(17) 120.199
C(13)-H(33) 1.114 C(19)-C(18)-C(17) 120.041
C(13)-H(32) 1.112  H(41)-C(21)-C(16) 122.23
C(13)-H(31) 1.113  H(41)-C(21)-C(20) 115.613
C(7)-H(30) 1.114 C(16)-C(21)-C(20) 122.132
C(6)-H(29) 1.102  H(37)-C(17)-C(18) 116.489
C(5)-H(28) 1.097  H(37)-C(17)-C(16) 121.004
C(2)-H(27) 1.103  C(18)-C(17)-C(16) 122.472
C(1)-H(26) 1.102  C(21)-C(16)-C(17) 116.107
C(16)-C(21) 1.349 C(21)-C(16)-N(11) 124.28
C(20)-C(21) 1.343 C(17)-C(16)-N(11) 119.576
C(19)-C(20) 1.34  H(33)-C(13)-H(32) 108.198
C(18)-C(19) 1.34  H(33)-C(13)-H(31) 109.695
C(17)-C(18) 1.342  H(33)-C(13)-N(12) 110.546
C(16)-C(17) 1.35 H(32)-C(13)-H(31) 104.156
C(5)-C(4) 1.348  H(32)-C(13)-N(12) 113.045
N(3)-C(4) 1.273  H(31)-C(13)-N(12) 110.973
C(2)-N(3) 1.265 C(16)-N(11)-N(12) 124.112
C(1)-C(2) 1.34  C(16)-N(11)-C(9) 130.771
C(6)-C(1) 1.339  N(12)-N(11)-C(9) 101.542
C(5)-C(6) 1.342  Cd(23)-0(10)-C(9) 108.984
N(22)-Cd(23) 2.173  H(36)-C(15)-H(35) 106.615
0(10)-Cd(23) 2.132  H(36)-C(15)-H(34) 106.672
Cd(23)-CI(25) 2.475 H(36)-C(15)-C(14) 113.433
Cd(23)-Cl(24) 2.475 H(35)-C(15)-H(34) 109.096
C(7)-N(22) 1.277  H(35)-C(15)-C(14) 110.44
C(8)-N(22) 1.287  H(34)-C(15)-C(14) 110.397
N(11)-C(16) 1.279  C(14)-N(12)-C(13) 115.812
C(8)-C(14) 1.346  C(14)-N(12)-N(11) 114.333
C(14)-C(15) 1.508 C(13)-N(12)-N(11) 129.529
N(12)-C(14) 1.277 C(8)-C(14)-C(15) 125.214
N(12)-C(13) 1.485 C(8)-C(14)-N(12) 105.37
N(11)-N(12) 1.363 C(15)-C(14)-N(12) 129.387
C(9)-N(11) 1.273  N(11)-C(9)-O(10) 128.704
C(9)-0(10) 1.229  N(11)-C(9)-C(8) 112.058
C(8)-C(9) 1.379  O(10)-C(9)-C(8) 119.139
C(4)-C(7) 1.354  N(22)-Cd(23)-O(10) 81.077

N(22)-Cd(23)-CI(25) 114.51
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N(22)-Cd(23)-Cl(24)
O(10)-Cd(23)-Cl(25)
O(10)-Cd(23)-Cl(24)
Cl(25)-Cd(23)-Cl(24)
N(22)-C(8)-C(14)
N(22)-C(8)-C(9)
C(14)-C(8)-C(9)
Cd(23)-N(22)-C(7)
Cd(23)-N(22)-C(8)
C(7)-N(22)-C(8)
H(29)-C(6)-C(1)
H(29)-C(6)-C(5)
C(1)-C(6)-C(5)
H(30)-C(7)-N(22)
H(30)-C(7)-C(4)
N(22)-C(7)-C(4)
H(28)-C(5)-C(4)
H(28)-C(5)-C(6)
C(4)-C(5)-C(6)
C(5)-C(4)-N(3)
C(5)-C(4)-C(7)
N(3)-C(4)-C(7)
C(4)-N(3)-C(2)
H(27)-C(2)-N(3)
H(27)-C(2)-C(1)
N(3)-C(2)-C(1)
H(26)-C(1)-C(2)
H(26)-C(1)-C(6)
C(2)-C(1)-C(6)

114.722
114.652
114.729

113.42
125.434
129.522
104.885
111.139

100.52
113.764
120.651
121.121
118.228
109.727
114.115
136.158

122.7

116.315
120.985
118.937
125.505
115.557
121.051
116.261
119.817
123.922
121.597
121.526
116.877
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Table 12.The calculated quantum chemical parameters for PlsiizPits complexes

Ccmpoun(* EHOMO ELUMO AE X n (o) Pi S O] AN
(ev) (ev) (eV) (ev) (eV) (ev)’ (eV) (ev)’ (eV) e
PMDP -7.18¢  -1.78¢ 5.40C 4.48t 2.70( 0.37( -4.48¢ 0.18¢ 3.73( 1.66:
(1) -3.27 -2.335 0.935 2803 0.468 2.139 -2.803 1.070 408 5.995
(2) -4.01:  -3.34¢ 0.66¢ 3.681 0.33: 3.012 -3.681 1.50¢ 20.40¢ 11.08:
3) -7.52¢ -6.12° 1.40t 6.82¢ 0.70¢ 1.42¢ -6.82¢ 0.71: 33.15¢ 9.71¢
4) -7.97¢ -7.90¢ 0.07C 7.941 0.03¢ 28.57: -7.941 14.28¢ 900.85( 226.88t
(5) -6.287 -3.32¢ 2.95¢ 4.80¢ 1.47¢ 0.67¢ -4.80¢ 0.33¢ 7.81t 3.25]
"Numbers as given in Table 1
Table 13 IR spectra data (ch) of PMDP and its metal complexes
Compounf v(C=0) v(C=N) Pyridine (-C stretching vibratior v(M-O) v(M-N) C=C  vCH;CH;,
PMDP 1644 1562 1490 1465 1416 620 437 - - 9015 3082,3032,2922
1 1609 1529 1492 1460 1426 627 440 528 416 6021 3082,3032,2922
2 1619 1539 1492 1458 1427 637 445 519 410 95153030,2924,2854
3 1614 1540 1493 1464 1445 632 432 520 412 09163087,3056,3022,2921
4 1610 1520 1493 1466 1442 630 432 535 430 08163022,2924
5 1606 1524 1496 1466 1424 620 530 420 1605 5,2035

Numbers as given in Table 1
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Table 14.Band shift and coordination bond-length Schiffdsasetal complexes

Metal ion* C=0 C=N
Av logAv r(A) Av logAv r(A)
1) 35 1.5441 2.53 33 1.5185 2.643
(2) 25 1.3979 2,57 22 1.3424 3.083
3) 30 1.4770 2.66 23 1.3617 2.994

Numbers as given in Table 1
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Table 15.Thermal analysis data of PMDP and its metal congsdex

Compound® | TG range Mass loss Total mass loss Exp. Assignment Residue
(°C) Exp. (Calcd.) % (Calcd.) %
PMDP 40-475 64.48 ( 64.04) 100 1{811:N-0

475-800 35.52 ( 35.96) (100) ol@sN2 -

(1) 130-206 4.16 (4.05) 10
206-342 16.62 (15.97) 82.23 Ll CuO
342-638 61.45 (62.09) (82.80) 1/B16N4

2 160-288 3.96 (4.09) 10
288-335 16.34 (16.14) 82.91 Ll CoO
335-639 62.61 (62.74) (82.97) 1/816N4

(3) 126-295 3.56 (4.09) 10
295-422 33.45 (33.66) 83.40 AICHs NiO
422-540 46.39 (45.26) (83.01) 118111N4

4) 220-450 32.65 (32.35) D+ Ch+ CiH4
450-627 23.50 (24.32) 83.16 sldsN2 MnO
627-800 27.01 (27.07) (83.74) 7M6N2

(5) 285-460 38.98 (39.54) 72.89 7MENLCl, CdO
460-650 33.91 (33.45) (73.08) 188111N2

Numbers as given in Table 1

42



Table 16.Thermodynamic data of PMDP and its metal complexes

Temp. Parametel Correlation
Compound® ragl 9€ | Method = A AS* AH* AG* coefficient
(<) (kd mol™) (s @mol* K% | (kImol™) | (kJ mol™) ")
PMDF 20C-47¢< CR 70.6 2.91E+: -0.185 65.t 178 0.9949:.
HM 90.1 2.47E+! -0.148 85 175 0.9651.:
492-69C CR 10t 6.87E+! -0.18C 98 254 0.9928!¢
HM 11¢ 5.01E+¢ -0.1¢4 11z 254 0.9817-
D) 195-46C CR 39.0 5.63E+¢ -0.213 39.C 184 0.9967.
HM 38.€ 4.9CE+01 -0.338 33.¢ 176 0.9224:
474-652 CR 14C 1.54E+6 -0.13¢ 13z 246 0.9778:
HM 157 2.76E+7 -0.111 15C 243 0.9666
2 40-28¢ CR 13.2 3.54E+0: -0.27¢ 9.5¢ 13C 0.9969¢
HM 16.9 8.21E+01 -0.25C 17.8 127 0.9934!
28€-361 CR 14.4 6.26E+02 -0.274 7.41 171 0.998:
HM 19.9 6.13E+02 -0.274 14.9 179 0.998:
3) 40-29¢ CR 31.4 5.54E+0: -0.2%4 27.1 131 0.9982:
HM 39.2 1.79E+0: -0.2(5 35.t 126 0.9747:
29t-44z2 CR 117 3.11E+05 -0.14¢ 93.( 187 0.9814¢
HM 12¢ 1.25E+C5 -0.101 11¢ 183 0.948¢
4) 220-50C CR 10€ 4.44E+0! -0.14:< 101 192 0.9886!
HM 114 1.56E+07 -0.113 10¢ 181 0.9955;
500-625 CR 195 2.84E+09 -0.101 188 249 0.9886!
HM 211 8.44E+1( -0.09¢ 204 241 0.9850¢
5 295-50C CR 13C 4.31E+C7 -0.10¢ 124 195 0.9770
HM 142 1.42E+C5 -0.08: 13€ 191 0.9583
50C-67C CR 184 3.13E+0! -0.091] 17¢ 255 0.9935(
HM 200 8.23E+09 -0.081 193 248 | 0.9880¢
Numbers as given in Table 1
Table 17.ESR Spin Hamiltonian parameters of complEx
Qi g Gav. G o | Aix10* f p° 2
231 | 206 | 2143 533 0.599 169.7 136 1.09 0.819
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Table 18. Effect of concentrations of PDMP on the free csioa potential

(Ecorr), corrosion current densitycg), Tafel slopes {.&Bc), degree of surface

coverage ) and inhibition efficiency (% IE) for mild steeh i2M HCI at 25 %1

°C.
Concentration ~Ecor, icorr pa, Bc, i
(M) QC\I/E(;/ ° | pacm? | mvdec | mv dec ’ * I
Blank 488 5.89 82 125 e

1 x 10° 474 1.77 41 67 0.6994 | 69.94
3 x 10° 470 1.68 36 47 0.7147 | 71.47
5 x 10° 490 1.65 66 95 0.7198 | 71.98
7 x 10° 482 1.53 83 98 0.7402 | 74.02
9 x 10° 488 1.49 84 103 0.7470 | 74.70
11 x 10° 471 1.37 99 119 0.7674 | 76.74
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Table 19.Electrochemical kinetic parameters obtained frd® teéchnique for the corro-
sion of mild steel in 2 M HCI in the absence andspnce of various concentrations of
PDMP at 25 +IC.

Concentration Re Y. x 10° R Cu.
(M) Q cnf pQ™t g : Qecenf | pFem? 0 | %IE
Blank 1.569 353 879 403 | 69.70 | _____

1% 10° 1.273 342 888 51.3 | 19.69 | 0.214| 51 4
3 x 10° 1.570 220 898 55.9 | 17.40 | 0.279| 27 g
5y 10° 1.499 303 897 50.8 | 16.74 | 0.326| 326
7% 10° 1.813 397 852 61.0 | 16.60 | 0.339| 339
9x 10° 2.209 259 886 85.8 | 11.74 | 0.530| 53
11 x 10° 2.449 109 869 | 267.7 | 37.80 | 84.9 |gag
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Table 20.Electrochemical kinetic parameters obtained by E&bhnique for the
corrosion of mild steel in 2 M HCI in the absencel gresence of various con-
centrations of PDMP at 25 £C.

Con.centra- I 5 Ba,
tion " A2 | my dec? drggl CF-2 | CF-3 0 %IE
M

B(Iar)lk 907 122 163 | 1.99 | 3.02 - -
1 x 10° 233 39 40 201 | 294 | 0743 | 743
3x 10° 180 52 54 1.98 | 2.97 | 0.801 | 80.1
5 x 10° 174 49 52 1.90 | 2.88 | 0.808 | 80.8
7 x 10° 169 47 49 204 | 3.06 | 0.813 | 813
9 x 10° 113 46 51 1.99 | 2.98 | 0.875 | 87.5
11 x 10° 53 76 78 202 | 3.00 | 0941 | 94.1
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Table 21.Antibacterial activity data of PMDP and its metahgplexes. The results were

recorded as the average diameter of inhibition Zoma) + standard deviation.

Gram positive bactet

Gram negative bacte

Compound® | Conc. | Bacillus | Saphylococcus | Enterococcus | Escherichia Klebsiella Pseudomonas
(ug/mL) | cereus aureus faecalis coli pneumoniae aeruginosa
PMDF 50 -ve -ve -ve -ve -ve -ve
100 -ve -ve -ve -ve -ve -ve
150 -ve -ve -ve 1 -ve -ve
@ 50 -ve -ve -ve -ve -ve -ve
100 -ve -ve -ve -ve -ve -ve
150 -ve -ve -ve -ve -ve -ve
2 50 -ve -ve -ve -Vve -ve 0.€
100 -ve -ve -ve -ve -ve 0.8
150 -ve -ve -ve -ve -ve 1
3 50 -ve -ve -ve -ve -ve 0.93+ 0.067
100 -ve -ve -ve -ve -ve 1*
150 -ve -ve -ve -ve -ve 1.4*
4 50 -ve -ve -ve -ve -ve -ve
100 -ve -ve -ve -ve -ve -ve
150 -ve -ve -ve -ve -ve 0.4
5) 50 -ve -Ve -ve -ve -ve 0.5+0.05
100 -ve -ve -ve -ve -ve 0.4
150 -ve -ve -ve -ve -ve 0.4
Penicillin 50 1+0.1¢ 2+C 1.46 £ 0.0: 1+C -ve 0.87 £0.03
100 3+0.2¢ 2+0.1¢ 1.86 +0.0: 3+C -ve 1.06 +0.03
150 3+0.1« 2+C 2.2+ ( 3+C -ve 1.4 £ 0.05

Numbers as given in Table 1

* Indicate significant different value from that pénicillin.
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Table 22. Antifungal activity data of PMDP and its metal cdexes.The results were
recorded as the average diameter of inhibition Zome) + standard deviation.

CompleX Aspergillus | Fusarium Candida
conc. niger oxysporum | albicans
(ng/mL)
PMDP 50 -ve -ve -ve
100 -ve -ve -ve
150 -ve -ve -ve
(1) 50 -ve -ve -ve
100 -ve -ve -ve
150 -ve -ve -ve
(2) 50 -ve -ve -ve
100 -ve -ve -ve
150 -ve -ve -ve
3) 50 -ve -ve -ve
100 -ve -ve -ve
150 -ve -ve -ve
4) 50 -ve -ve -ve
100 -ve -ve -ve
150 -ve -ve -ve
5) 50 -ve -ve -ve
100 -ve -ve -ve
150 -ve -ve -ve
Miconazole 50 1+0 20 110
100 3+0.14 3%0 1.3+0
150 4+0 30 1.7 +£0.058

*Numbers as given in Table 1.

* Indicate significant different value from that wficonazole.
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Scheme 1 Fragmentation patterns of PMDP.
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Scheme 3 Fragmentation patterns of Co(ll) complj.
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Fig. 1. The structure of Schiff base ligand (PMDP).

Q\‘%Q

M= Cu(ll) (1), Co(ll) () , Ni(l1) (3), Mn(ll) (4)

()

Fig. 2. Structure of the metal complexdsyg).

53



Intensity (Arb. Units)

Intensity (Arb. Units)

4000

1
w

3500

3000
2500
2000
1500 7

1000

5004 1
8910
RN
0_

300

2 (b)

2504 1
11

12
200 3

9o

150

3
100 — 19 lyal f17 19

820 2223
1 24

54



Intensity (Arb. Units)

5000

C
, ©
4000
3000
2000
1000
] 57
JJW
0 -
T T T T T T T T T T T T T
10 20 30 40 50 60 70 80
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ACCEPTED MANUSCRIPT

3hb5

(b)
Fig. 4. The start (green in (a) and gray in (b)) in int&en with receptors of breast can-
cer mutant 3hb5-oxidoreductase and prostate cana&nt 2g7k-hormone. (For inter-

pretation of the references to color in this figlagend, the reader is referred to the web

version of this article).
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Fig. 5. The Schiff base ligand (PMDP) (green in (a) aralygn (b)) in interaction with
receptors of breast cancer mutant 3hb5-oxidorede@ad prostate cancer mutant 2q7k-
hormone. (For interpretation of the referencesaiorcin this figure legend, the reader is

referred to the web version of this article).
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Fig. 8. 2D plot of interaction between start and recepfa) breast cancer mutant 3hb5-

oxidoreductase and (b) prostate cancer mutant Aqrkone.
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Fig. 10.Optimized structures of Schiff base ligand (PMRRY its complexesl(s).
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Fig. 11.The highest occupied molecular orbital (HOMO) &émellowest unoccupied
molecular orbital (LUMO) 8thiff base ligand (PMDP) and its complexes

(1-5).
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A series of M(Il) complexes of Schiff base were prepared and characterized
Molecular docking was used to predict the binding between Schiff base
ligand and the receptors

ESR calculations support the characterization of the structure of the
complex geometry

The molar conductivities show that all the complexes are non-electrolytes



