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Abstract
Novel series of C3, Ni**, Cif*, Mn** and Fé&'complexes derived from 4,4-dimethyl-2,6-dioxo-N-
phenylcyclohexanecarbothioamide (HDDPT) were preghaand characterized by conventional
techniques. The complexes have adopted the foen{ldn(DDPT)CI( H,O)3].3H.0, [Ni(DDPT-
H)(H,O)(OH)], [Cu (HDDPT) Ci(H:0),].2H,O, [Co(HDDPT)CIl;] and [Fe (DDPT)CG] ,
respectively. Spectral data revealed that HDDPTrdinates as OS donor in a neutral or
mononegative manner. Electronic and magnetic measnts suggested a square planar geometry
for Ni** complex and an octahedral one for the other caxepleX-ray powder diffraction data
suggested monoclinic and orthorhombic structuresF&8* and Nf‘complexes, respectively. DFT
method was utilized to prove the geometry and atalthe bond lengths, bond angles as well as
different energetic parameters. The thermal stgbdf the compounds was examined and the
corresponding thermodynamic parameters were detetmusing Coats-Redfern and Horowitz-
Metzger methods. Also, the corrosion hindranceasbon steel (CS) in 0.5M HCI by HDDPT was
carried out using potentiodynamic polarization (PReasurement. The data proved the
thiosemicarbazide to be a powerful inhibitor and ilemonstrated that the protection efficiency and
surface converge€( increase with increasing the inhibitor concemdratand decrease with
increasing temperature. Finally, the adsorptionc@dore obeys Langmuir's adsorption isotherm.

Moreover, all compounds were screened againstrthetly of four pathogenic bacterial strains.

Keywords: OS bidentate, thermodynamic patarsgorthorhombic, corrosion of carbon steel.
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1. Introduction

Over decades, thiosemicarbazides are proved to dbentpintermediates for the synthesis of
numerous pharmaceutical and bioactive materialstam] they are utilized extensively in medicinal
chemistry. The diversity of heterocycles generdteth thiosemicarbazides is associated primarily
with the fact that these compounds can exhibit @rigs of N(1)-; N(2)-; N(1);N(4)-; N(2);N(4)-;



N(1);S-, N(2);S- and N(4),S-nucleophiles [1].Alsthiosemicarbazides have been extensively
utilized commercially as dyes, photographic filmpkstic and in textile industry[2]. Transition meta
complexes derived from thiosemicarbazides becomesabfiable importance in industry and
biology[3].Such metal complexes have revealed alshothe role played by sulfur coordination in
these compounds and consequently their “soft by-sait base” preference is [4].The real impetus
toward developing the coordination chemistry ofsth@otential ligands was probably provided by
the remarkable antitumor [5], antiviral [6], andiaralarial [7,8] activity observed for some of tkes
derivatives, which has since been shown to be eelab their metal-complexing ability [9].
Obviously, the molecular features essential forhsactivities must be ascertained by designing
synthetic routes to modify, replace, or substitiie derived thiosemicarbazide. Thus, as part of a
research programme aimed at the synthesis of camdgowith antibacterial, antioxidant and
antitumor properties,[10-14] we prepared and atarzed new CO, Ni**, C/*, Mn** and
Fe**complexes of 4,4-dimethyl-2,6-dioxo-N-phenylcyclahaecarbothioamide (HDDPT).The word
extended to include the test of the inhibition powé the thiosemicarbazide towards corrosion
hindrance of carbon steel in 0.5M HCI as well s dntibacterial activity of all title compounds.

2. Experimental

2.1. Materials

All reagents used were purchased from Fluka, AtdBoggma companies. For corrosion study,
pipeline carbon steel (CS) according to the AmeriPatroleum Institute (API) grade N80 (weight
%; C=0.23, Mn=1.35, Cr=0.05, M0=0.01, Si=0.22, @40, S=0.01, Ni=0.02 & Fe=98.093) was
utilized for corrosion study.

2.2. Instrumentation

Thermo-Nicolet 1S10 FTIR spectrometer was usedIfrspectral measurements (as KBr disc).
Unicam UV-VIS UV2 spectrometer was used to meatheeslectronic spectraH-NMR spectra in
ds-DMSO was recorded on a Varian Gemini WM-200 MHz2&mmeter. XRD patterns were
recorded using Bruker aXS-D8 Advance Cu-Kiffractometer (wavelengthh = 1.504 A).
Thermogravimetric analysis performed using an aatamrecording Thermo balance, type 951
DuPont; heating rate of 10 °C/min (25-800 °C) in Mass spectrum recorded on Varian Mat 311.
Molar conductance (Idmol/l in DMF) was measured on a Tacussel condugtibiidge model
CD6NG. The C, H, N and S contents, were determusag a Perkin-Elmer 2400 series Il analyzer

while M and CI contents were determines accordingtdandard method [15].



2.3 Preparation of HDDPT

0.7 g of 5,5-dimethyl 1,3-cyclohexandione (5mmaeére added to 0.6 ml of phenylisothiocyanate
(5mmol) in presence of 0.28g solid KOH (5 mmol d&tb ml DMF. The reaction mixture was
heated under reflux with stirring overnight. Thepuped in ice, two drops of concentrated
hydrochloric acid were added and the pale yelboecipitate that formed was filtered off, washed
several times with cold water and allowed to dryimacuum desiccator over anhydrousGaChe
product was tested by TLC, IR ariNMR and the yield was %80 (0.277 g); m.p.-430
2.4. Preparation of metal complexes

The metal chloride (1.0 mmol) in ethanol was adtteéthanolic solution of HDDPT (0.2751 g,1
mmol) and heated under reflux for 2-3 h and thecipitates formed were filtered, washed with
ethanol, diethyl ether and finally dried in a vaoudesiccator over anhydrousCa@hdchecked by
TLC, partial elemental analysis (C, H, N and S)vasl as spectral tools (IR, UV-Vis.,). The
analytical data are listed in table 1 and the cemgd are stable in air, soluble in
dimethylformamide (DMF) and dimethyl sulfoxide (DX and non-electrolytes (1-18 oHnent
mol™) [16]. Many trials were performed to isolate agsincrystal but failed.
2.5. Corrosion study

2.5.1. Solutions
1 M solution of HCI (analytical Grade, 37%) wasared by diluting it with bidistilled water in

1:2 acid to water ratio. A series of solutionsha# tnhibitor, namely HDDPT were prepared.

2.5.2. Corrosion measurements
The corrosion inhibition of CS in 1 M HCI in abserand presence of different doses of HDDPT has

been investigated using potentiodynamic polariraieP) measurement.

2.6. Antibacterial activity

The antibacterial activity of 200 mg/ml of HDDPTdaits corresponding metal complexes in DMSO
were carried out again§treptococcus pyogenes ATCC 19615 and Bacillus ATCC 6051 (Becton
Dickinson and Company. Becton Dickinson Company,AUJ%s Gram-positive bacteria and
Klebsiella spp. 155095A (Carolina trademark, USA ) anétscherichia Coli ATCC11775 as Gram-
negative bacteria by agar well diffusion method ][Iffle positive control was ampicillin,
ciprofloxacin and gentamicin drugs and DMSO was tiegative one. The experiments were
triplicate and the inhibition zone diameter was sugad.



2.7. Molecular modeling

DMOL3 module calculations were used to examinedhster estimations [18] and double numerical

basis sets plus polarization functional (DNP) impated in Materials Studio bundle [19]. It is

designed for the realization of large scale denfihctional theory (DFT) calculations [20-23]. The
geometric optimization is performed without any syetry restriction.

3. Results and discussion

3.1. IR spectra

The most important IR bands of the ligand HDDPT and its metal complexes are listed in Table

2.The spectrum of the ligand shows strong bandk7a6 and 1661cthassignable to stretching

vibrations of hydrogen bonded and free carbonyligso(Structure 1a) as revealed by a band at 3447

cm® (v(OH)) and weak bands in the region 1800-1900"cin complexes the (C=0) suffers

weakness and shift to lower wavenumber suggesting,of carbonyl groups converts to C-OH as
supported by the new band 3447-3474d@¥] being not involved in chelation while the othe
participates in coordination. The bands due toamiale I-1V vibrations observed at 1502, 1330 and

914 cmi" which have substantial contributions frorfC-N), §(C-H) and& (N-H) and vibrations

[25].The band assigned to (NH) mode appeared at 3250 tmThe stretching and bending

vibrations ¢/ 8) of C=S group are observed as strong bands at 48@7785 cri, respectively

[26].The possibility of thione/thiol tautomerism tihe solid state (Structure 1)is obscure as theye a

no bands characteristic for(SH) mode. On comparing the spectrum of and itlhemplexes

indicated that coordinates as OS neutral or monolshglate. Firstly, as neutral as in [Cu (HDDPT)

Cl).4H,O and [Co (HDDPTXI;] (Structure 2a, 2cyjia free (C=0O)and C=S groups which

confirmed by the shift of their bands to lower wawmber. Secondly, HDDPT binds as

monnegative bidentate in [Mn(DDPT)CI¢E8);].3H.0, [Fe (HDDPT) (DDPT)C]] and [Ni(DDPT -

H)(H20).]Jcomplexes in thiol-enol form (Structures 2b, 2dlde) through C-S and the free C=0

group as indicated by:

(i) The disappearance of bands dua/té( C=S) vibrations with simultaneous appearancees n
bands at 1551 and 623 ¢nassignable to new (C=N)*, resulting due to thialian of (C=S)
followed by deprotonation [27].

(i) Shift of the band assigned to free (C=0) to lowaew@number while the other one is converted
into C-OH and does not participate in coordinata@nevidenced by the existence of the broad
band at 3447 cth[27], respectively (Structure 2).



(iii) The new bands at 524-504 ¢rwere observed and assignedl-O) vibration [27].
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Structure 1:4,4-dimethyl-2,6-dioxo-N-phenylcyclobercarbothioamide (HDDPT).
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Structure 2:(a) [Co (HDDPEIL], (b) [Ni(DDPT)(OH)(H:0)],(C) [Cu (HDDPT) Ci(H20),].2H,0,
(d) [Mn(DDPT)CI( bD)s].3H,0 and (e) [Fe (HDDPT) (DDPT)T!



3.2. *H,3C- NMR, spectra

The'H NMR spectrum of the ligand displayed ind6-DMS@g(R.a) exhibits no signal in the region
8.00-11.00 ppm attributed to NH proton but instéad new signals aé: 13.79 and 16.70 ppm
appeared that may be referred to OH and SH pratemdting from rearrangement (Structure 1c)
that disappeared upon adding@confirming the possibility of thiol- enol form igolution. The
signals attributable to phenyl protons appear asrnwiltiplets at: 7.28-7.31 & 7.40-7.46 ppm. The
peaks at 3.36 ppm (dd, J=7, 4H) and 1.01 ppm aedalthe protons of two equivalent ggroups
(C2-C6) and 2CHl protons. ThEC NMR spectrum of the ligand in d6-DMSO (Fig.1byeals
signals ab: 198.00, 188.30 and 137.30 ppm assignable to C&3Q and (C-S), respectively [28].
The phenyl carbons appear as two multiplets: 429.01-127.21 & 125.89-122.90 ppm. Moreover,
the peaks for (C16-C17) and (C17-C18) appear afiptatlat 39.50 while that attributed to two C-C
of unequivalent Cklgroups appeared at 27.80 &27.30 ppm.

3.3. UV-visible spectra

The electronic absorption spectra were diggl in DMF and the data are represented in table 3
The bands that observed at 35530-32580.08 and 28870n the spectrum of HDDPT are due to
(=—=w*) and n— m*transitions [29] that suffer a noticeable greatmfgge upon complexation and
appeared at 32980-30629 and 29841-26089 amdlicating the chelation of central metal ion
through the carbonyl and thione groups, respegtifad]. A new n-n* band at 19020-19626m™
that overlap with GbM?#* transition was observed in the electronic specfrahe complexes
confirming the coordination of S atom of C-S grdaagentral metal ion.

The spectrum of Mii complex showed bands at 26240, 19511 and 1755¢nabe to
A1 Eq(*D), CA14-'To('G) and °A1—'T1((*G) transitions, respectively in an octahedral
environment. The magnetic moment values (5.64 BiMIpwer than the spin only value may be
attributed to strong M-M interaction [31].

The spectrum of Eecomplex shows bands at 15608 and 24690 assignable tc?Alg—>
T14(G)and®A 1 *Ty4 (G) transitions in an Oh configuration. Thgeorresponding t6A14—"E, (G)
not observed because it is covered by the broahdigoands. Also, the band at 11764 cm-1 is
referred to a low-energy thiolateFe (l1l) charge transfer band which causes a nabieestability to

iron in the +3 oxidation state [32]. In additiohetmagnetic moment (4.26 B.M.) which is smaller



than the calculated value for two Fe (lll) ionsdaotahedral geometries and this may be due to

antiferromagnetism between the two ion-centers.[33]

The electronic spectrum of €ocomplex shows two bands at 15241 and 17136 due to
Ti(F)—="Ax(F) (2) and *Tio(F) — “T1«(P) (a) transitions, respectively, in an octahedral
configuration [34]. The calculated values of DgaBdp and as well as the magnetic moment value
Her = 5.61 B.M. of the aforementioned complex lie ire ttange reported for octahedral Co (Il)
complexes [35].

The broad bands at 19626) (and 23362vs) cmi* are assignable ttA;;—'A,q transition and
to spin-forbidden transitio?‘Alg —>le9 in [Ni (DDPT) (HO) (OH)] complex [36] (fig.2) as well as
the magnetic moment valug.§ = zero) suggesting a square planar geometry.

Finally, the bands at 17376 and 18954 @ssignable tBB1g—°Eg and’B14—°A 14 transitions
in the spectrum of Cii complex support an octahedral geometry. The ba@d¥86 cnit is referred
to S—Cu transition [37]. Also, the magnetic moment valug: =2.04 B.M.) is consistent with one

unpaired electron [37].

3.4. Electron paramagnetic resonance

The EPR spectrum of powdered [Cu (HDDPT}]@H,O complex (Fig.3) was recorded at room
temperature. The spectrum is unique in that itmadirectly correlated to the equatorial ligandetyp
and is typical spectrum similar to those reportedrononuclear copper [38]. It exhibits a broad
single line focused at g = 2.08 with well resolvlgperfine structure suggesting that the
thiosemicarbazide (ONS) chelating system seemstodplanar with the two chelate rings, thus
adopting the nearly planar octahedral structure ((2.180) g-(2.088))., The interaction between
Cu(ll) ion and neighbors, expressed by G( 2.073 #hdicates an appreciable exchange coupling
present in solid complexes. The hyperfine splitiogparallel orientation value (A ,=0.007) is
larger than those for the perpendicular one5®006) revealing that the single d electron is in-
nonbonding orbital away from the equatorial plagands and consistent with the literature [39].The
molecular orbital coefficientof) for in-planec-bonding and3 2 (r-bonding ) was calculated and
found to be 0.44 and 0.97, respectively indicathnag in-planeo-bonding is more covalent and in a

good agreement the literature [40].

3.5. Mass spectral studies



The mass spectra of all compounds were recordedregprésented in figure 1S (Supplementary
material). The spectrum of HDDPT showed the fragiai@mn patterns which is corresponding to
degradation of the molecule the parent peak at m/Z5.21(Calcd.275.10) corresponding to
Ci1sH170:NS. The spectrum shows peaks with different inteassiat m/z values as illustrated in
Scheme 1.

3.6. X ray powder diffraction
The XRD pattern of [Ni(DDPT)(KD)(OH)] complex is reported in figure 4 and tableMl of the

diffraction peaks were perfectly indexed into thenwoclinic GiH3N4sNiO10S, structures with
lattice constants a=17.0640, b=16.5370, c= 15.3A28ndo= y=90 & p= 111.770 ° and C 1 2/c
space group[41].This is in accordance with thietJCommittee for Powder Diffraction Studies
(JCPDS) File No. 26-1342 [41]. Finally, many shpeaks (at @ [112.44, 13.21, 15.48, 26.73 29.16,
30.80 and, 36.78°) are appeared in the XRD specattnbuted to the structural nature of HDDPT
ligand meaning that the free ligand of that Nf{llfomplex presented as semi crystalline form. On
the other hand the spectrum of the [Fe (HDDPT) (DE#,Jcomplex (figure 4 & table 5) indexed
into an orthorhombic § Fe Nig O, S, structure with a lattice constants; a=17.13420%;17.7157

A; c=17.9936 A andi= y=90 & p= 111.770 ° and P 21 21 21 space group that good
accordance with the Joint Committee for PowderrBdfion Studies (JCPDS) File No 96-450-9921
[42].

3.7. Thermogravimetric studies

An insight on the data represented (table 6) (Bdurrevealed higher stability on chelation. Thdrma
degradation takes place through three, two and $teps, respectively. The thermogram of the
[Ni(DDPT)(H2.0)(OH)] complex showed first decomposition stepl&8-228 °C corresponding to
loss of one water molecule (Found: 4.73 %; Cadcd6 %) which confirmed the existence of water
molecules inside the coordination sphere (Figur®®)the other hand, for example, the TG curve of
[Cu (HDDPT) Ch(H20),].2H,O complex exhibited the first decomposition stage3a-170°C
attributed to loss of two water molecules (Found08b; Calcd.: 7.50%) which evidenced the
presence of these molecules as water of crystidirzgoutside coordination sphere) (Figure 5).The
residual part that being left after complete degtath was {MnS, NiS} and CuO+S+3C for present

complexes.



3.8. Kinetic data

The kinetic and thermodynamic parameters of themegradation process using Coats-Redfern and
Horowitz-Metzger models (Supplementary materia(f 2S & 3S) [43, 44] have been evaluated. A
number of pyrolysis processes can be representadfiiest order reaction. The enthalpy of activation
AH’, entropy of activationAS and free energy of activationG were calculated by Eyring equation
[45].The data obtained are recorded in tables 7a%@ represented graphically in. The high vahfes
activation energy, Eindicates the high stability of chelates becaustheir covalent bond character
[46] and the positive sign &fG* indicates all the decomposition steps are namtgmneous processes
andAG* increase significantly for the subsequent decositipn stages of a given complex which may
be due to increasing the values &fS* from one step to another which overrides theie@galofAH*
[46]. The values of enthalpy of activatiohH are positive revealing the degradation procesanis
endothermic one. On the other hamx* has negative values indicating more orderedvaied
complex than the reactants or the reaction is $#aWy

3.9. Computational studies

The DFT molecular modeling structure of HDDPT atglNi (II) complex are shown in table 9
contains bond lengths and bond angles of DFT opédhistructures that are in accordance with
analogue compounds with differences { 0.01-0.10[48,49] that may arise due to the absence of
intermolecular interactions between neighboringeunoles in gaseous state on applying theoretical
calculations for isolated molecules which in cositrthe situation is the opposite in solid crystal
lattice [49].Table 9 summarizes the variabilitytire in bond lengths in the five membered chelate
ring around Ni(ll) species clarifying the signifitadistortion in the bond angle from optimal square
planar environment, i.e., O8-Ni-S10 = 91.43 wi@21-Ni-S10 = 96.05 and 022-Ni-O21=83.88°.
Also, there is a planarity of the ring system tisataintained on protonation with an apparent bond
distance changes occurring mostly in C-S bonds amitant with smaller changes in C-N bonds.
Finally, it is obvious that Ni-G¢ Ni-S reflecting the high strength of Ni-O bond [50

The Frontier molecular orbitals (FMO’s){ (HOMO andJMO) }i.e..the highest occupied and
lowest unoccupied molecular orbitals that evaluatsidg B3LYP/6-3111G method are recorded in
table 10. For a molecule, the gap between HOMO lduMO describes the charge transfer and
clarifies its chemical stability [51]. Some concepke chemical reactivity, conjugation, aromdici

and electron lone pair could be obtained molecatbitals qualitative graphical representation in



which positive is in red and negative is green cf8@]. Figure 6 reveals the 3D HOMO and LUMO
plots for HDDPT indicating the localization of HAMELomo=-5.16eV on the thiosemicarbazide
arm and the spreading of LUMO;mo = -2.49 eV over the cyclohexane ring as well as
thiosemicarbazide moiety with energy gsp = 2.67 eV. For Nf* complex, FMO’s plots (figure 7)
indicates the localization of HOMO (-4.06 eV) oneplgl rings and that of LUMO (-2.39 eV) are
spreading over the coordinated thiosemicarbaziae ks clear that the energy gag, -1.13 eV of
the complex is lower than that of the ligand itsgHich in turn proves that the present complex
could be considered as potential material for heting solar radiation in solar cell applicationstas
can absorb the photons of light beam powerfullyaasing the obtained circuit current resulting in
more efficient power conversion [53]. The electrgeugvity (x) that measure the ability of the
molecule to attract electrons and calculated altemature [45] and that of the ligand (3.82 eV)
supporting it behaves as a Lewis acid and thatidf ddmplex (3.50 eV) is extremely low value
indicating Lewis base character. Other energetiarpaters such as global hardnegsapnd global
softness ) that measure the resistance of a molecule togehmansfer , and the capability to
receive electrons, respectively are recorded ifetdb. From the data, one can conclude that Ni
complex withy = 1.33 ando = 0.56eV values will be less soft than the thiosamiazide, HDDPT
[54].

3.10.Corrosion Data

3.10.1.Potentiodynamic polarization (PP) measurements

PP is a useful method because they give more imfioom about the corrosion mechanism and the
factors affecting the corrosion process and iniwibitboehavior of the thiosemicarbazide, HDDPT.

The PP has been performed using PCl4-G750 Pot&atti@alvanostat and a personal computer with
Gamry PCl4-G750 software for calculations. In PRasseements, electrode potential from —1000 to

1000 mV was applied at scanning rate 1 fh\%IE andd from PP measurements from equation:

% IE =6 X 100 = [(korr (free) -icorr(inn)/ icorr (iree] X 100 (1)
where kon(nny IS the corrosion current density with compound HEIDand dorr (ree)iS the current
without compound HDDPT. PP curves without and wdifierent concentrations for carbon steel
dissolution in 1M HCI solution were showed in Figu8. The difference of corrosion potential
(Ecor), icorn Pa Py CR, 6 and % IE with compound HDDPT concentration weneegiin Tablel1.

Experimental results indicate that{ is significantly decreases with increasing HDDPT



concentration [54]. Both the anodic and cathodives were affected by the existence of compound
HDDPT, i.e. compound HDDPT limited both the anodind cathodic reactions (mixed type
inhibitor).

3.10.2.Electrochemical | mpedance Spectroscopy (EIS) Measurements

EIS tests were utilized to study the mechanism afasion. The results of Nyquist and Bode
diagrams are demonstrated in Figure 9a, 9b, raspbctThese figures indicate a gradual increase
in the semicircle diameter of the Nyquist diagralms raising the concentration of compound
HDDPT. So the compound HDDPT retard the corrosatia by adsorption [55]. From Figure 8a one
noticed that the deviation from an ideal semiciasdea result of frequency dispersion because of the
inhomogeneity of the surface. Table 12 gives d#iférparameters of impedance asg)(RCa),
(%IE) and electrolyte resistanckg). The data of table 10 demonstrated that(theata lowered by
raising the concentration of compound HDDPT, trebdvior as a result of molecules adsorbed on
the surface of carbon steel. Figure 8b shows thevalgnt circuit (fig.4S) (Supplementary material)
which used in our study [56]. In electrochemicalpedance spectroscopy (EIS) procedures, the
frequency scope is between 100 kHz and 0.1 Hz abdignal is 10 mV peak to peak. % IE and

were obtained by employing the following relation:

%IE =0 X 100 = [(Ry(free) - Ret(inhy) / Retgiree] X 100 2
where Ryinn) is the charge transfer resistance with Compoun®PDand Ryree)iS the charge
transfer resistance without compound HDDPT.
3.11. Antibacterial activity

All compounds under study were screened for inioibibf growth of four bacterial strains, namely
Bacillus and Streptococcus pyogenes (Strp. py.) as Gram'’s positive anscherichia coli (E.coli) and
klebsiella spp. (Kleb. spp.) as Gram’s negative using antibiotics, ampiciliamd ciprofloxacin and
gentamicin drugs. The data represented in tabl&Upplementary material) and figure 9 revealed
that HDDPT exhibited potent activity agair&tp.py.) exceeding that of antibiotic itself followed by
Co(ll), Cu (II) and Ni(ll) complexes. HDDPT exhibd potent activity toward Bacillus has the
higher activity followed by Cu (llI), Co (II) and N{ll), respectively represented in table 3S
(supplementary material) and figure 10. Only Cu lGs activity againgtkieb. spp.) while Cu (II)
and Co (Il) inhibits the growth of E. coli. The bty to inhibit the growth of bacterial strain cde

referred to the difficulty of diffusion of the compnd through the cell membrane or the possibility



of diffusion through the membrane but being deattist by unknown cellular mechanism. On the
other hand, Cu(ll) complex exhibited a higher attidlue to the moderate hydrophobicity when
compared with HDDPT and other metal complexes teguin an enhancement of ability to diffuse

through the cell membrane and consequently inhipitihe growth of the micro-organisms [57].

3.12. Structure activity relationship (SAR) studies

The potent activity of HDDPT is referred to asntgture as a soft ligand as confirmed by confirmed
by the difference betweenibuo and Euwo (-2.41) in addition to the fact that it containamy free
sides, C=0, C=S OH and NH groups free. Also, thssrable moderate activity of some complexes
such as Cu (ll) is attributed to the presence of 26d the smaller size of the metal ion that
facilitate the diffusion through the organism meani.

Conclusion

HDDPT thiosemicarbazide derivative forms new carpb with MA*, Fe€*, C&*, Ni ** andCu**
ions. Spectral and elemental analyses data suggestectahedral for all complexes except the
diamagnetic Ni* that adopted a square planar geometry. Also, 8 @ata of Cu (Il) complex data
are consistent with the proposed structure. Thadnigalues af® and & in case of the complex
revealed appreciable covalence in the metal-ligamading, presumably arising out of M-thione-
coordination. X-ray powder diffraction indicated naonoclinic structure for Nf complex and
orthorhombic for F& complexes. The TG analysis for the title compledisplayed high residual
part indicating high stability of the formed chelat Moreover, all compounds were screened for
antibacterial and antifungal activities. The asshgwed a potent activity of the thiosemicarbazide
and variable inhibition power for the complexes emstudy. It was remarked that induction of some
moieties, such as an azomethine linkage or a ttoakeinto a compound causing an extensive
biological activities that may be responsible fbe tincrease in the hydrophobic character and
liposolubility of the molecules in crossing the Icetembrane of the microorganism, thereby
enhancing the biologicaitilization ratio and activity of such complexes
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Table 1: Analytical and physical data of HDDPT atisdnetal complexes.

Compound F.wt. M.p. % Found (Calcd.) Yield
. Colour |
Empirical formula (Calcd.) (°C) M cl C H N S (%)
HDDPT 275.21 . 65.21 | 6.52 | 5.23 | 11.06
CisH1NO,S (275.37)| White | 130} - © | 64.21)| (6.1) | 5.08)| (11.64) &
[Co(HDDPT)Cl,] 680.38 | pale 010 861 | 1035 | 52.89 | 525 | 490 | 8.92 80
CaoH3.Cl,CONO,S; (680.57)| green (7.90) | (10.80)| (52.50)| (5.00) | (4.10)| (9.42)
[Ni(HDDPT)(OH)(H,0)] 366.99 15.98 48.72 | 591 | 445 | 8.32
orange
C1sH2,CLNNIO,S (368.09) % 270 (16.30)| ~ | (48.30)| (5.80)| (3.78)| (8.66) | 85
481.04 | reddish 13.15 | 1469 | 37.34 | 532 | 3.53 6.89
[Cu(HDDPT)CL(H,0),].2H,0 280 80
(481.87)| brown (14.5) | (14.20)| (37.80)| (5.01)| (2.90)| (6.65)
C15H25C|ZCUNQS
[Mn(DDPT)CI( H,0)3].3H,0 1150 | 7.26 | 38.03 | 6.14 | 3.21 | 7.22
473.21 | brown 80
C1sH26CIMNNOSS 200 | (10.9) | (7.40) | (37.8) | (5.90)| (2.97)| (6.79)
(472.06)
[Fe(HDDPT)(DDPT)C}] 675.42 | dark 180 825 | 104 | 53.1 | 519 | 467 | 9.12 -
CaoH3sCl.FeNO,S, (676.48)| brown (8.10) | (11.20)| (53.02)| (5.10)| (4.12)| (9.44)
Molecular weight values obtained from mass spectra.
Table 2: Principle infrared bands of HDDPT andnistal complexes.

Compound v(C=0) | v(O-H) | v(N-H) | v(C=S) | 8(C=S) | v(C=N) | v(M-O) | v(M-S)
HDDPT 1615 3447 3250 1277 785 - - -
[Co(HDDPT)Cl,] 1625 3432 3150 1347 750 - 524 485
[Ni(HDDPT)(OH)(H;0)] 1607 | 3447 | 3061 | 1270 | 761 1551 518 490
[Cu(HDDPT)CL(H,0);].2H,O | 1624 | 3473 | 3160 | 1275 | 758 - 513 484
[Mn(DDPT)CI( H,O)3].3H,0 1608 3438 3064 1271 754 1550 504 495
[Fe(HDDPT) (DDPT)CY 1620 3448 3060 1271 757 1553 504 489




Table 3.Magnetic moments and electronic spectral daHDDPT and its complexes.

Band Ligand field "
o [ arameters it
Compound posion.cit Assignment p (BM)
B B Aq
32580 -1
HDDPT 28370 n—m i ) i i
15241 T1o(F)—"Axg(F) 814
. . 61
[Co(HDDPT)Cly] 0790 TF)TofP) 964.28/ 0.993 | o 5.6
. 19626 A1g—"Az _
[Ni(HDDPT)(OH)(H,0)] 26875 A 1g—Bog - - - Dia.
19432 ’B1g—°Eq
[Cu(HDDPT)Ch(H,0),].2H,0 1186 Nl - ; - 2.04
g D2g
26240 ®A15—"Eo(‘D)
[Mn(DDPT)CI( H,0)3].3H20 19511 Arg T “G) ) ] ] 64
17552 6A19—>4Tlg(4G)
15608 A1 “T14G)
[Fe(HDDPT) (DDPT)CJ] 24690 A1 “Tag (G) - - - 4.26
20687 LMCT

Dia=diamagnetic

Table 4: Powder XRD data: area, FWHM, intensitystallite (grain)size D, d-spacingmicrostrain and dislocation
density of [Ni(HDDPT)(OH)(HO)]complex.

No. FWH Grain_ Lattice Dislpcation Average inner
2theta [°] | d[A]| hk,l M (_Cystalllte) stralnsa x10 denlsty3 (A) crys_tal

size D (nm) x10 separation (S
1 771 | 11451 110| o045 18.48 29.1 2.93 14.32
2 12.44 | 711 ] 002| o027 30.91 10.8 1.05 8.88
3 13.21 | 670 20,-2| 0.65 12.85 24.5 6.06 8.37
4 15.48 | 972 220/| 0.15 55.82 4.82 3.21 7.15
5 26.73 | 333 |51,2| 1.15 7.42 211 18.2 4.16
6 29.16 | 3:06 | 242| 0.45 19.05 7.55 2.75 3.82
7 30.8 | 290 |53.-2| o091 9.46 14.4 11.2 3.62
8 31.62 | 283|224 1.02 8.45 15.7 14.0 3.53
9 36.78 | 244 | 116 | 0.19 46.02 2.49 0.47 3.05
10 40.15 | 224|710 021 42.07 2.51 0.56 2.80
- 41.26 | 219|424 053 16.73 6.14 3.57 2.73
12 4354 | 208 | 206 1.23 7.26 13.4 19.0 2.60
Average - 434 . 0.60 22.88 29.1 6.67 5.42




Table 5: Powder XRD data: area, FWHM, intensitystallite (grain)size D, d-spacingmicrostrain and

dislocation density of [Fe (HDDPT) (DDPT){ftomplex.

Grain . . : Average
. Lattice | Dislocation | .
No. | 2theta[f]| d[A] | hkl | FwHm | CYSIMEN o ine | denistys | e crystal
size D «10° (nm‘l) «10° separation
(nm) (S)

1 7.06 12.51 1,0,1 0.61 13.71 29.1 2.93 15.63
2 9.72 9.09 0,0,2 0.48 17.35 10.8 1.05 11.36
3 11.00 8.03 0,1,2 0.43 19.39 24.5 6.06 10.04
4 20.00 4.44 0,4,0 0.43 19.59 4.82 0.321 5.54
5 20.37 4.36 0,14 0.40 21.08 21.1 18.2 5.44
6 23.52 3.78 4,1,2 0.49 17.30 7.55 2.75 4.72
7 28.24 3.16 0,44 0.47 18.20 1.44 11.2 3.95
8 32.62 2.74 4,4,3 0.49 17.64 1.57 14.0 3.43
9 36.20 2.48 1,71 0.48 18.19 2.49 0.472 3.10
10 42.56 2.12 3,5,6 0.29 30.71 251 0.565 2.65
11 43.01 2.10 0,3,8 0.30 29.73 6.14 3.57 2.63
Average 4.98 - 0.44 20.26 12.7 6.67 6.23

Table 6. Decomposition steps with the temperatange and weight loss for HDDPT and its complexes.

Complex Temp. Removed species W1. Loss

Range,°C Found% Calcd.%

223-307 -GHeN +CsH;O, + HoS 73.93 72.83

HDDPT 308-378 ~GHo 13.35 14.90

379-800 3C 12.72 13.07
113-228 -H.0 4.73 4.66
, 229-326 -H,0O +GHgt+ CO; 40.86 41.88

[Ni(DDPT)(H,0)(OH)]
327-507 -C7HsN 28.88 28.83
508-800 NiS 25.53 24.63
35-170 -2 H,O 8.30 7.50
171-356 -2HCL+CHgNO5 40.05 40.42
[Cu (HDDPT) Ck(H20),].2H,0
356-556 -CgHs 22.29 21.98
557-800 CuO+S+3C 29.36 30.10
25-86 3 H0 10.46 11.43
87-266 3 HO +HCL 20.28 19.14
[Mn(DDPT)CI( H,0)3].3H.0
267-465 COx+CoH1N+5C 49.82 50.38
465- 800 MnS 19.41 19.05




Table 7: Kinetic Parameters evaluated by Coats-@&edfquation for HDDPT complexes.

. Ea A AH* AS* AG*
Complex peak Mid 1 KJ/mo
Temp(K) | KJ/mol (SH KJ/mol | KJ/mol.K |
1% | 416.55 | 25.27 5.03 21.81 -0.2343 119/40
[Ni(HDDPT)(OH)(H0)] 2" | 599.40 | 48.25 95.3 4326 -0.2128 170|83
39 | 779.64 | 134.62 7.14xid 128.13| -0.1217| 223.0
1% | 375.99 | 24.50 14.9 19.90 -0.2276 145|83
[Cu(HDDPT)Ch(H0)1-2H0 ™50~ 558 04 | 43.58] 50.50| 38.94 -0.2175 16032
39 | 759.93 | 96.73| 3.42xf0 90.42 | -0.1659| 216.49
1® | 32856 | 41.07| 3.76xf0 38.34 | -0.1581| 90.29
IMREDPT)CI(HO)I-3H:0 53505 | 65.72| 1.58xf0 61.24 | -0.1695| 152.59
39 | 737.84 | 74.66| 5.08xf0 68.52 | -0.1815| 202.44
Table8: Kinetic Parameters evaluated by HomMetzger equation for HDDPT complexes.
Mid Ea A AH* AS* AG*
Complex Peak] Temp(K) | kamol | (s | Kamol | KO | kaymol
1% | 416,55 | 32.34| 48.70| 28.88 -0.2164 118J60
[Ni(HDDPT)(OH)(H.0)] 2" | 599.40 | 58.22| 8.26xfd 53.24 | -0.1949 170.04
3rd | 779.64 | 142.08 2.27x10 135.60| -0.1121 222.98
1st | 375.99 | 31.07| 1.48x10 27.95 | -0.2053 105.14
[Cu(HDDPT)Ch(H20)l-2H0 one 558 04 | 52.78| 4.24xfq 48.14 | -0.1998 159.64
3™ 759.93 | 108.64 2.42x1Q 102.31| -0.1496 216.19
1" 328.56 | 47.07| 3.78x1( 44.33 | -0.1390 89.99
[Mn(DDPT)CI(H0)3]-3H0 ™27 539,02 | 75.46| 1.54x105 70.98 | -0.1505 152.12
3™ 737.84 | 88.62| 1.10x104 82.49 | -0.1751 211.67

Table 9: Selected bond lengths (A) and bond angle§HDDPT and [Ni(HDDPT)(OH)(H,0)] complexusing
DFT-method from DMOE calculations.

HDDPT [Ni(HDDPT)(OH)(H,0)] complex
Bond L?R?th Angle Degree(®) Bond L?R?th Angle Degree (°)
N(13)-H(20) 1.019 H(20)-N(13)-C(14) 114.653 0(22)-H(41) 0.991 H(42)-0(22)-H(41) 103.106
N(13)-C(14) 1.425 H(20)-N(13)-C(11) 114.7972 0(22)-H(42) 0.986 H(42)-0(22)-Ni(20) 109.792
C(11)-N(13) 1.364 C(14)-N(13)-C(11) 129.507 Ni(2D)21) 1.860 H(41)-0(22)-Ni(20) 93.114
C(11)-S(12) 1.682 N(13)-C(11)-S(12 126.941 O(222N) 2.064 0(21)-Ni(20)-0(22) 83.889
C(4)-C(11) 1.496 N(13)-C(11)-C(4) 116.032 O(8)-N)2 1.990 0(21)-Ni(20)-0(8) 171.782
C(3)-C(4) 1.473 S(12)-C(11)-C(4) 116.954 S(10)-K)(2 2.206 0(21)-Ni(20)-S(10) 96.057
C(3)-0(10) 1.245 0(9)-C(5)-C(4) 119.042 S(10)-C(7) 1.800 0(22)-Ni(20)-0(8) 88.609
C(5)-0(9) 1.360 C(11)-C(4)-C(3) 118.824 C(7)-N(11) 1.300 0(22)-Ni(20)-S(10) 179.869
C(4)-C(5) 1.380 C(11)-C(4)-C(5) 121.311 C(4)-C(7) 1.507 0(8)-Ni(20)-S(10) 91.438
C(19)-C(14) 1.410 C(3)-C(4)-C(5) 119.157 C(3)-0(8) 1.411 Ni(20)-S(10)-C(7) 107.532
N(13)-H(20) 1.019 C(4)-C(3)-0(10) 122.061 C(4)-C(5) 1.402 Ni(20)-O(8)-C(3) 112.251
N(13)-C(14) 1.425 C(19)-C(14) 1.410 C(3)-C(4) 1.402 S(10)-C(7)-N(11) 126.683
0(9)-H(31) 0.977 N(13)-H(20) 1.019 0(9)-H(28) 0.983 S(10)-C(7)-C(4) 116.462
C(5)-0(9) 1.360 N(13)-C(14) 1.425 C(7)-N(112) 1.300 N(11)-C(7)-C(4) 116.360
C(4)-C(5) 1.380 0(9)-H(31) 0.977 C(5)-0(9) 1.370 72C(4)-C(5) 121.731




C(2-H(21) | 1.105

C(5)-0(9)

1.360

C(#)-C(7)

1.507

71C(4)-C(3)

121.623

C(2)-C(3) | 1.530

C(4)-C(5)

1.380

N(11)-C(12)

1.409

(5)C(4)-C(3)

116.468

Table 10: CalculateByomo, ELumo, energy band gafkf; — B ), chemical potentialu), electronegativityy), global
hardnessr|), global softness (S), global electrophilicity éd(®) and softnesés) for HDDPT and its complexes.

Compound Ee*{// E/eV | (ExE) | x/ev | plev | niev | sievt | wlev | olev
leV

HDDPT 5164 | 2491 | -2.673| 3.827% -3.8275  1.33¢ 50'347;5111 5'4%%6420 0.748

C1sH17/NO,S
[Co(HDDPT),CI,] 3.142| 265 | -0.492 | 2.896 | -2.896 | 0.246 | 2032 | 17.046 | 4.065
NHDDPTYOR(0) | 4069 | 2931 | 1138 | 35 35 0569 | 0.879 | 10.764 | 1.758
[Cu(HDDPT)CH(H,0),].2H,0 | -3.823 | -3.325 | -0.498| 3574 3574  0.249 2.008 .64 4.016
[MR(DDPT)CI( H,0)].3H,0 | -3.14 | -2.185 | -0.955| 2.662] -2.662  0.477 1.047 7.428  2.094
[Fe(HDDPT) (DDPT)CJ] | -3.737| -3.400 | -0.337| 3568  -3568  0.1685  2.96F  &5.7| 5.934

H=HOMO, L=LUMO.

Table 11. The effect of compound (HDDPT) concerdrat on the free corrosion
potential (Eorr), corrosion current density.4j) , Tafel slopedi. ), degree of surface
coveragef) ,inhibition efficiency(%IE) and corrosion rate(C& 1 M HCI at 25C.

Cinh, 'Ecorr, mV icorr, Bm Ba, CR, 0 % IE
M vs SCE | pA cm? |mV dec¢'| mV dec¢'| mmy*
Blank 399 128.0 109 94 85.2 —_— —
1x10° 394 69.80 107 86 32.6 0.457 45.7
5x10° 393 48.90 110 79 28.6 0.623 62.3
10x10° 397 30.60 108 76 13.9 0.768 76.8
15x10° 400 15.60 86 62 7.5 0.881 88.01

Table 12 EIS results without and with different compound@®PT) concentrations for
carbon steel in corrosive solution.

Compounds Concentration Caix10°, Ret, 0 % IE
M uFem? | Qenf
Blank 0.0 5.60 5.68
HDDPT 1x10° 4.30 7.40 | 0.233 | 23.3
5x10° 2.80 13.07 | 0.565 | 56.5
10x10° 2.10 14.80 | 0.616 | 61.6
15x10° 1.80 19.24 | 0.705 | 70.5
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Scheme 1: fragmentation pattern of HDDPT.
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Figure 1: (a)HNMR and (b)"*CNMR spectra of HDDPT ingdMSO.
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Figure 2. Electronic spectrum of [Ni(DDPT)(OHY®)] complex.
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Figure 4.x-ray powder diffraction spectrum of [FEBIPT)(DDPT)C}] and
[Ni(DDPT)(OH)(H.0)] complexes.
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Figure 7: (a) HOMO and (b) LUMO of [Ni(DDPT)(OH)ga)].
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Highlights
« Preparation of Mn?*, Fe*, Co %, Ni # and Cu**complexes of a new
thiosemicarbazide.
» Elemental analysis, spectral characterization of the ligand and complexes.
» Thermal behavior of the solid metal complexes was studied using TGA technique.
» Antibacterial and corrosion inhibition of the ligand towards carbon steel was

examined.



1. The student, Doha Nabih has carried out the experimental work.
2. Prof.Dr. Abdelaziz E.Fouda has interpreted the part of corrosion study.

3. The corresponding author; Prof.Dr.Ola suggested the point of research, plan of work, interpreted the
characterization part including elemental, spectral , molecular modelling, X-ray and biological study and
write the research and submitted the research to the journal.



The title compounds were screened for in vitro antibacterial and the corrosion
hindrance of carbon steel metal in 0.5M HCI by HDDPT was tested utilizing
potentiodynamic polarization. The ligand under investigation has not been
undertaken. Accordingly, a study of new thiosemicarbazide as well as its some
transition metal complexes with antibacterial inhibition would support the
development of new drugs and improve the treatment of various diseases. In addition,
its inhibition towards the corrosion of carbon sted may facilitate its development in
steel productsindustry to maintain the metal hardness.



