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ABSTRACT
A new series of mono-nuclear complexes, Cd2+, Zn2+ and Hg2+ derived from 4,4-dimethyl-2,6-dioxo-Nphenylcyclohexanecarbothioamide (HDDPT) have been prepared and characterized. The complexes adopted the molecular formulae;
[Hg(DDPT)Cl(H2O)], [Cd (HDDPT) 2Cl2] and [Zn (HDDPT)2Cl2], respectively. IR data showed that HDDPT ligand acts as OS bidentate
either in neutral form as in Cd2+, Zn2+ complexes or mononegative chelate in Hg2+complex. An octahedral environment was suggested
for Zn2+ and Cd2+ complexes and a tetrahedral arrangement for Hg2+ complex. DFT method we used to confirm the geometries of title
compounds and evaluate other energetic parameters such as HOMO, LUMO, hardness, softness and electronegativity. Also, the thermal
stability was examined by TGA and DrTGA and the associated thermodynamic parameters of activation were determined using CoatsRedfern and Horowitz-Metzger methods. Also, all compounds were screened for antibacterial activity using ciprofloxacin and
gentamicin drugs by inhibition zone diameter method technique.
Keywords: OS bidentate; thermodynamic parameters; Antibacterial activity.

1. INTRODUCTION
It is well documented that potential donor atoms such as N
and S with a variety of coordination modes render flexibility to the
ligands which can coordinate to the metal ion either in a neutral or
deprotonated form, yielding mono or polynuclear complexes with
transition metals [1-3]. Among these ligands, thiosemicarbazides
are considered to be potential ligands owing to their versatility in
coordination, such as intramolecular hydrogen bonding, bulkier
coligand, steric crowding on the azomethine carbon atom and π– π
stacking interactions[4–8]. Also, thiosemicarbazides have been

extensively utilized commercially as dyes, photographic films,
plastic and in textile industry [9].Furthermore, they exhibited a
wide range of biological activities such as antibacterial, antifungal, anti-tumor, anticancer and anti-inflammatory[10-13].It is
clear that the molecular features essential for such activities must
be ascertained by designing synthetic routes to modify, replace, or
substitute the derived thiosemicarbazide. Thus, this work is aimed
to synthesize and characterize a series of Cd2+, Hg2+ and
Zn2+complexes derived from a new thiosemicarbazide

2. MATERIALS AND METHODS
2.1. Preparation of HDDPT.
HDDPT thiosemicarbazide was prepared as described below
(Figure 1). The pale yellow precipitate that formed was filtered
off, washed several times with cold water and allowed to dry in a
clean desiccator over anhydrousCaCl2. The product was tested by
TLC, IR and 1HNMR and the yield was %80 (0.277 gm);
m.p.:1300C. HDDPT; C15H17NO2S (275.37): Elemental Anal.
%Calcd; C(64.21);H(6.10);Found C 65.21;H 6.52 FTIR (Cm-1)
1615ν(C=O) ;3447ν(C –OH); 3250 ν(NH); 1277 ν(C=S); 785
δ(C=S).
2.2. Preparation of metal complexes.
The method is illustrated in Figure 2. The precipitates formed
were filtered off, washed with ethanol followed by diethyl ether,
dried in a vacuum desiccator over anhydrousCaCl2 and checked
by TLC, partial elemental analysis (C, H, N, S, M and Cl) as well
as spectral tools (IR, UV-Vis.,). The complexes are stable in air,
soluble in dimethylformamide (DMF) and dimethyl sulfoxide
(DMSO) and non-electrolytes (1-18 ohm-1 cm2 mol-1) [13]. Many
trials were performed to isolate a single crystal but failed.

Figure 1.Schematic preparation of HDDPT.

2.2.1. [Zn (HDDPT) 2Cl2].
C30H34CL2N2O4S2Zn
(687.01)yield:85%peach;m.p:160 oC;
Elemental Anal. % Calcd; C (51.91);H (5.5); M (9.3); Cl (9.8);
Found C 52.35H 5.2 M 9.4Cl 10.2 FTIR (Cm-1): 1617ν(C=O);
3421ν(OH); 3258
ν(NH); 1228 ν (C=S) 780; δ(C=S);504 ν(M-O).
2.2.2. [Cd (HDDPT) 2Cl2].
C30H34CdCl2N2O4S2(734.04)yield :80% pale orange;m.p:180 oC;
Elemental Anal. % Calcd; C(49.2);H(3.9) M(16.1)Cl(10.1);
Found C: 48.9; H 4.8; M15.2; Cl 9.6. FTIR (Cm-1): 1608ν(C=O);
3442 ν(OH); 3059 ν(NH); 1221 ν(C=S); 758δ(C=S); 512 ν(M-O) ;
2.2.3. [Hg(DDPT)Cl(H2O)].
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C15H18ClHgNO3S(528.41)yield:93% yellowish white;m.p:190oC;
Elemental Anal. % Calcd ;C(33.9);H(3.7) M(36.8)Cl(6.8);Found
C 34.07; H 3.5; M37.1; Cl6.6 .FTIR (Cm-1) 1622ν(C=O)
;3437ν(OH); 3100 ν(NH); 502 ν(M-O) 1651 ν(C=N)*.

Figure 2. Structural representation of metal complexes.

2.3. Antibacterial activity.
The bacterial strains, Gram-positive bacteria; Streptococcus
pyogenes ATCC 19615, Bacillus ATCC 6051(Becton Dickinson

Company) and Gram-negative bacteria: Klebsiella spp. 155095A
(Carolina trademark, USA ) and Escherichia Coli ATCC11775
were chosen for screening the antibacterial activity using agar as
nutrient using a well diffusion method [14] with ciprofloxacin and
gentamicin drugs as standard antibiotic. The inhibition zone
diameter was measured in mm and the experiments were triplicate
and the mean average was taken. The inhibition zone diameter was
measured in mm.
2.4. Molecular modeling.
All calculations presented were performed utilizing
DMOL3 program [15] in Materials Studio 7.0 package [16]. The
DFT semi-core pseudopods calculations (dspp) were carried out
with the double numerical basis sets plus polarization functional
(DNP). Kessi et al. [17-19] displayed that the DNP is more
accurate than Gaussian basis sets of the same size. The densityfunctional theory using revised Perdew-Burke-Ernzerh of
functionals (RPBE)[20] have studied the chemisorption energies
of atoms and molecules on late transition-metal surfaces and
exchange-correlation functional. The initial factor and condition of
RPBE functional theory have studied the generalized gradient
approximation (GGA). Finally, the geometric optimization is
performed without any symmetry restriction.

3. RESULTS
3.1. IR spectra.
The important IR bands of HDDPT and its complexes (KBR
discs) (4000-500 cm-1) are recorded. The spectrum of the ligand,
HDDPT (Figure 1) shows strong bands at 1735, 1661 and 1615
cm-1 attributable to stretching vibrations of hydrogen bonded
carbonyl, free carbonyl group of dimedone moiety and
ν(C=C)phenyl, respectively[21]. The ν(C=O)bonded is further
confirmed by the presence of weak bands in the 1800-2100 cm1
and 2300-2400 cm-1 regions characteristic for intra-molecular
hydrogen bonding N-H---O [22] and generally, in metal
complexes one of these carbonyl groups undergoes enolization (C-C=O→-C=C-OH) supported by appearance of a new broad
band at 3447-3474 cm-1 assigned to ν (OH) overlapped with that
of water molecule not involved in chelation while the other
suffers a shift to lower wavenumber due to participation in
coordination which will be further supported by 1HNMR spectrum
of the ligand. [23]. The band observed at 1601 cm-1 which is
assignable to ν(C=C) phenyl. The medium bands located at 1502,
1330 and 914 cm-1 assigned to thioamide I-IV vibrations have
substantial contributions from ν(C-N), δ(C-H) and δ (N-H) and
vibrations [24]. The weak band at 3250 cm-1 is due to ν(NH) mode
[24]. The stretching and bending vibrations (υ/ δ) of C=S group
are observed as strong bands at 1277 and 785 cm-1, respectively
[24]. Also, the band at 3057 cm-1 is due to aromatic CH vibration
and no band was observed in the region (2500-2650 cm-1) in the
IR spectrum characteristic for SH group suggested the obscure of
possibility of thione/thiol tautomerism in the solid state. Finally,
weak bands in the region 2874-2994 cm-1 are characteristic of
aliphatic CH3 and CH2 groups. On comparing the spectrum of the
ligand and its metal complexes indicated its coordinates as neutral
or monobasic chelate. A careful comparison of spectra of the
thiosemicarbazide and its metal complexes indicates the following
remarks:


Firstly, as a neutral OS bidentate in [Zn (HDDPT)2Cl2] and
[Cd (HDDPT)2Cl2] complexes (Figure 2) via free (C=O) and
C=S groups which confirmed by the shift of their bands to lower
wavenumber.

Secondly, HDDPT binds as mononegative bidentate in
[Hg(DDPT)Cl(H2O)] complex in thiol-enol form (Figure 2)
through C-S and one carbonyl group in keto form whereas the
other C=O group changes into C-OH and remains without
involvement in coordination and observed at 3447 cm-1[23]. This
mode of chelation is supported by:
i)The blue shift of the band due to free ν (C=O).
ii) The disappearance of bands due to υ/ δ( C=S) and ν(NH)
vibrations.
iii) The appearance of new bands at 1656 and 651 cm-1 assignable
to new (C=N)* and ν(C-S), resulting due to thiolization of (C=S)
followed by deprotonation [23].
iv) The new bands that observed at 524-504 cm-1 assigned to
ν(M-O) vibration confirm the coordination to C=O group [24].
3.2. NMR spectra.
The 1H NMR spectrum of the ligand, HDDPT in d6-DMSO
(Figure 3a) showed two signals in the downfield region at δ:
13.79 and 16.70 ppm that disappear upon adding D2O. These
signals may be assignable to OH and SH protons suggesting the
protonation of one C=O and C=S groups [25] confirming the
existence of thiol- enol tautomers in solution. The phenyl protons
appeared as two multiplets at δ: 7.28-7.31 & 7.40-7.46 ppm. The
other two multiplets observed at 3.36ppm (dd, J=7, 4H) are mainly
due to the protons of two unequivalent CH2 groups (C2-C6). Also,
the signals appeared as singlet at 1.01 ppm are corresponding to
protons of 2CH3 protons. The thiol- enol tautomerism is further
supported by the13C NMR Spectrum of the ligand in d6-DMSO
(Fig.3b) where the signals at δ: 198.00, 188.30 and 137.30 ppm
are assigned to C-OH, C=O and (C-SH), respectively [25]. The
signals attributable to phenyl carbons appear as two multiplets at
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δ: 129.01-127.21 & 125.89-122.90 ppm. Moreover, the peaks for where σo, is the electrical conductivity value at absolute zero and
(C16-C17) and (C17-C18) appear as multiplet at 40.17-39.50 Eu is the Urbach energy. The Eg value is determined by
while that attributed to two C-C of unequivalent CH2 groups extrapolating the linear portion of the plot of (αhυ)2 versus hυ. The
appeared at 27.80 &27.30 ppm. Moreover, the possibility of keto- Eg values were found to be 1.284, 1.220 and 1.138 eV,
enol tautomerism in solid or solution is deduced from the respectively (Fig. 5) indicating that they are semiconductor [32].
theoretical quantum calculations of molecular modeling as the two
isomers exist in ratio 1:2 (enol: keto) with binding energy values
of 2188.62 and 4124.14 KCal/mol, respectively.

Figure 4. The electronic spectra of (a) HDDPT (b) [Hg (DDPT) Cl
(H2O)].

Figure 3a.1HNMR spectrum of HDDPT in d6DMSO.

Figure 5. The allowed direct band gap of [Cd (HDDPT) 2Cl2]
(b) [Hg (DDPT) Cl (H2O)] (C)[Zn (HDDPT) 2Cl2].

Figure 3b.13CNMR spectrum of HDDPT in d6DMSO.

3.3. UV-visible spectra
The electronic absorption spectra of HDDPT (fig.4a) and its
orange complex; [Hg (DDPT)Cl(H2O)] (fig.4b) were displayed in
DMF. The spectrum of the ligand exhibited bands at 35530-32580
and 28370 cm-1 presumably arising from (π→π*) and n →
π*transitions {an overlap of the transitions due to those of benzene
ring, carbonyl and thione groups} [26]. These bands suffer a blue
shift on chelation revealing the participation of carbonyl and
thione groups in coordination [27]. Large change is also, observed
in the spectra of all complexes and a new n→π* band at 1902419511 Cm−1 that overlap with Cl→M2+ transition was observed in
the electronic spectra of all complexes suggest coordination of S
atom of deprotonated SH group with the central metal ion. Also,
the new band observed at 18767 cm-1 in the spectrum of complex
may be attributable to L-M charge transfer [28].
3.4. Optical band gap calculations.
The plots of absorbance versus wavelength of electronic
spectra of the title complexes indicated an intense absorption edge
at ~ 738, 674 & 596 nm for Zn(II), Cd(II) and Hg(II) complexes,
respectively. Also, the band gap (Eg) value was obtained using
Tauc’s formula [29]:
(αhυ) =A(hυ−Eg)m
(1)
Where, α expresses the absorption coefficient. For the allowed
direct transitions, m equals 2 [30], and A is a parameter,
determined using the following relation [31]:
A=(4πc) σo/noEu
(2)

3.5. Mass spectra.
The mass spectrum of HDDPT is shown in Figure 6 which
indicating the fragmantion patterns. The peak at m/z
275.21(Calcd.275.10) is corresponding to the molecular ion peak.
The peak at m/z 198.06 corresponds to C9H12NO2S moiety
(abundance 9.60 %). The peak at m/z is 139.07 attributed to
C8H11O2 fragment (abundance 20.4 %).On the other hand, the
peaks at m/z 107.10 correspond to C7H7O (abundance 100%).
Finally, the peak at m/z 65.08;Calcd: 64.05(abundance 98%)
corresponds to C5H4 fragment.

Figure 6. Mass spectrum of HDDPT.

3.5. Thermogravimetric studies
The thermograms of the ligand, HDDPT and its Zn (II) complex
are represented in figure 7. The thermal degradation of HDDPT
occurs through two steps while the thermal degradation of Zn (II)
complex occurs through three steps. A glance at TG of Zn(II)
complex as a representative example shows that the first stage (39163 oC) corresponds to elimination of 2HCl, C2H4O2 and H2O
fragments with wt loss; 21.8% ( Calcd. 22.3%).In the second
stage, the fragments namely 2CN +2C6H5+H2S +CO fragments are
released at 164-267 oC. The residual part that is left after complete
degradation was{ ZnS+2C}.
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Table 1. Kinetic parameters evaluated by Coats-Redfern for HDDPT and its Zn(II) complex.
Complex
peak
Mid
Ea
A
∆H*
∆S*
∆G*

HDDPT

Zn

Temp(K)

KJ/mol

(S-1)

KJ/mol

KJ/mol.K

KJ/mol

1st

540.85

102.04

5.58E+07

97.54

-0.1016

152.47

2nd

617.95

124.21

3.87E+08

119.07

-0.0866

172.56

1st

387.34

26.23

2.62E+04

23.01

-0.1625

85.96

2nd

551.79

51.16

5.28E+03

46.57

-0.1788

145.21

3rd

793.30

67.88

3.29E+04

61.28

-0.1666

193.42

Table 2.Kinetic parameters evaluated by Horowitz-Metzger equation for HDDPT and its Zn(II) complex.
Complex
peak
Mid
Ea
A
∆H*
∆S*
∆G*
Temp(K)
KJ/mol
(S-1)
KJ/mol KJ/mol.K KJ/mol
1st
540.85
111.14
4.44E+08 106.65
-0.0843
152.25
HDDPT
2nd
619.55
134.85
3.25E+09 129.70
-0.0689
172.39
1st
388.04
30.01
8.72E+01
26.78
-0.2100
108.25
[Zn (HDDPT) 2Cl2]
2nd
551.79
59.23
2.96E+03
54.65
-0.1836
155.95
3rd
793.30
82.67
1.41E+03
76.07
-0.1927
228.98

Figure 7. TGA curves of : (a) HDDPT and (b) [Zn (HDDPT)2Cl2]
complex.

Figure 8.Coats-Redfern plots of first degradation step for: (a) HDDPT
(b) [Zn (HDDPT)2 Cl2] complex.

Figure 9..Horowitz-Metzger plots of first degradation step
for:(a)HDDPT(b)[Zn (HDDPT)2Cl2] complex.

3.6.Kinetic data.
In order to assess the influences of the structural properties of the
chelating agent and the type of the metal on the thermal behavior
of the complexes, the order (n) and the heat of activation Ea of the
various decomposition stages were determined from the TG and

DrTGA using Coats-Redfern [33] and Horowitz- Metzger [34]. A
number of pyrolysis processes can be represented as a first order
reaction. The enthalpy of activation, ΔH*, entropy of activation,
ΔS* and free energy of activation, ΔG* were calculated by Eyring
equation [35]. The data obtained are represented graphically in
Figures (8 & 9) and Tables (1& 2). The high values of activation
energy, Ea indicates the high stability of chelates because of their
covalent bond character [36]and the positive sign of ΔG* indicates
all the decomposition steps are non-spontaneous processes and
the positive values of enthalpy of activation, ΔH* revealing the
endothermic nature of the degradation process. Finally, ΔS* has
negative values indicating more ordered activated complex than
the reactants or the reaction is slow [36].
3.7. Computational studies
3.7.1.Geometry optimization.
The DFT molecular modeling structure of HDDPT and its metal
complexes are shown in figure 10. The data in tables [3-6]
summarize the differences in bond lengths and bond angles in the
five membered chelate ring in Hg (II) species and ligand HDDPT.
The data clarify that bond angle distortion in the tetrahedral
geometry, i.e., O8-Hg-S10 = 88.55 while O8-Hg-Cl21 = 95.25 and
O22-Hg-S10=92.29°. Also, the planarity of the ring system is
maintained on protonation, and the most significant bond distance
changes occur for the C-S bonds with smaller changes for the C-N
bonds. Finally, it is obvious that Hg-S ˂ Hg-O reflecting the high
strength of Hg-S bond [37].
3.7.2. Global reactivity descriptors.
Table 7 includes the electronegativity (χ), global hardness (η),
global softness (δ), global softness (δ) and the Frontier molecular
orbitals (FMO’s) viz.the highest occupied and lowest unoccupied
molecular orbitals (HOMO & LUMO) for HDDPT (fig. 11 )
calculated by B3LYP/6-3111G method. revealing that HOMO is
localized on the thiosemicarbazide arm (EHOMO = -5.16 eV) and
LUMO is spread over the cyclohexane ring as well as
thiosemicarbazide moiety (ELUMO = -2.49 eV) giving energy gap
ΔE = 2.67 eV while in Hg (II) complex (fig. 12) HOMO are
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Table 3. Selected bond lengths (Å) of HDDPT using DFT-method from
localized on phenyl rings and LUMO orbital spread over the
DMOL3 calculations.
coordinated thiosemicarbazide arm (EHOMO =-4.422eV & ELUMO =
Bond
Length(Å)
-3.205eV, energy gap ΔE= -1.21eV, lower than that of the ligand.
1.364
C(11)-N(13)
Thus this complex with small energy gap could be considered
1.682
C(11)-S(12)
1.496
C(4)-C(11)
potential materials for harvesting solar radiation in solar cell
1.473
C(3)-C(4)
applications [38]. The values of the electronegativity (χ), global
1.245
C(3)-O(10)
hardness (η) of Hg(II) complex reveal less softness and less
Table 4. Selected bond angles (°) of HDDPT using DFT-method from
reactivity than the ligand.
DMOL3 calculations.
Angle
N(13)-C(11)-S(12)
N(13)-C(11)-C(4)
S(12)-C(11)-C(4)
C(11)-C(4)-C(3)
C(4)-C(3)-O(10)

Figure 10. Molecular modeling of (a) HDDPT, (b) [Cd (HDDPT) 2Cl2],
(c)[Hg (DDPT) Cl (H2O)] (d) [Zn (HDDPT) 2Cl2]complex.

Degree(°)
126.941
116.032
116.954
118.824
122.061

3.7.2. Molecular Electrostatic Potential.
The MEP is a plot of electrostatic potential mapped onto the
constant electron density surface. It is also very useful in research
of molecular structure with its physiochemical property
relationship as well as hydrogen bonding interactions [39-41]. The
electrostatic potential V(r) at a given point r (x, y, z) is defined in
terms of the interaction energy between the electrical charge
generated from the molecule electrons, nuclei and proton located
at r [42, 43]. Computation of electrostatic potential is possible for
molecules using the Γ-point and multiple k-points. In the present
study, 3D plots of molecular electrostatic potential (MEP) of
HDDPT (Fig. 13) have been drawn. The maximum negative
region which preferred site for electrophilic attack indications as
red color and the maximum positive region which preferred site
for nucleophilic attack symptoms as blue color. Potential increases
in the order red < green < blue, where blue shows the strongest
attraction and red shows the strongest repulsion. As can be seen
from MEP map of the title molecule, while regions having the
negative potential are over the electronegative atoms (nitrogen
atoms), the regions having the positive potential are over the
hydrogen atoms.

Figure 11. HOMO&LUMO of HDDPT.
Table 5. Selected bond lengths (Å) of[Hg(DDPT)Cl(H2O)] using DFTmethod from DMOL3 calculations.
Bond
Length(Å)
1.366
S(12)-H(41)
0.990
O(21)-H(40)
0.990
O(21)-H(39)
2.475
Hg(14)-Cl(22)
2.684
O(21)-Hg(14)
2.875
O(9)-Hg(14)
2.456
S(12)-Hg(14)
1.908
C(11)-S(12)
1.289
C(11)-N(13)

Figure 12. (a) HOMO&LUMO of [Cd (HDDPT) 2Cl2] (b).
HOMO&LUMO of [Hg (DDPT) Cl (H2O)] (C)HOMO & LUMO of [Zn
(HDDPT) 2Cl2]

Figure 13. Molecular electrostatic potential map for HDDPT.
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3.8. Antibacterial activity.
The data listed in Table 8 indicates that HDDPT exhibited the
potent activity against both +ve Gram bacterial stains only
exceeding that of antibiotic itself. On the other hand the title
complexes showed variable inhibition effect on the screened
bacterial strains. Zn inhibited the growth of Bacillus strain and
Streptococcus pyogenes, Cd inhibited the growth of all strains
except Klebsiella pneumoniae Strain and normally Hg (II)
complex inhibited all bacterial strains owing to its well-known
toxicity [44]. The negative results can be attributed either to the
inability of compound to diffuse through the cell membrane or
diffuse and deactivated by unknown cellular mechanism.It may be
concluded that the antimicrobial activity of the compounds is
related to cell wall structure of the bacteria. It is possible because
the cell wall is essential to the survival of bacteria and some
antibiotics are able to kill bacteria by inhibiting a step in the
synthesis of ptidoglycan. Gram-positive bacteria possess a thick
cell wall containing many layers of peptidoglycan and teichoic
acids, but in contrast, Gram negative bacteria have a relatively.

Thin cell wall consisting of a few layers of peptidoglycan can
surround by a second lipid membrane containing lipopolysaccharides and lipoproteins. These differences in cell wall
structure can produce differences in antibacterial susceptibility and
some antibiotics can kill only Gram-positive bacteria and is
infective against Gram-negative pathogens [45].
Table 6. Selected bond angles (°) of [Hg(DDPT)Cl(H2O)] using DFTmethod from DMOL3 calculations.
Angle
Degree(°)
107.843
H(40)-O(21)-H(39)
115.026
H(40)-O(21)-Hg(14)
110.022
H(39)-O(21)-Hg(14)
85.176
Cl(22)-Hg(14)-O(21)
104.083
Cl(22)-Hg(14)-O(9)
165.098
Cl(22)-Hg(14)-S(12)
83.789
O(21)-Hg(14)-O(9)
109.276
O(21)-Hg(14)-S(12)
81.725
O(9)-Hg(14)-S(12)
25.874
H(41)-S(12)-Hg(14)
80.708
H(41)-S(12)-C(11)
105.978
Hg(14)-S(12)-C(11)

Table 7. Calculated EHOMO, ELUMO, energy band gap (EH – EL), chemical potential (μ), electronegativity (χ), global hardness (η), global softness (S),
global electrophilicity index (ω) and softness (ϭ) for L and its complexes.
H-HOMO, L-LUMO
Compound
EH / eV
EL / eV
(EH-EL) /eV
χ / eV
µ / eV
η / eV
S / eV-1
ω / eV
ϭ / eV-1
-5.164
-2.491
-2.673
3.827 -3.827
1.336
0.374111485 5.480642069 0.74822297
HDDPT
-3.101
-2.936
-0.165
3.018 -3.018
0.082
6.060606
55.22026
12.12121
[Cd (HDDPT) 2Cl2]
-4.422
-3.205
-1.217
3.813 -3.813
0.608
0.821693
11.9497
1.643385
[Hg(DDPT)Cl(H2O)]
-3.163
-2.977
-0.186
3.07
-3.07
0.093
5.376344086 50.67150538 10.75268817
[Zn (HDDPT) 2Cl2]
Table 8. Antibacterial activity of HDDPT and its metal complexes in terms of inhibition zone (in mm).
Comp.

HDDPT
[Cd (HDDPT) 2Cl2]
[Hg(DDPT)Cl(H2O)]
[Zn (HDDPT) 2Cl2]
Ampicillin
Gentamycin
Ciprofloxacin

E. coli (mg/ml)
(-ve)
Diameter of
% Activity
Inhibit. Zone
index
(in mm)
NA
---11
44
19
76
NA
---25
100
NA
---NA
----

Klebsiella pneumoniae
(mg/ml)
Diameter of
% Activity
Inhibit. Zone
index
(in mm)
NA
---NA
---20
142
NA
---NA
---14
100
NA
----

Bacillus (mg/ml)
(+ ve)
Diameter of
% Activity
Inhibit. Zone
index
(in mm)
16
106
17
54
29
93
10
32
NA
---NA
---31
100

Sterptopyogenins
(mg/ml)
Diameter of
% Activity
Inhibit. Zone
index
(in mm)
29
161
22
180
35
19
18
150
NA
---NA
---12
100

4. CONCLUSIONS
Cd2+, Zn2+and Hg2+ complexes derived from 4, 4-dimethyl2,6-dioxo-N-phenylcyclohexanecarbothioamide (HDDPT) were
prepared and characterized by elemental analyses and
conventional spectroscopic techniques. IR data showed that
HDDPT ligand acts as OS bidentate and the complexes adopted
the molecular formulae; [Hg(DDPT)Cl(H2O)], [Cd (HDDPT)
2Cl2] and [Zn (HDDPT)2Cl2], respectively. An octahedral
environment was suggested for Zn2+ and Cd2+ complexes and a
tetrahedral arrangement for Hg2+ complex. The antibacterial assay

revealed a potent inhibition of HDDPT against the growth of both
+ve Gram bacterial stains Gram bacterial stains and a variable
activity of other complexes depending upon the bacterial strain.
The importance of such work lies in the possibility that the new
compounds might be more effective drugs against bacteria for
which a thorough investigation regarding the structure–activity
relationship, toxicity and in their biological effects which could be
helpful in designing more potent antibacterial agents for
therapeutic use.
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