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ABSTRACT: The binuclear Hg(ll) complex of N,N'-(2,2'-(2-benzylmalonyl)bis(hydrazine-1-
carbonothioyl))dibenzamide (H,BPCD), which derived from the combination of 2-benzylmalonohydrazide suspension
with benzoyl-isothiocyanate, have been isolated and investigated by the necessary analytical and spectroscopic
techniques. The IR studies show that H,BPCD disposebi-negative tetradentate O S donor via two thione S of (C=S)
group and two deprotonated enolic (C-O) groups in the prepared complex. Biological studies of minimum inhibitory
concentration and in vitro determination of SOD-like activity were tested for the ligand and its complex.
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ILINTRODUCTION

The N-, O- and S- containing ligands of dihydrazide derivatives that can chelate with two metal ions have become
important because of symmetric and asymmetric binuclear complexes exhibited a variety of stereochemistries and
bonding behaviors and that produce diverse structures and properties [1-3]. Several studies have been carried out on the
binuclear complexes because the flexible separation part of the metal ion in the molecule have several interesting
applications like creation of supramolecular structures to mimic metalloproteins [4], DNA binding, specific and
selective catalysis [5, 6], sequestering of metal ions and other of both biological and industrial applications. In vitro and
in vivo tests [7] proved dihydrazides to be non-genotoxic, anti-inflammatory, antioxidant and anticancer activities [8-
10]. Also, their derivatives in the field of analytical chemistry used as reagents for specific chemical separations [11-
13], spectrophotometric micro determination of some metal ions [14-16] and used for polymer industry [17, 18].
Furthermore, luminescent compounds are very interesting because of their many applications for photocatalysis [19-22].
In order to share to these studies we have prepared N,N'-(2,2'-(2-benzylmalonyl)bis(hydrazine-1-
carbonothioyl))dibenzamide (H,BPCD) and its Hg(ll) complex. We apply geometry optimization (using Materials
Studio package [23]) and conformational analysis to the H,BPCD and all their possible structural isomers and have got
the more stabilized. The proposed structures were upheld by DFT molecular modeling. Other studies carried out such
as spectroscopic (IR, UV-vis,"H and *C NMR) and biological (MIC efficacies and SOD-like activity).

1. EXPERIMENTAL
A. Materials and Instrumentation.

The diethyl 2-benzylmalonate and hydrazine were purchased from Cambrian and Fluka and used as received. The
analysis of C, H and N is carried out with a “Perkin—Elmer 2400 series Il analyzer”. The metal and chloride contents in
prepared complex were determined by traditional methods [24]. “Fisher-Johns melting point apparatus” is used for
melting points (°C) determination and are uncorrected. The *H and **C NMR spectrum of H,BPCD at room temperature
was recorded on a Varian Gemini spectrometer (400 MHz) in d®-DMSO at Faculty of Science, KafrElsheikh University
using tetramethylsilane as an internal standard. IR spectra (4000—400 cm™) with KBr discs were recorded on a Mattson
5000 FTIR spectrophotometer, at Mansoura University. The electronic spectra of the complexes have been measured in
the range 200-900 nm in DMSO solution on a Perkin Elmer Lamda 25 UV/Vis Spectrophotometer, at Mansoura
University.
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B. Synthesis of H,BPCD

The ligand was prepared in two main steps: Stepl, by mixing 1: 2 molar ratio of diethyl 2-benzylmalonate (2.35 g,
0.01mol) and hydrazine (0.486 g, 0.02 mol) with stirring for 2 minutes then adding 30 ml ethanol to the mixture
followed by reflux for 2-3 h, then the contents were poured in a beaker and left overnight. The solvent is removed by
filtration and the residue washed by diethylether. Step2, suspension of the result compound (2-benzylmalonohydrazid)
(2.0891 g) in ethanol (15 ml) was added to ethanolic solution of 2.7 ml benzoyl isothiocyanate and refluxed for 3-4 h,
then the precipitate (H4BPCD) washed by diethyl ether after filtration.

At the end of each step, the result compound was desiccated over anhydrous CaCl, and checked by TLC. The melting
points of the hydrazide and H,BPCD (structure 1) found to be 167 and 220 °C, respectively.

Structurel: Molecular modeling of H4BPCDgy
C. Synthesis of Hg(Il) complex.
The chloride salt of mercury (1.02 mmol) dissolved in hot ethanol (30 ml) and then added to a hot ethanolic suspension
of H,BPCD (1.02 mmol). The contents were refluxed for 4 h. The fine formed precipitate was filtered and washed with

ether and then desiccated over CaCl,. The complex powder give yield of 90%, and the proposed structures are
supported by analytical and spectroscopic data (Table 1).

Table 1.Analytical and physical data of H,BPCD and its metal complex.

M.p.; % Found (Calcd.)
Compound M.wt. | Colour °c v i c H N Yield%
(H.BPCD) . 62.05 | 4.45 | 1554
CosH2N6O,S, 548.64 | White | 220 | — | (6299) | 4.22) | 15.32) | P
[Hg2(H,BPCD)CI,(H;0),] . 3812 | 652 | 2958 | 291 | 7.95
CaeHasHgoNsO:S, 1054.73 | Paige | 280 | ag04) | (672) | (20.61) | 248) | (o) | ¥°

D.Computational details

So as to get insight to the structural stabilities of the prepared compounds, DFT calculations with periodic boundary
conditions were performed with the DMol®[25] code, using Materials Studio package [23]. All the functions were used
in conjunction with the precise double numerical plus polarization basis set DNP which is overweight the accuracy of
that Gaussian basis set [26]. The RPBE functional [27] is so far the best exchange-correlation functional [28], in the
light of the generalized gradient approximation (GGA), is utilized to assess the exchange and relationship effects of
electrons. The geometric optimization is done with no symmetry limitation.

E. Biology

1. Minimum inhibitory concentration (MIC)
The potencies of H,BPCD and its complex as antibacterial and antifungal were examined by diffusion method of agar
and potato dextrose, respectively [29]. The examination was carried out in DMSO at 100, 200 and 500 pg/ml by using
two bacteria (Escherichia coli as Gram-negative bacteria and Staphylococcus aureus as Gram-positive bacteria) and
one fungi (Candida albicans) by the MIC method [30]. These bacterial strains were incubated for 24h at 37°C while
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fungi strain was hatched for 48h. at 37°C. The Ampicillin and Clotrimazole as standards were utilized for examination
at the same conditions. Efficacy was estimated by diameter measuring of complete inhibition zone (mm).

2. Antioxidant activity (Determination of SOD-like activity)
Free ligand (H,BPCD) and its complex were investigated for superoxide dismutase (SOD)-like activity using well-
known method [31]. The solutions of H,BPCD and/or its isolated complex were prepared in DMSO. The response was
started by phenazine methosulfate (PMS) addition, and the expansion in absorbance at 560 nm was recorded by the
spectrophotometer for 5 minutes. For relative purposes, the activity of native L-Ascorbic acid has also been resolved .

I11. RESULTS AND DISCUSSION
A. IR Spectra of H,BPCD and its metal complex
The IR spectral data provide us by the valuable information regarding functional groups. The main characteristic
frequencies of H,BPCD (Figure 1a) and its Hg(ll) complex (Figure 1b) are summarized in Table 2. Because the

symmetrical nature of both sides in the ligand and complexes, one absorption band is observed for most of the
functional groups except when the environment varies because of chelation.

Table 2: Assignment of the IR spectral bands of H,BPCD and its metal complex.

Compound v(OH) | v(C=N); | W(C=0); | v(C-0); | 8(C=S) | V(C=N)," | v(C=C) | v(N-N) | v(NH), | v(NH),
H,BPCD 3223 1602 1687 1252 850 - 1527 980 3191 3061
[Hgz(H,BPCD)Cl,(H,0),] - - - - 891 1564 1494 1002 | 3196 3060

The ligand exhibits broad band of medium intensity at 3223 cm™ assigned for v(OH) and sharp intense band at 1687
cm™ may be due to overlapping of v(C=0); and v(C=0), bands. Appearance of v(C-O) band at 1252 cm™ in addition of
two mentioned bands pointed to the presence of H,BPCD in the two forms (keto and enol) which confirmed also by *H
and *C NMR spectral analysis. The vibrations of (NH), and (NH), lies at 3191 and 3061 cm™ and the band at 1602 cm
! referred to v(C=N); [32, 33].

The v(C=0), v(C=N); and v(OH) bands have been disappeared in the IR spectrum of Hg(Il) complex (Structure 2). The
8(C=S) band undergoing blue shifted in the prepared complex due to the sharing in coordination. Because of
enolization of (C=0), group and coordination from deprotonated (OH) group, new v(C=N)," vibrational band has been
appeared clearly in the Hg(ll) complex at 1564 cm™. Stretching vibration band of (N-N) bond shifted to upward in the
metal complex due to involvement of neighboring (C=S) group [34]. The medium band of v(NH), vibration remains
unaltered in Hg(II) complex confirming the suggested structure for the complex. In addition, v(NH), appears around
the region of 3060 cm™ confirming un-participation in the chelation. The new low frequency non-ligand bands at 531,
456 cm™ were assigned to v(M-Cl) [35] and v(M-O), respectively.

O
Cl

HZO’Hg\/‘u \N 3*\H /on
=~
w o

N=—
HN— 1

(6]

Structure 2: The 2D structure/3D molecular modeling of [Hg,(H,BPCD)CI,(H,0),] complex.
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Figure 1

B . 'H and **C NMR Spectra of the H,BPCD.

The *H NMR spectrum of H,BPCD (Figure 2a) shows three singlet signals at = 10.17, 11.19 and 11.81 ppm relative to
TMS that disappear upon deuteration. These signals attributed to (NH), , (NH), and (OH) protons respectively [36, 37].
The signals of NH groups appeared in high downfield frequencies because of formation of two hydrogen bond between
N(36)-H(81) and N(11)-H(48). Appearance of (OH) signal at high frequency is additional evidence that the ligand
present in enol form. The multiplets at 7.15-7.95 ppm belong to the protons of phenyl ring [38]. Doublet and triplet
signals at 3.15- 3.20 and 3.92-3.98 ppm refereed to (-CH,) and (-CH) groups respectively.
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a) 'H NMR spectrum of H,BPCD. b) 'H NMR spectrum of Hg(ll) complex.
p
Figure 2

In the "HNMR spectrum of Hg(ll) complex (Figure 2b), the (OH) signal was disappeared which confirm that ligand
coordinated to metal in the enol form with deprotonation. Moreover, the signal of (NH), appears at 11.63 ppm [39] and
the signal of (NH), appears at 12.01 ppm. Finally, phenyl protons assigned in the range of 6.93-7.53 ppm, doublet
signals of (-CH,) group observed around the range of 3.63-3.67 ppm and triplet signals of (-CH) group appears in the
range of 3.06-3.07 ppm.

The **C NMR spectrum of H,BPCD (Figure 3) shows two signals belong to (C=0); and (C=0), groups appear at 6=
172.01 and 164.55 ppm, and also a signal at 6= 175.45 ppm assigned to (C=S) group. The aromatic carbons were
observed at 6= 126.92-138.66 [40]. Moreover, appearance of carbon resonance signal of (N=C-OH) at 168.68 in
addition of (C=0); signal suggest the presence of keto-enol tautomer of in solution.
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Figure 3: *C NMR spectrum of H,BPCD.

The ligand H,BPCD shows two intense bands around 307 nm (32573 cm™) and 342 nm (29240 cm™) in DMSO
solution, because of the intramolecular transitions (7—*) and (n—7*) respectively.

D. Molecular Modelling with DFT method:

1- IR

Frequency calculation analyses have been performed for H,BPCD possible forms in order to ensure the most prevalent
form/forms. The little difference between that experimental wavenumbers and the calculated one is may due to that the
experimental wavenumbers were carried out for solid samples, while the calculations were processed in a vacuum for a
free molecule as shown Table 3. It was found that the values of wavenumbers of calculated frequencies are with good
agreement with experimental one, especially combination with the two graphs of form 1 (enol form) and form 3 (keto
form) which confirm the presence of the two forms in the solid form of the title compound.

Table 3: Theoretical IR comparison of H;BPCD possible forms.

Compound V(O-H)|v(C=N)1|v(C-0) [3(C=S)|v(C-S) [v(S-H) | v(C=0)1 |v(C=0)2|v(C-0); |[v(C=N)* [v(C=C) [(N-N) | v (NH)a | v(NH)p,
hiBRCD 3223 | 1602 | 1252 | 850 | - . - | 187 | - - | 1527 | 980 | 3196 | 3061
(experimental)
HaBPCDeroi forml | 5195 | 1605 | 1266 | 851 | - ; ; 1657 | - ; 1527 | 981 | 3195 | 3061
(theoretical)

HiBPCD form2 | 00 | 1619 | 1250 | 843 | - . . - | 1335 | 1585 | 1521 | 977 | 3177 | 3062
(theoretical)
H4BPCDiat, form3 ; - | sag | - - | 1740 | 1680 | - ; 1524 | 981 | 3182 | 3065
(theoretical)

HaBPCD formd | 0509 | 1629 | 1268 | 855 | 1110 | 1229 | - 1630 | 1366 - 1516 | 986 | 3167 | 3098
(theoretical)

H4BPCD forms ; ; - | 1126 | 1259 | 1783 | 1668 | - ; 1515 | 958 | 3193 | 3086
(theoretical)

The corresponding graphic (Figure 4) described harmony between the experimental and theoretical wavenumbers since
the relations between them are linear and can be expressed by the next equations:
For the enol form1lv., = 0.99425 v,,, + 11.352 with correlation coefficients X (R? = 0.99977).
For the keto form3v,, = 1.01121v,,, + 23.899 with correlation coefficients x (R* = 0.99918).
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Figure 4: The linear regression between the experimental and theoretical frequencies of H,BPCD a) for keto form3 and b) for enol
forml.

2- Geometry optimization with DFT method for ligand and its possible forms

The DFT/DMoL® method has been used for a complete study of the molecular structures of all the possible
conformations of H,;BPCD (Structures 3) in order to obtain their stability order according to the calculated energy
components (Table 4). It was found that H,BPCD form1 has the lowest total energy and highest binding energy which
mean that form1 is the most stable conformation.

H/BPCD form (1) H.BPCD form (2) H.BPCD in form (3) H.BPCD form (4) H.BPCD form (5)

Structure 3: structure of possible conformations of H,BPCD

Table 4: Energy component (kcal/mol) of possible forms of H,BPCD and its Hg(ll) complex.
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Energy components (kcal/mol) Binding
Compound — . Energy
Sum of atomic Kinetic  Flectrostatic  Exchange- Spin Total (keal/mol)
energies energy correlation polarization
Energy energy energy Energy

HBPCD form (1) -1518200.4  -11886.38 -173 2807.0 22332 -15258777 -G86390
HLBPCD form (2) -1518833.5  -11662.2 -548.4 28771 22879 -1525064.3 -7044.2
HLBPCD form (3) -1517567.4  -12200.4 3821 2744 8 21784 -1524262.6 -6695.2
HBPCD form (4) -1517567.4  -118633 2602 27309 2178 4 -15242469 -6679.6
Hg(IT) complex -107462.1 -5151 -40.6 136.12 358 -80124 8 -3258

E. Biological studies: 1. Determination of minimum inhibitory concentration (MIC)

The H,BPCD was initially evaluated for in vitro antibacterial activity against G+ve and G-vebacteria and fungal using
Broth method [41]. Standard antibiotic namely Ampicillin and standard antifungal drug Clotrimazole were applied as
reference drugs. It was found that H,BPCDshow high activity against all organisms (Table 5).

Table 5: Minimal inhibitory concentration (MIC, pg/mL) of the newly synthesized compounds.

Compound E. coli S. aureus C. Albicans
Ampicillin 125 93.7 —-
Clotrimazole 58
H.BPCD 187.5 125 23.4

1. Antioxidant activity (Determination of SOD-like activity)

Within a cell, the superoxide dismutases (SODs) constitute the first line of defense against ROS [42]. Therefore, SOD
mimics have these great attention potential pharmaceutical agents for treating such diseases. A significant SOD-like
activity was observed for H,BPCD as represented in table 6, with inhibition percent 77.3%.

Table 6: Superoxide (SOD)-like activity of H,BPCD and its metal complex as antioxidative enzyme.

Compound A through 5 min % inhibition
Control 0.468 0%
L-Ascorbic acid 0.101 78.4%
H,BPCD 0.106 77.3%

% inhibition = (AControl- ATest/AControl)x100

IVV. CONCLUSION AND FUTURE WORK

In this study the vibrational analysis, *H NMR and C™NMR spectra of a newly synthesized N,N'-(2,2'-(2-
benzylmalonyl)bis(hydrazine-1-carbonothioyl))dibenzamide (H,BPCD) compound and its binuclear Hg(ll)complex
have been studied and characterized. The spectral analysis confirmed the presence of both forms (keto and enol) of

Copyright to IJARSET Www.ijarset.com 6272


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of AdvancedResearch in Science,
Engineering and Technology
Vol. 5, Issue 6, June 2018

H,BPCD. A tetrahedral geometry was proposed for the Hg(ll) complex. The optimized geometries have been
calculated by using DFT/DMol® method with DNP basis set. The comparison of theoretical vibrations of H,BPCDwith
experimental data showed a good agreement. The parent compound exhibited high antimicrobial activity and SOD-like
activity. Since of the H4BPCD compound is good candidate for future pharmacological studies the obtained results will
be useful in their use in these areas.
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