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ABSTRACT:

As a result of the interaction between phenyl isothiocyanate
and phenylhydrazine, a ligand known as N,-(2-diphenyl)
Thiosemicarbazide (L) may be produced. Metallic complexes of the
forms [M(L)2CI2] (M= Cu(ll) square planer) and (Hg(ll) and Zn(ll),
Cd(Il) tetrahedral) were produced by the mixing reaction of the
ligand (L) with metal salts MCI2, where M= Cu(ll), Hg(ll), Zn(ll),
and Cd(Il). The melting point, micro-elemental analysis, infrared,
ultraviolet-visible spectroscopy, 1H NMR, 13C NMR, conductivity,
and magnetic susceptibility measurements were all used to
characterise each and every complex that was synthesised. The
well-diffusion technique was used to investigate the biological
activity of the ligand (L) and its metal complexes on gram-negative
bacteria Klebsiella pneumonia and Escherichia coli as well as gram-
positive bacteria Staphylococcus aurous. It was discovered that the
ligands and complexes were sensitive.

Key Words: Thiosemicarbazide derivative, transition metal
complexes, biological activity.

INTRODUCTION:

Thiosemicarbazones of aromatic and heterocyclic aldehydes [1] and their
complexes with many binuclear transition elements is well explored [2]. In
addition, it has been discovered that they possess a wide variety of biological
activities, and they are now well established as an important class of
sulfur/nitrogen donor ligands [3] because of their ability to exhibit diverse
biological activities [4]. Antimicrobial characteristics are included among these

activities, in addition to other activities that are relevant to industry [5].
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In this study, we generated a thiosemicarbazide by reacting
phenylisothiocyanate with phenylhydrazine. Additionally, a variety of metal
complexes of copper (I1), mercury (Il), cadmium (Il), and zinc (IlI) were

synthesised, described, and tested for their biological activities.
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Phenylisothiocyanide phenylhydrazine N,N-(2-diphenyl) thio semi carbazide

REAGENTS AND STARTING MATERIALS:

The phenylisothiocyanate and KBr that were used in this experiment were
obtained from Fluka AG. ZnCIl2 and acetone were manufactured by Merk.
Methanol, as well as the chemicals CuCI22H20, HgCI26H20, and CdCI2.4H20,
are provided by BDH. Riedel was the vendor for the acquisition of DMSO and
phenylhydrazine.

Preparation The Ligand:

In order to produce the thiosemicarbazides, phenylisothiocyanate (25
mmol) was combined with phenylhydrazine (25 mmol) while the mixture was
being carried out in the presence of ethanol (20 mL). At room temperature, the
reaction mixture was stirred continuously for one hour while it was held. After
obtaining the solid, it was filtered, and then was washed with ice-cold ethanol
[5].

General Procedure for Preparation of Metal Complexes:

The warm ethanolic solution of the ligand and the solution of the metal
salts were combined in the stoichiometric proportion of 1:2, which is the ratio of
metal to ligand for all divalent metal ions. After the formation of the precipitate,
the solution combination was allowed to cool in an ice bath to ensure full
precipitation. After being filtered, washed with ethanol and diethyl ether, dried
in an oven, and finally chilled in a desiccator over CaCl2, the product was

obtained. (You will get 85% of it).
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Biological Activity:

The biological activity of the ligand, denoted by "L," as well as the metal
complexes of the ligand were investigated and quantified. The well-diffusion
approach was used for the in vitro antibacterial screening that was carried out
[6]. During the screening process, the gram-negative bacteria Klebsiella
pneumonia and Escherichia coli as well as the gram-positive bacteria
Staphylococcus aurous were used as bacterial species [7].

Physical Measurements:

The (stuart digital melting) point instrument was used to conduct the
melting point measurements. A (T60 UV/Vis) spectrophotometer was used to
detect the electronic spectra of the ligand as well as the complexes while they
were dissolved in DMSO. On a (Shimadzu) infrared spectrophotometer, the FT-
Infrared spectra of the ligands and complexes were recorded in the (400-4000)
cm-1 range. Utilizing a Perkin Elmer-2400 CHNS analyzer, elemental analysis
was performed. The conductivities of the complexes were measured using a
conductometer type (Cond. 720) conductivity metre while they were dissolved in
DMSO. The magnetic data were acquired using a Guoy technique auto magnetic
susceptibility balance.

Infrared Spectroscopy:

A unique absorption band can be seen in the FT-IR spectra of the ligand
(L) (Fig. 1) at 3167 (N-H) stretching, 1542 (N-H) bending, 1198 (C-N) stretching,
and 1070 (C=S) cm -1 [8]. The infrared spectra of the Cu(ll) (Fig. 2), Hg(ll), and
Cd(Il) complexes reveal bands at 3225, 3210, and 3220 cm -1 respectively. These
bands have been pushed to higher frequencies, which is indicative of the creation
of a link between the metal and the nitrogen atom in the hydrazinic group. As a
direct result of this, the frequency of the bending of the N-H bond and the
stretching of the C-N bond increased. While the complex of Zn(ll) shows a band
at 1002 cm -1 that is ascribed to (C=S), its shift to lower frequencies is detected,
and this shift is given to a bond with an atom of sulphur. Despite the fact that
the new bond at (493- 491), (392- 376), and (432) cm-1 for (M-N), (M-CI), and (M-
S) respectively [9-15]. The IR data of the newly synthesised ligand as well as its

metal complexes may be found in table below (1).
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Tablel: Selected IR bands and electronic data of the ligand and its
metal complexes (cm-1).

Band
absorption £ w S 2 e -
No. | Compound Assignment r;ril Z ':; f T 5 ’_.-‘ Add;:l?:al
em? | nm e = ) =z =2 P
Ligand (L) 4‘]““" 250 3167 1542 1070 1198
3508 | 285 uw(M-N)
: . 7 460 | Intraligand < 491
: 2 5 555
1 [Cu(L),Cl,] 2739 CT 1.82 322 155 1066 | 1191 (M-Cl)
0 392
v(M-N)
¥ 3508 2 490
2 |Hg(L).Cl;) 7 285 C.T. 0 3210 1562 1072 1207 o(M-CI)
383
vw(M-8)
" " 4081 - g 432
3 [£n(L),Cl;) 6 245 C.T. 0 3173 1541 1002 1197 »(M=Cl)
394
v(M-N)
. . 3367 493
4 |Cd(L):Cl] 0 297 C.T 0 3220 1555 1072 1209 o(M=Cl)
376
ELEMENTAL ANALYSIS:

The results of elemental analysis performed on the artificially produced

ligand and its metal complexes are shown in (table 2). They are compatible with

the stoichiometries that have been proposed, and the findings were found to be in

a good agreement with the estimated values, in addition to the spectroscopic
techniques (IR), (UV-Vis), and (1H, 13C) NMR. In addition, the colour of the

synthesised ligand as well as the melting temperatures of its metal complexes

are presented in (table 2).

Table 2: Color, melting point, elemental analysis and conductivity data

for the synthesized thiosemicarbazide metal complexes

Laor (C rF or’:dd)*:/ @« s r
4 T ; alculated) % Lm.mo
No. Compound Yield % M.P(C T % H % N % S % .]
Ligand (L) 35 White 46.54 343 21.58 9.27
(182) (46.70) (3.62) (20.95) (9.59)
1 [Cu(L),Cls] 7 Dark- green 39.10 2.73 17.93 8.20 14.6
(193) (38.95) (3.02) (17.48) (7.98)
P [Hg(L),Cl,) White 33.36 2.36 14.68 6.35 9.5
69 (170) (33.19) (2.57) (14.90) (6.80)
3 [£n(L)5Cl,] Brown 30.24 1.95 13.37 6.10 12.6
82 ( 295) ( 30.16) (2.34) (13.5) (6.19)
4 [Cd(L),Cls] Brown 39.00 2.97 17.30 8.24 9.7
68 (106) ( 38.89) (2.76) { 17.44) (7.99)
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Molar Conductivities:

The molecular conductivities of all of the synthetic complexes are given in
(table 2). When these observed values are compared with known molar
conductivities [16], it reveals that they are not electrolytes, and it also
demonstrates that the suggested formula for them [17] is accurate.

Magnetic Susceptibility:

Because the magnetic susceptibility of the Cu(ll) complex is 1.73 B.M., a
square planer shape may be inferred around Cu(ll) [18]. The magnetic
susceptibility of Hg(ll), Zn(11), and Cd(I1) complexes are all zero, which indicates
that they are diamagnetic as predicted. It is also plausible that these complexes
have tetrahedral structures and have tetrahedral arrangements around their

metal centres [19].

BIOLOGICAL ACTIVITY:

The biological activities that were assessed for the ligand (L) and its metal
complexes are presented in this order. There is no evidence that Klebsiella
pneumonia can survive in the presence of the ligand (L) or any of the metal
complexes [20]. Complexes 1 and 4 are the only ones that are susceptible to the
Escherichia coli bacteria, whereas the other complexes are immune to it.
Complexes 1 and 3 are the only ones that are susceptible to the Staphylococcus
aurous bacteria, while the other complexes are resistant. On the basis of the
Overtone idea and chelation theory [21], one may explain how the metal
complexes were able to exhibit such an enhanced level of activity. According to
the overtone concept of cell permeability, when a metal ion is chelated, the
polarity of the metal ion is significantly reduced as a result of the overlap of the
ligand orbital and the partial sharing of the positive charge of the metal ion with
donor groups. This results in an increase in the delocalization of electrons over
the entirety of the chelate ring, which in turn improves the complex's
lipophilicity. As a consequence of this, the complex is able to more easily
penetrate the lipid membrane of the microbe, and it is able to block the metal

binding sites on the enzymes of the microorganism [22].
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Figure 1: Proposed chemical structure of ligand-metal complexes (L).

The following structures are postulated for the synthesised metal

complexes based on the results of elemental analysis, infrared and ultraviolet-

visible spectroscopy, conductivity, and magnetic susceptibility measurements.

These structures are shown in figure 1.
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