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A NSO tridentate Schiff base ligand (E)-2-(5-bromo-2-hydroxy-3-methoxybenzylidene)-N-ethyledrazine-1-carbothioamide (L1) of

anew carbothioamide has been synthesized. Co?* and Ni** metal was introduced to tridentate Schiff base ligand to make coordination

complexes. Square planar complex of Ni** and octahedral complex of Co** metal-ions were formed respectively and compounds Na

[NiLCI] and Na [CoL(OH,),Cl] have been found under basic condition. Characterization of these compounds are done by on the basis

of melting point, FT-IR spectroscopy and UV-Visible spectroscopy. As the new complexes possesses azomethine(=C=N-) group so

they have potential biological activity. For antibacterial study the solution of complexes and ligand was applied against the bacteria

S. aureus and B. subtilis to find out their inhibition with bacteria.
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Introduction

Schiff bases are important in organic synthesis and have variety
of applications in various fields including medicine and material
science. In honour of Hugo Schiff, who was the first person to suc-
cessfully synthesized such chemical containing azomethines are
commonly named as Schiff bases [1,2]. As part of his dissertation,
he focused on the chemistry of aniline [3] while completing his
education in Gottingen under Friedrich Wohler [3]. Thiosemicar-
bazones typically exist in the thioamido form when they are in the
solid state. However, when they are in the solution state, they tend
to exist as an equilibrium mixture of the thioamido and thioiminol
forms. The pH of the medium that is being utilized for the reaction
has an effect on the thioamido-thioiminol equilibrium. Both the
neutral and the anionic forms of thiosemicarbazones are capable
of binding to the centres of metal ions.The thiosemicarbazones of
aromatic aldehydes and ketones form stable chelates with transi-
tion metal cations such as Co?, Ni** etc. and some p-block metal
cations by utilizing their both the sulphur and azomethine nitro-

gen as donor atoms [4]. The chelated complexes that can form,

such as Na [CoL(H,0),Cl], Na [NiLCI], etc. are also stable complexes.
Aliphatic aldehydes are unstable and readily polymerize, whereas
aromatic aldehydes, especially those with an effective conjugation
system, can form stable Schiff bases [5] When working with alde-
hydes rather than ketones (carbonyl carbon), it is easier to produce
Schiff base ligands [6]. Compared to Schiff bases containing alkyl
substituents, those containing aryl substituents are significantly
more stable and easier to synthesize [7]. Thiosemicarbazone has a
great concern as a derivative of Schiff base. [3] The thiosemicarba-
zones are thiourea derivatives and are synthesized by the conden-
sation of thiosemicarbazide with aliphatic or aromatic aldehydes
or ketones in acidic medium [8]. Due to the fact that they are able
to diffuse all the way through the semipermeable membrane of the
cell lines, it has been demonstrated that they possess a wide vari-
ety of biological activities, some of which are anticancer [9], antitu-
mor [10], antibacterial [11,12], antiviral [13,14], antimalarial [15]
and antifungal [16]. When compared to the ligand on its own, the
metal complexes have a greater degree of lipophilicity, which may

be responsible for the heightened impact. The complexes’ activi-
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ties are amplified when coordination sites are present inside the
complexes. These complexes have the potential to find additional
applications in the treatment of incurable diseases such as hepa-
titis, AIDS, and other similar conditions and in catalytic activity
[17,18]. As a result of this, there has been a lot of focus placed on
the structural and chemical features of thiosemicarbazones and
the metal complexes that they form [19-23]. Also, the pharmaco-
logical activity is correlated to the fact that they can reduce oxy-
gen. It has been discovered that the biological activity is dependent
on the parent aldehyde or ketone [24-26], and that it significantly
increases when bulky groups are present in the N4 position [27].
When compared to the free thiosemicarbazone ligand, the activi-
ties that can be observed in metal complexes of thiosemicarba-
zones are frequently superior. Their activity against fatal diseases
like cancer and aids encouraged us to synthesize such type of novel
Schiff base compound base ligand (E)-2-(5-bromo-2-hydroxy-
3-methoxybenzylidene)-N-ethyledrazine-1-carbothioamide (L)
and their complexes with Ni**and Co?* metal ions Na [NiLCl] and
Na [CoL(OH,),Cl] respectively. In this report we've tried to study

and report their biological activity and theoretical study.

Experimental
Materials and Methods
Materials

The chemicals which were used 5-bromo-2-hydroxy-3-me-
thoxybenzaldehyde, Ethylisothiocyanate, hydrate,
[Co(CI),.]6H,0, [Ni(Cl),].6H,0 were obtained from Sigma-Aldrich

and Merck chemical company. Other chemicals used for the syn-

Hydrazine

thetic process NaOH, Glacial acetic acid was used without further
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5-bromo-2-hydroxy-3- N-ethylhydrazinecarbothicamide
‘ methoxybenzaldehyde
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purification and also purchased from chemicals supplier company.
The solvents Diethyl-ether, Ethanol, Methanol, DMSO, n-hexane etc.
were used to carry the reaction in research project purchased from

Merck compony.
Methods

The IR spectrums were recorded by FTIR spectrophotometer,
IR Prestige-21, Shimadzu Corporation, Japan, at department of
chemistry, Shahjalal university of Science and Technology, Bangla-
desh using KBr as background. The Spectra were recorded from
4000 cm™ to 400 cm™ with a resolution of 8 Cm™. The UV-visible
spectra were recorded on UV-visible Spectrophotometer (UV-1900,
Shimadzu) in DMSO solvent. Gallenkamp electro thermal melting
point apparatus was used to record the melting point of the ligand
and the complexes. The heating was done carefully to ensure a

steady rise of temperature.

Synthesis of ligand and complexes
Synthesis of ligand (L1)

About 1.0 gm (4 mmol) of 5-bromo-2-hydroxy-3-methoxybenz-
aldehyde was dissolved in 10 ml methanol, 0.5 ml of glacial acetic
acid was added and refluxed for 30 min. Then 0.476 gm (4 mmol)
of N-ethylhydrazinecarbothioamide in 10 ml methanol was dis-
solved and added dropwise with stirring with the aldehyde solu-
tion. The resulting light-yellow solution was refluxed for 4 hours
with continuous stirring. Yellowish precipitate was formed. It was
then allowed to dry in a desiccator. Physical state: Crystalline solid;
color. Yellow; M.P: 161-165 °C.

H H H
C N /_\\ /N\

N '|3 C,H;
OH 5

OCH;,

(E)-2-(5-bromo-2-hydroxy-3-methoxybenzylidene)}-N-ethylhydrazine- 1-carbothicamide

Scheme 1: The scheme shows the rout of synthesis of (E)-2-(5-bromo-2-hydroxy-3-methoxy benzylidene)

-N-ethyledrazine-1-carbothioamide.
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Synthesis of Na [CoL(H,0),Cl]

About 0.3 mmol (0.096 gm) of the ligand was dissolved in 20
ml methanol and 0.2 mmol of NaOH in 10 ml methanol was also
added into it and the solution was refluxed for 30 minutes. The
color of solution turned to yellow. A solution of 0.3 mmol (0.071g)
of Co(Cl),.6H,0 in 10 ml methanol was dissolved added dropwise
with stirring to the ligand solution. The resulting solution was
turned to deep brown. The resultant solution was refluxed for 24
hours. A deep brown precipitate of metal complex formed and fil-
tered it out. The crude products were washed with methanol and n-
hexane then purified and collected. Color: Chocolate brown. Physi-

cal State: powder Melting Point: >300 °C.
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Synthesis of Na [NiL(Cl)]

About 0.2 mmol (0.064 gm) of the ligand was dissolved in 20
ml methanol. Then 0.2 mmol of NaOH in 10 ml methanol was also
added into it and the solution refluxed for 30 minutes. The solu-
tion was turned to yellow. A solution of 0.2 mmol (0.0259 gm) of
Ni(Cl),.6H,0 in 15 ml methanol was dissolved and added dropwise
with stirring to the ligand solution. The solution color was changed
to deep yellow gradually. The resulting solution was refluxed for
24 hours with stirring. Yellowish precipitate of metal complex was
formed. The product was filtered off and washed with methanol
and n-hexane. The crude product was purified and collected. Color:
Yellow. Physical State: Powder. Melting Point: >300 °C.
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Scheme 2: The reaction scheme for the synthesis of Na[CoL(H,0),Cl] metal complex.
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Scheme 3: The reaction scheme for the synthesis of Na[NiL(Cl)] metal complex.

IR spectra

The FTIR spectrum is very important to find out whether the
compound is formed or not; or it have any impurities. The broad
band in the 3317 cmin the spectrum of ligand (L) and 3143 cm™
due to N-H and O-H vibrations respectively. The Imine bond (=C=N-
) peak which is very significant to identify the Schiff base appeared
at 1612 cm™. The formation of metal complexes by the ligand and
metal salts were indicated by some noticeable changes in the IR
frequencies of -OH, C=S and C=N vibrations. In the spectrum of the

free ligand the O-H absorption was at 3143 cm™ which was found

absent in the frequency of the nickel complex but a broad peak
was found in the spectrum of cobalt complex due to its octahedral
structure. Most likely due to oxygen metal (0-M) bonding. This
indicates the coordination of phenolic oxygen with the metal ions
for all complexes of Cobalt and Nickel [28]. The other important
observation is the shift in the C=S vibration lower by 40-60 cm™ in
the complexes [29] due to bonding to metal with lower frequen-
cies than ligand at 1161cm™.The C=N vibration at 1612 cm™ in the
free ligand is shifted to lower frequencies for the complexes. The
frequency of C=N to 1597 cm™ and 1612 cm! for cobalt and nickel
complexes [30-32].
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Figure 1: FT-IR spectra showing differences between ligand
(L) and Metal complexes.
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UV-visible spectra

The UV-visible spectra (Figure) presents important information
about complexes with comparison to ligand. The ligand only itself
shows intense broad band at 355 + 5 nm with a small shoulder at
265 nm for n—>m* and m—1* transitions respectively of the azome-
thine C=N bond [33]. The spectra of complexes show intense broad
band at 400 + 10 nm due to metal to ligand charge transfer transi-
tion [34-35]. The m—m* transition for the azomethine C=N of the
complexes found at lower energy at 310 + 10 nm, the m—m* transi-
tion due to the aromatic ring [36,37] appears at higher energy and

exhibit an intense broad band in the region of 255 + 5 nm.

v(N-H) | v(O-H) |v(-CH3) | v(C=N) |v(C=C Ar.)|v(CH3 bend) | v(C=S) | v(C-N) | v(N-N) | v(C-S)
Compound /Cm?* | /Cm?' | /Cm? /Cm? /Cm? /Cm? /Cm?* | /Cm' | /Cm? | /Cm?
Cﬁ;‘:gﬁ?g;‘rﬁ?dee 3348 | - 1543 1273 | 1087 | 1087 | -
Ligand(L1) 3317 3143 2970 1666 1543 1442 1203 1072 1118
[CoL(OH),CI] 3414 1597 1631 1597 1035 1165 1165 650
[NiL(CD)] 3780 1612 1450 1118 1311 979 671
Melting point
4.5 - — L1-Co The melting point of aldehyde is (125-127)°C and N-ethylhy-
404 IT_F;E_CNuirsor(PU drazinecarbothioamide is observed between (200-215)°C but the
— Ligand(L) Schiff base ligand melting point is between (161-165)°C. So, a new
337 product could be formed. Both Complexes Na [CoL(OH,),Cl] and Na
© 3.0 7 [NiL] have the melting point between (310-325)°C.
5 23- . N
e Solubility and stability
% 207 Schiff bases having aryl groups can be synthesized more stable
1.5 4 and easily due to the electron addition of the imine bond through
1.0 - ring conjugation, while those containing alkyl substituents are rel-
05 atively unstable, synthesized in a long time, and polymerization is
observed. As our carbothioamide has ethyl groups which is small
0.0 T ' T ' T ' T " T " ! and less bulky so our ligand is not very much stable and ligand
300 350 400 450 500 550

wavelength

Figure 2: UV-Vis spectra of Ligand (L1), precursor and metal

complexes.

is soluble I almost all solvent but the complexes are very stable
they have fond only soluble in DMSO. The UV data of complexes
also taken by dissolving them in DMSO (Di-methyl sulfoxide) with
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two hours interval and they are UV spectrum was same like before

which indicates the complexes are very stable.

Solvent DMSO Methanol Hexane | Diethyl ether

Carbothioamide

v X v

v
Ligand(L1) \/ V x
(L1-Co) \/ X x

X X <

(L1-Ni) \/ x x

Table 2: Solubility of synthesized products.

Antibacterial activity

In agar well diffusion test, the visible of clear zone around the
disk containing Co and Ni complexes showing that the Co and Ni
complexes possessed antibacterial activity which is able to inhibit
the growth of only Staphylococcus aureus and Bacillus subtilis. The
visible clear zone Created Co and Ni complexes by against Staphy-
lococcus aureus and Bacillus subtilis is showed in Figure 3. For the
bacterial inhibition test 100 ppm solution of each complex was

made.

Staphylococcus

aureu Bacillus subtilis

Figure 3: In vitro antibacterial activity of L1-Co and L1-Ni against

two multidrug resistant bacterial superbugs.
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Compound | Staphylococcus aureus Bacillus subtilis

L1-Co 15 16

L1-Ni 16 17

Table 3: Zone Of inhibition (mm).
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