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ABSTRACT
Nitromethane (1) upon treatment with Carbon disulfide (2) under ice cold condition in presence of dry methanol/Potassium hydroxide gave
dipotassium salt of nitroketene dithioacetal (3). Further treatment of dipotassium salt (3) with transition metal zinc furnished NKDA-Zn complex
(4). The structure of the synthesized complex was characterised using UV, IR, 1H, 13C-NMR spectral, X-Ray Diffraction (XRD), Scanning
Electron Microscopy (SEM) evidences. The electro-catalytic activity of the modified SPCE of NZ towards the detection of L-Met was carried out.
The electrochemical behavior of the NZ/SPCE were examined using cyclic voltammetry, and differential pulse voltammetry (DPV).
Keywords: Nitroketene dithioacetals, Electro-catalytic activity, Electrochemical behavior, Voltammetry, Differential pulse voltammetry,
Antibacterial activity

INTRODUCTION
In the chemistry of sulphur compounds nitroketene dithioacetal intermediates play vital role in the synthesis of several aliphatic and aromatic
heterocycles [1-19]. Gompper and Schaefer started this chemistry of nitroketene dithioacetals in the year 1947. Recently, Rao et al. have
reported several number of alkyl and benzyl derivatives of nitroketene dithioacetal [1-4]. The new metal ligand complex of NKDA-Zn was the
as-synthesized NZ has high dispersible property in water. The modified SPCE of NZ has electro-catalytic activity towards the detection of LMet. The electrochemical behavior of the NZ/SPCE were, examined using cyclic voltammetry and Differential Pulse Voltammetry (DPV). The
antibacterial activity of the complex was evaluated using disc diffusion method.
MATERIALS AND METHODS
Analar grade chemicals and reagents were used in all the synthetic steps. The progress of product formation was monitored by TLC using
hexane and ethyl acetate solvent system. Purification of all compounds carried out by column chromatography using silica gel 100-200 mesh. IR
spectra were recorded in Shimadzu instrument as neat and KBr pellet. 1H-NMR, 13C-NMR were recorded in Bruker-300 MHz NMR using
Deuterated Chloroform (CDCl3) as solvent.
Characterization
The crystalline structure of the NZ was characterized by Powder X-ray Diffraction (PXRD) by Xpert-Pro (PANalytical B.V., The Netherlands)
diffractometer (Cu Kα radiation, λ=1.54 Å). The morphology of the as-synthesized NZ was studied by Scanning Electron Microscopy (SEM) at
room temperature (25°C) using SEM (Hitachi S-3000 H).
Fabrication of NZ/SPCE
As-synthesized NZ was firstly dispersed in water (0.05 mg/ml-1) and keep in ultra-sonication treatment for 60 min. On surface of SPCE, the
optimized the concentration of about 8 µl of a dispersed solution was drop cast on the energetic surface of the SPCE followed by dried in an air
oven at 30°C for 1 h.
EXPERIMENTAL SECTION
Synthesis of Dipotassium salt of 2-nitro-1,1-ethylene dithiolate (3)
To a well stirred and ice cooled solution of carbon disulphide (2) (23 ml, 0.41 mol) and nitromethane (1) (18 ml, 0.33 mol) solution of potassium
hydroxide (39 g) in 95 ml of High Performance Liquid Chromatography (HPLC) grade methanol was added drop by drop for 40 min using a
pressure equalizing funnel. The stirring was continued for 3 h at 0°C to -5°C. The reddish brown colour powder formed in the reaction mixture
was quickly filtered and washed with dry methanol (3 × 10 ml) followed by dry ether (3 × 10 ml) to yield 38.0 g (55.2%) of reddish brown
colour powder (3). The salt (3) was quickly transferred into brown colour sample bottle to avoid photodecomposition.
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Synthesis of NKDA-metal complexes

10 mmol (3.372 g) of Nitroketene dithioacetal was dissolved in 20 ml of distilled water. 10 ml of aqueous solution of the metal salt M (5 mmol,
where M=ZnCl2.4H2O) was added to the NKDA solution. The colour change and pH were recorded. The mixture was refluxed for 5 h and left to
stand overnight. The precipitates formed were filtered, washed with distilled water and methanol. The precipitate formed were stored in welllabeled containers and dried over CaCl2 in a desiccator.
Characterization of complexes
Solubility test
The solubility of the complex was studied in various solvents such as distilled water, ethanol, methanol, acetone, chloroform, benzene, dimethyl
sulfoxide, petroleum ether.
Melting point test
The melting point and decomposition temperature of both the ligand and complex were determined using the Gallenkamp apparatus at
Biochemistry Department.
Thin Layer Chromatography (TLC)
The TLC of the metal salt, ligand and the complex were carried out to determine their purity. This is based on variation in the rate of migration
of the components sample. Thin layer chromatography was carried out by using a TLC plate coated with silica gel. The solution of the
compounds in their respective solvents were made and spotted on the TLC plate. These were developed using a mixture of methanol and acetone
(7:3) for the single NKDA complex. After the developments, the chromatograms were dried and viewed under UV lamp at 254 nm and 336 nm
respectively, in order to determine their Rf values.
Conductivity test
The molar conductance of the complexes was determined in Dimethyl Sulfoxide (DMSO) using HANNA instrument conductivity meter, with a
cell constant of 0.83.
UV-visible spectroscopy
The UV-Visible spectra of the ligands and the complex in DMSO solution were run on the Aquamate V4.60 UV/Visible spectrophotomer, at the
Chemistry Department, VHNSN College, Virudhunagar.
Infrared spectroscopy (IR)
The IR was recorded using KBr pellets with Buck Scientific M500 IR spectrophotometer at the Chemistry Department, VHNSN College,
Virudhunagar.

RESULTS AND DISCUSSION
The targeted transition complex of metal zinc with NKDA was synthesized by a two-step process. Condensation of 1:1 mol ratio of nitromethane
(1) and carbon disulfide (2) in presence of dry methanolic KOH under freezing mixture cold condition yielded the dipotassium salt of NKDA in
the first step which upon further treatment with 1: 3 mol ratio of appropriate metal salt yielded the expected production very good yield. The
formation of the product was monitored by TLC and further purified by column chromatography. The structure of the product was characterised
by UV, IR, 1H-NMR, 13C-NMR and C, H, N, elemental analytical evidences. Electronic spectra of complex display very strong absorption band
near 560-660 nm assigned to charge transfer band. This absorption band can be assigned to a charge transfer transition. The electronic spectrum
of zinc(II) complex does not show any d-d transition.
The observed bands are due to the ligand and charge transfer transitions. The bands at 650 nm are assigned to n-* transition. The other band
located at 579 nm is assigned to charge transfer transition. The yellow color of the complex may be conjured as having arisen from this
absorption in the visible region. The IR spectrum of the free NKDA was compared with those of its complex to determine the coordination sites
at which the nitroketene dithioacetal coordinated to the metal ions. The IR spectrum of NKDA showed a strong peak at 1410 cm-1 which were
assigned to N-CH=C stretching vibrations. These peaks have been shifted in the metal complexes. The strong broad band at 650 cm -1 due to C-H
(sp2 CH bend), observed in the free NKDA is also present in the complex. This band remains unchanged upon complexation although slightly
shifted in the complex. The weak absorption band at 1100 cm-1 due to C-N stretching of NKDA has been shifted in the metal complex.
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The weak absorption band at 700 cm-1 due to C-S stretching of NKDA has been shifted in the metal complex showing that the metal ion is likely
to coordinate to the ligand through this point. Some new medium bands around 3746 cm-1 and 3767 cm-1 in the complex, were tentatively
assigned to (M-S) vibrations. Infrared spectral bands of ligand (NKDA) observed at 1170 cm-1 (ν N-O) and at 1410 cm-1 (ν N-CH=C) remained
almost unchanged in position on complexation indicating absence of bonding through nitrogen. However, (ν C-S ) of the ligand undergoes red
shift of 70- 80 cm-1 on complexation indicating bonding through sulphur in the complex. The systematic shift in C-S bonds of ligand clearly
indicates formation of metal sulphur bond. The olefinic protons in 1H-NMR were appeared in the range of ~6.70 ppm for the complex. Similarly
in 13C-NMR the olefinic carbon atoms were appeared in the range of ~146.1 ppm for the complex. The olefinic quaternary carbons were
appeared in the range between ~113 ppm for the complex. C, H, N elemental analysis data for the complex showed good agreement with the
calculated values for the confirmation of molecular weight of the product.
PXRD measurements were carried out to examine the phase and structure of the as-synthesized sample. As shown in Figure 1A, the PXRD
pattern of the as-synthesized NZ shows a broad line parallel to the amorphous nature appears at a 2θ range between 15-30°. The surface
morphology of the NZ was observed by scanning electron microscopy. Figure 1B and 1C shows the different magnification of SEM images of a
NZ is provided. From these images we confirmed that the as-synthesized NZ is in nanoparticle size.

Figure 1: (A) PXRD, (B and C) SEM image of (Zn(NKDA)3)

Electro-oxidation of L-Met at NZ/SPCE
The electro-oxidation activity of the bare SPCE and modified SPCE was observed by Cyclic Voltammetry (CVs). Figure 2 shows the CV curves
of different electrodes such as (a) bare SPCE presence of 200 µM L-Met, and (b) NZ/SPCE with 200 µM of L-Met in Phosphate Buffer Solution
(PBS) (pH 7) at the scanning rate of 50 mV s-1. There is no peak appeared when introduced SPCE into the electrochemical setup. In the addition
of L-Met in bare SPCE a shows small difference in the CV curve with a small peak potential (1.228 V) at Epa (anodic peak potential) with a
small current. The well-marked anodic peak potential (Epa) were detected at 1.196 V for the NZ/SPCE as shown in Figure 2. The results show
that the electrochemical behavior of L-Met has an irreversible and oxidation-oxidation process. However relatively, NZ/SPCE is showed
maximum electro-oxidation performance compared to bare SPCE in terms of high peak currents, and less over potential. Thus, NZ/SPCE has
greater electro-oxidation ability to the oxidation of L-Met due to the perfect synergy between big surface area and high conductivity of the
excellent electro-oxidation capability of NZ. The huge anodic peaks happen at peak potentials of 1.196 V due to 2e- oxidation of the L-Met. The
L-Met molecules were absorbed by the modified electrode and are oxidized at 1.196 V. The CV curves definitely authorizes that the NZ/SPCE is
a good electrochemical detection of L-Met.

Figure 2: CVs response of (a) bare GCE with 200 µM L-Met (b) NZ/SPCE with 200 µM L-Met in 0.05 M PBS (pH 7)

Effect of concentrations and scan rates
Figure 3A, shows CV responses of NZ/SPCE in PBS containing different concentrations of L-Met at a scanning rate of 50 mVs-1. When the
absence of L-Met (a), the NZ/SPCE does not show any discernible peaks, whereas, a well-defined oxidation peak was observed in the presence
of 100 µM of L-Met. Additionally, the oxidation peaks current of the L-Met increases with increasing the L-Met concentrations from 100 to
1000 µM of L-Met (a-j). The results reveals that the excellent electro-oxidation behavior of L-Met at NZ/SPCE and can be used for sensitive
determination of L-Met. Figure 3B demonstrates the plot between oxidation peak current and the concentration of L-Met, which may be
communicated by a linear regression equation as Epa (V)=16.009x-1.3572 0.996, R2=0.996.
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Figure 3C shows that the effect of scanning rate of electro-oxidation responses of NZ/SPCE in PBS (pH 7) for the determination of L-Met. The
CV curves observed the oxidation peaks currents are gradually increased when increasing the anodic peaks from 20-200 mVs-1. When the
oxidation peaks current (Ipa) increases the scan rate also increases linearly. Additionally, the inset linear plot among oxidation peak current
versus the square root of the scan rates has displayed a relationship which suggesting that the oxidation process of L-Met appeared at the
NZ/SPCE is a diffusion controlled electron transfer process (Figure 3D). From the results, we approve that the observed CV reports are due to
the determination of L-Met diffused on the surface of the NZ/SPCE. Figure 3D demonstrates the plot between oxidation peak current and the
square root of scan rate, which may be communicated by a linear regression equation as E pa (V)=0.7243x -3.4794, R2=0.9906. The above results
are clearly confirming that the process is a diffusion controlled irreversible process.
Limit of Detection (LOD)=3Sb/b

(1)

The LOD is calculated by using the above formula, slope of the straight line of the electrochemical analytical curve and SD of the mean value
for seven Voltammogram of the blank (Sb).

Figure 3: (A) CVs of NZ/SPCE in PBS (pH 7) in the presence of L-Met with different concentrations (a-j=100-1000 µM L-Met) at a scan rate of 50 mV s-1,
(B) The plot between oxidation peak current and the concentration of L-Met, (C) CVs obtained at NZ/SPCE in PBS (pH 7) containing 200 µM L-Met at
different scan rates (20-200 mV s−1) and (D) The plot between oxidation peak current, and the square root of scan rate

Electrochemical oxidation of L-Met
The electrochemical oxidation of L-Met was done at NZ/SPCE by DPV [20,21]. The DPV technique is a more sensitive method for the detection
of L-Met than CV. The DPV responses of the NZ/SPCE with the additions of various concentrations of L-Met (6-8347 µM) into the PBS (pH 7).
The sensitivity was calculated by using the slope of the calibration plot as shown in the Figure 4. The calculated sensitivity was about 2.8002
(±0.002) µA µM−1 cm-2 and LOD is 50.1 µM. A linear relationship between L-Met concentration vs peak current (Ipa) was obtained using 6-8347
µM of L-Met, and a linear regression values and correlation coefficient as Ipa (V)=0.1562x-0.1016 and R²=0.993 respectively. The detection
limit was 50.1 µM observed from the slope of the calibration plot, as shown in the Figure 4.

Figure 4: DPVs of NZ/SPCE towards increasing concentration of L-Met in PBS (pH 7) (a to w=6-8347 µM), and calibration plot

Stability, reproducibility and repeatability
In order to examine storage stability of the NZ/SPCE, its electro-catalytic answer towards L-Met (100 µM) is checked up to one week of the
storage period, the catalytic current slightly decreased, while 94.62% of the initial response current was engaged which exposes good storage
stability of the film. Additionally, the electrode displays considerable repeatability with Relative Standard Deviation (RSD) of 3.51% for five
repetitive measurements carried out using single electrode and it exhibits considerable reproducibility with RSD of 3.21% for five independent
measurements carried out in five different electrodes.
Antimicrobial activity study
The antibacterial activity for the complex NZ was determined by disc-diffusion method. The antibacterial activity studies in nutrient agar
medium for the following organisms Escherichia coli, Proteus sp., Serratia marcescens, Pseudomonas aureginosa, Citrobactor sp., Klebsiella
pneumonia, Bacillus subtills, Micrococcus, Staphylococcus aureus and Staphylococcus viridians were carried out.
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Preparation of nutrient agar medium

Exactly 1 g of peptone, 0.5 g of beef extract and 0.5 g of sodium chloride were weighed and transferred into conical flask and dissolved in 100ml
of distilled water after the pH range was checked for 7.0-7.2 finally added 1.5 g of agar into the conical flask. It was closely packed with cotton
plug and placed in an autoclave for 15 min for sterilization. 100 ml of nutrient agar medium was poured into the petri plates and allowed for
solidification without any disturbance. The test organism was lawned on the surface of the agar medium using a cotton swap. The concentration
of 100 μg of the complex was loaded on the empty discs using micropipette. The loaded sterile disc was placed in the culture lawned medium
and incubated in the inverted position for 16-18 h at 35°C. 100 μg of chloramphenicol loaded discs were used as standard drugs. The results
were reported in the Table 1.
Table 1: Antibacterial activity of nitroketene dithioacetal-zinc complex
Name of the culture
Escherichia coli
Proteus sp.
Serratia marcescens
Pseudomonas aeruginosa
Citrobactor spp.
Klebsiella pneumonia
Bacillus subtilis
Micrococcus
Staphylococcus aureus
Streptococcus viridans

Zone of inhibition in mm for complex NZ
19
20
14
17
12
13
19
17
21
20

Standard
24
19
20
22
21
18
27
26
31
29

The antibacterial activity studies for the complex NZ was reported for the first time in this report following Disc-Diffusion method in nutrient
agar medium. The complex was screened against E. coli, Proteus sp., S. marcescens, P. aureginosa, Citrobactor sp., K. pneumonia, B. subtills,
Micrococcus, S. aureus and S. viridians. The complex showed good antibacterial activity.
CONCLUSION
In conclusion, NZ was prepared and characterized by X-Ray Diffraction (XRD), SEM which showed that the agglomeration in structure. The assynthesized NZ has high dispersible property in water. The modified SPCE of NZ has electro-catalytic activity towards the detection of L-Met.
The electrochemical behavior of the NZ/SPCE were, examined using cyclic voltammetry, and differential pulse voltammetry (DPV). From the
electrochemical study, the limit of detection, sensitivity, and linear range are 50.1 µM, 2.8002 (± 0.002) µA µM-1 cm-2 and 6-8347 µM. The
assembled sensor exhibits a tremendous electro-catalytic performance with a low limit of detection and good sensitivity property. The
antibacterial activities for the series of the synthesized complex.
NZ was screened for the first time with ten different types of bacteria. Chloramphenicol was used as reference standard. From the result it is
found and reported that the new complex of NKDA with Zinc showed good antibacterial activity [22].
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