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ABSTRACT 

With the use of triphenylphosphine and benzofurazan-1-oxide as ligands, new complexes of Transition 

Elements have been produced. The reaction of o-nitrophenyl azide and toluene in the presence of a catalyst 

yielded benzofuran-1-oxide. Melting point measurement and infrared spectroscopy have both been used to 

identify these compounds.  
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INTRODUCTION 

The center of the periodic table is where you'll find the transition metals. Not only may you find them in 

their metallic form, but they also create a wide variety of compounds. Some of these compounds are 

molecular, in which atoms are organized around a metal ion, while others are ionic or network solids. In 

chemistry, these molecules are referred to as coordination or transition metal complexes. They are 

compounds with a wide range of colors, and they may be used as catalysts or even as medicines. 

Due to their low electronegativity, transition metals often exist as cations, or positively charged ions. These 

metal ions are never discovered alone, but rather they always have additional ions or molecules drawn to 

them. These compounds combine with metal ions to create coordination complexes. 

An example of a coordination complex is hexaamminecobalt(III) chloride, or [Co(NH3)6]Cl3. The substance 

in question is bright yellow. The compound's "complex" nature derives from the wide variety of its 

constituent parts. A cationic component, with its own relatively complex structure, and three chloride anions 

are present. 

 

Coordination groups are of quite different types in inorganic and organic species. Strong coordinating 

tendency is shown by the hydroxide ion, which is mostly due to its negative charge but also to the fact that it 
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possesses three pairs of unshared electrons. Many organic anions, such as formate and acetate ions, produce 

persistent coordination compounds as a result of their strong bonding, but the capacity to coordinate steadily 

decreases with increasing chain length in monocarboxylic acids. Among amines, tertiary amines have 

essentially no capacity to coordinate with metal ions, yet ammonia and secondary amines are easier to 

coordinate than primary amines, and aliphatic monoamines are more difficult to coordinate than either. 

Potential steric causes for this result. Strong bases are tertiary amines because of the strength of their 

hydrogen-ion coordination. 

Numerous efforts have been made in recent years to examine the variables impacting metal chelate stability 

by correlating stability constants with a variety of parameters of the metal ion or ligand. One of the most 

comprehensive classification systems of ligands and metal ions into "hard" and "soft" categories is 

Pearson's. We may claim that soft ligands make stable complexes with soft metal ions, and that hard ligands 

also generate stable complexes with hard ions if we define metal ions as hard or soft acids and ligands as 

hard or soft bases. The stability of a system is reduced when it contains both hard ions and soft ligands or 

vice versa. It has been shown that the chelate structure has a role in determining the stability of metal 

complexes with multidentate ligands. In an expanded version of the series, For the bivalent metals, Mellor 

and Mally (1948) noted that the stabilities of complexes by a certain chelating molecule with a succession of 

metal atoms follow an order as Cu > Ni > Co > Zn > Cd. 

Many molecules with promising uses in fields including medicine, catalysis, and materials science have 

been synthesized using dithiocarbamates as a starting point. It is possible to make structural changes due to 

the dithiocarbamate group's adaptability in terms of its functional groups. The complexation process and the 

ensuing coordination geometry are sensitive to a wide range of parameters, including the ligand's chemical 

composition, the metal ion's oxidation state, and the metal's oxidation state. Biological targets including 

DNA, proteins, and enzymes are determined, in part, by the ligands that regulate the metals' activity and 

alter the array of molecules in the secondary coordination sphere. 

In the recent several decades, dithiocarbamate compounds have risen in popularity owing to their versatility 

as metal coordination compounds, their simplicity of production, and their ability to stabilize a broad variety 

of metals throughout the periodic table (even at differing oxidation states). In the complexation process, the 

sulfur atoms in the ligand might donate an electron pair to the metal center. Thanks to this property, a wide 

variety of dithiocarbamate complexes are now known to exist. They can interact with almost every metal on 

the periodic table, and their tendency to form complex structures may be a result of the low bite angle of the 

-CSS group. Since these complexes are often used in fields including biology, agriculture, and medicine, 

they have been the subject of much research over the years. Complexes of nickel and zinc dithiocarbamates 

are two such examples. Therefore, this study seeks to elucidate the structural and chemical variety of Ni and 

Zn dithiocarbamate complexes, and the consequent effect on their biological efficacy. 

LITERATURE AND REVIEW 

Sharmila Pandey et al (2011) Acyclic hexadentate pyridine amide ligands with a -OCH2CH2O- spacer 

between two pyridine-2-carboxamide units were used to synthesise four new complexes, [CoII(L9)] (1), 

[CoIII(L9)][NO3]2H2O] (2), [NiII(L9)] (3), and [CuII(L9)] (4). CoII centre 1 and NiII centre 3 are both six-

coordinate, indicating that they use all of the available donor sites, while CuII centre 4 is functionally five-

coordinate, according to the atomic structure. Comparable complexes of hexadentate ligands containing 

thioethers have been studied to determine the structural characteristics linked with the variation in the metal 

coordination environment. S = 3/2, S = 0, S = 1, and S = 1/2 are represented by eff values of 1, 2, and 4 at 

298 K, respectively. Every complex's absorption spectrum was analyzed. We have studied, simulated, and 

evaluated the EPR spectrum characteristics of the copper(II) complex 4. Researchers found that redox 

processes involving CoIII and CoII, NiIII and NiII, and CuII and CuI are all quasireversible when 

performed in CH2Cl2 using cyclic voltammetry. The redox potentials of the ether O coordination to 

thioether S coordination transitions in the CoIII-CoII, NiIII-NiII, and CuII-CuI processes have been 

thoroughly analysed. 

Jagvir Singh et al (2012) Condensation of 4-aminoacetophenone and furane-2-carboxaldehyde in ethanol 

yields 2,4-furyliminobenzylacetophenone, a novel Schiff base ligand (FIAS). The ligand's metal complexes 

were synthesized by reacting ethanol with copper(II), nickel(II), and cobalt(II) chloride salts. The ligand and 
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metal complexes have been analysed by microanalysis, magnetic susceptibility, FTIR, 1H and 13C nuclear 

magnetic resonance, mass spectrometry, UV-visible spectroscopy, and a variety of other spectroscopic 

techniques. These findings demonstrate that the imines' nitrogen and carboxylic oxygen atoms coordinate 

the metal ions in FIAS to create octahedral structures. Antimicrobial activity against various bacteria and 

fungi was investigated for all of the novel compounds. 

Tanzimjahan A. Saiyed et al (2021) The structural variety and wide range of potential applications for 

dithiocarbamate complexes make them an object of intense study. They have two sulfur atoms, which are 

widely used as binding sites for metal coordination in various valences. Because of their flexible degrees of 

coordination, they may be used in many situations, especially in biology. Improved properties above those 

of the individual components are what make the complex so useful, thanks to the synergy between the metal 

ions and the dithiocarbamate moieties. A number of studies have linked the existence of C-S bonds to these 

enhanced features. Binding of zinc and nickel ions to the dithiocarbamate has been observed to occur mostly 

in bidentate modes, leading to distinct geometries. The purpose of this article is to provide a summary of 

research into zinc and nickel dithiocarbamates complexes, focusing on their synthesis, structural chemistry, 

and use in biological systems. 

Raziyeh Arab Ahmadi et al (2012) We have 1-(3-hydroxy-propylimino) methyl, 1-(2-hydroxy-

propylimino) methyl, and 1-(2-hydroxy-propylimino) methyl, all Schiff base ligands with an azo group. It 

was possible to produce 1-(3-hydroxypropyl) imino) methyl-4-hydroxyphenylazo-4-nitrobenzene (2a), 4-

hydroxyphenylazo 2-chloro-4-nitrobenzene (2b), and 4-hydroxyphenylazo 4-chloro-3-nitrobenzene (2c). 

The ligands were characterised using elemental analysis, FT-IR spectroscopy, UV-vis spectroscopy, NMR, 

and thermogravimetric analysis. After that, physicochemical and spectroscopic methods such as elemental 

analysis, FTIR spectroscopy, UV-Vis spectroscopy, magnetic moment measurements, and 

thermogravimetric analysis (TGA) were used to characterise copper (II) and cobalt (II) metal complexes 

(DSC). All four of these complexes, 3a, 3b, 4a, and 4c, have strong electrical communication between their 

respective metal centres and are hence paramagnetic, as shown by their respective effective magnetic 

moments of 1.45, 1.56, 1.62, 2.16, 2.26, and 2.80 B.M. at room temperature. 

Tadewos Damena et al (2022) At this work, two novel zinc (II) and copper (II) complexes were 

synthesised by reacting the ligand 2-((2-hydroxyethyl)amino)quinoline-3-carbaldehyde (H2L) with the 

metals in a metal-to-ligand ratio of 1:2 in methanol. The complexes were characterised by means of 

ultraviolet-visible spectroscopy, fluorescence spectroscopy, Fourier transform infrared spectroscopy, 

scanning electron microscopy-energy dispersive X-ray spectroscopy, mass spectrometry, nuclear magnetic 

resonance spectroscopy, thermogravimetric analysis, and density functional theory (DFT) calculations. 

According to spectroscopic analysis, the mono-deprotonated (HL) ligand acted as a bidentate ligand by 

binding to both Zn (II) and Cu (II) ions through the deprotonated oxygen atom of the N-H and the hydroxyl 

(O-H) groups of the amine. Both metal complexes were shown to be thermodynamically favorable up to 100 

degrees Celsius, as determined by their formation constants and thermal analyses. For Pseudomonas 

aeruginosa, the Cu (II) complex produced an inhibitory zone of 20.90± 2.00 mm, for Staphylococcus aureus, 

19.69 ± 0.71 mm, and for Streptococcus pyogenes, 18.58 ± 1.04 mm. Those numbers are much larger than 

they would be for the Zn (II) complex at the same concentration. Minimum inhibitory concentration (MIC) 

values for the complexes against the three bacteria followed the same basic trends. The IC50 values for the 

radical scavenging activities of Cu (II) and Zn (II) complexes were 4.72 and 8.2 g/mL, respectively, whereas 

the IC50 for ascorbic acid (a positive control) is 4.28 g/mL. In comparison to the positive control, the Cu(II) 

complex showed enhanced communication, suggesting it may have applications in biology. The results from 

molecular docking simulations, both computed and in silico, likewise provide good support for the findings 

from experiments. 

METHODOLOGY 

When doing experiments with ethanol, we utilized dry ethanol with a density of 0.78g/cnv, which is similar 

to the industrial ethanol we got. Six hours of using quick lime while experiencing acid reflux. Overnight, the 

dry distillate was collected on calcium metal, and then it was redistilled three times while being stored at 78 

degrees Celsius away from any moisture in the air. 
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When conducting studies calling for triphenylphosphine, we utilized the product as provided by Aldrich 

Chemical Co., Ltd. 

Hydration: Water was obtained by double distillation. 

Sodium azide with glacial acetic acid from Aidrish chemical Co., Ltd. 

The chemical diethylamine, which was purchased from Koch-light, was put to use. 

Experimental Techniques:  

General Techniques: A standard quick-fit apparatus was utilized, and after being cleaned with chromic acid 

and dried in the oven, it was ready for use. Dry nitrogen, purified by passing it through alkaline pyrogallol, 

was used as the reaction atmosphere. In order to produce pristine samples for examination, the 

crystallization process was carried out many times using the right solvent. The melting points, infrared 

spectra, and ultraviolet spectra were used to identify and characterize the products. 

Preparation of O-nitrophenylazide: To make O-nitrophenylazide, we followed the steps". 14 grammes of o-

Nitro aniline (0.2 moles), 40 millilitres of water, and 45 millilitres of strong hydrochloric acid are combined 

in a 500 millilitre three-necked round-bottomed flask equipped with a magnetic stirrer, a thermometer, and a 

dropping funnel to create the reaction mixture. The magnetic stirrer is turned on and the flask is put into an 

ice salt bath when the temperature of the mixture reaches zero to five degrees Celsius. Slowly adding a 

diazotizing solution of sodium nitrite to the amine hydrochloride once the temperature has been reached. 

After the yellow-green solution has been filtered and agitated for 1 hour at 0.5 C to eliminate any leftover 

insoluble impurities, a solution of sodium azide is added. The mixture is then transferred to a 2-liter beaker 

set in an ice bath and stirred. After 15–20 minutes, when the nitrogen evolution has stopped, a light cream to 

colorless solid, onitrophenylazide, has formed and may be collected in a' Btichner funnel. Typically, 

roughly 30g of o-nitrophenylazide (m.p. 54 - 57 C) is produced. The first-generation oxocarboxylic acid, 

benzofurazan-1- oxide, is made from the crude product. In order to decolorize the impure azide, 2 grams of 

activated charcoal are mixed with 20 milliliters of 95% ethanol at 55 degrees Celsius. 14 grammes of o-

Nitro aniline (0.2 moles), 40 millilitres of water, and 45 millilitres of strong hydrochloric acid are combined 

in a 500 millilitre three-necked round-bottomed flask equipped with a magnetic stirrer, a thermometer, and a 

dropping funnel to create the reaction mixture. The magnetic stirrer is turned on and the flask is put into an 

ice salt bath when the temperature of the mixture reaches zero to five degrees Celsius. Slowly adding a 

diazotizing solution of sodium nitrite to the amine hydrochloride once the temperature has been reached. 

After the yellow-green solution has been filtered and agitated for 1 hour at 0.5 C to eliminate any leftover 

insoluble impurities, a solution of sodium azide is added. About 40 grams of pure o-nitrophenylazide may 

be obtained. Melting point and infrared analysis of the final product are performed. 

Preparation of Bcnzofurazaii-I-oxide: Following this procedure'3 ", benzofuran-1-oxide was synthesized: In 

a round-bottomed flask, we combined 16.4 grams (o.lmole) of o-nitrophenylazide with 30 milliliters 

(0.2mole) of toluene (100ml). After three hours of refluxing in a water bath, the reaction mixture was cooled 

in an ice bath until clusters of straw-colored crystals appeared. Pure product (m.p. 72–74 C) amounts to 

around 6g. After saturating the filtrate, 4 grams of a somewhat darker-colored substance were recovered; 

this was refined by recrystallization from 15 milliliters of 70% ethanol. To sum it all up, we get lOg in 

production. Infrared spectroscopy, ultraviolet spectroscopy, gas liquid chromatography, and melting point 

analysis were all used to examine the product. maximum kinetic energy dissipation (kmax) = 355, 220 

Reaction Between Triphenylphosphine and Nickel (II): The following method*'"' was used to manufacture 

dichloro(triphenylphosphine) nickel (II): In a three-necked round-bottom flask, nickel (II) chloride was 

dissolved in water, and the solution was further diluted with glacial acetic acid. Two and a half grams of 

triphenylphosphine were dissolved in twelve and a half milliliters of glacial acetic acid (0.221 moles). There 

was a total output of 4g, and the crystal had a dark green color. Infrared spectra were used to examine the 

final product. The product's melting point was also evaluated. 
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DATA ANALYSIS 

Melting Points: Table 1 shows the precursor melting points, ligand melting points, and complex melting 

points employed in this study. We have compared these numbers to those found in the literature wherever 

feasible.  

Table 1: Melting Points of the Products: 

 

Infra-red Spectra: The accompanying Tables depict the Infrared Spectra collected using the aforementioned 

setup and method:  

Table 2: Infra-red Spectra of O-Nitrophenylazide: 

 

b = broad, s = sharp, w = weak. 

Table 3: Infra-red Spectra of Benzofurazan-l-oxide: 

 

b = broad, s = sharp w = weak 
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Table 4: Infra-red Spectra of the Product Obtained from the Reaction Between Triphenylphosphine 

and Nickel (II): 

 

b = broad, s = sharp w = weak 

In this paper, we focus on the reactivity of a transition metal with triphenylphosphine and benzofurazan-1-

oxide as ligands. Melting point, infrared absorption spectrum, and color analysis were used to determine the 

nature of the reaction's ultimate result. Although there is much of literature on preparing benzofurazan-1-
oxide, this compound is not mentioned in relation to ligands. Therefore, we will use benzofurazan-1-oxide 

for the first time in this sector to produce significant complexes of copper (II), nickel (II), and cobalt (II). 

CONCLUSION 

In this field, new compounds of benzofurazan-1 -oxide with copper (II), nickel (II), and cobalt (II) have 

been produced. Under reflux settings and with diethyl amine as the solvent, benzofuran-1-oxide interacted 

with the metal chloride. Melting point determination, infrared spectroscopy, and ultraviolet spectroscopy are 

all used to identify and characterize these compounds. To sum up, the stability of complexes is significantly 

affected by the sort of donor atom present in the ligand. It was determined that the melting point of Ni(il) 

with tnphenylphosphine is 235 degrees Celsius.  
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