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Abstract 
 
A new series of oxovanadium(V) complexes have been synthesized 
with Schiff base ligands by microwave assisted method. 
Oxovanadium(V) complexes have been prepared by reactions of 
VOCl3 with [2-(3-nitrophenylmethylene) hydrazinecarboxamide] 
(L1H) and[2-(3-nitrophenylmethylene) hydrazinecarbothioamide] 
(L2H) in 1:1 and 1:2 molar ratios in methanol. The Schiff base ligands 
and their oxovanadium(V) complexes were characterized by elemental 
analysis, melting point and molecular weight determinations, IR, U.V-
vis, and 1H-NMR spectral studies. The spectral data reveal that all the 
complexes show a penta- and hexa-coordinated environment around 
the metal ion. These ligands and their complexes were screened for 
their nematicidal activity. The results show that the complexes exhibit 
promising nematicidal activity. The results reveal that the metal 
chelates are more potent than the parent ligands. 
 
Keywords: Oxovanadium(V) complexes; Schiff base ligands; 
Nematicidal activity. 
 
 

1. Introduction 
Meloidogyne incognita is a major plant-parasitic nematode species affecting the 
quantity and quality of the crop production in many annual and perennial crops. 
Infected plants show typical symptoms including root galling, stunting and nutrient 
deficiency, particularly nitrogen deficiency. Phytonematodes occur throughout the 
world, infect all major and minor crop plants and cause substantial reductions in crop 
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yield and quality of produce. Estimated overall average yield loss of the world’s major 
crops due to damage by plant parasitic nematodes is 12.3%. It is estimated that 50% 
crop losses are caused by all kinds of pests together and nematodes’ share in this may 
be about 5%. The nematode population levels present in soil are directly correlated 
with damage to cereal crops. In India overall crop losses due to nematodes have been 
estimated as 10.6%. 

Environmental concerns in research and industry are increasing with the increasing 
pressure to reduce the amount of pollutants. This requires a new approach, which will 
minimize or eliminate the dispersion of harmful chemicals in the environment in a way 
that enhances the industrially benign approach and meets the challenges of green 
chemistry. Microwave-assisted synthesis has developed very quickly and spread in 
every field where chemical synthesis is involved and it will soon emerge as the 
preferred technology for performing chemical synthesis relating to lead development 
in pharmaceutical and biotechnology companies due to its various advantages, such as 
dramatic reduction of reaction time, higher yields and less side reactions. Synthesis of 
some new compounds by traditional heating techniques is slow, time consuming and 
sometimes can lead to overheating and decomposition of the substrate and product. To 
this end, microwaves have been employed to reduce the reaction times from hours to 
minutes to seconds, to increase yields and selectivity. Green syntheses under solvent 
free and less solvent conditions are attractive as they involved reduced pollution, low 
cost and offer high yields together with simplicity in processing and handling1. 

Schiff-base ligands coordinate with many different metal ions2,and stabilize various 
oxidation states. Schiff-base complexes have been used in catalytic reactions4 and as 
models for biological systems5. Schiff bases have numerous applications, e.g., 
anticancer, antibacterial antiviral, antifungal, and other biological properties3.The 
present course of study was initiated to understand the characteristic nature and 
applications of the nematicidal active oxovanadium(V) complexes of nitrogen, oxygen 
or sulphur donor Schiff base ligands. By considering all these applications, in this 
paper we are reporting the synthesis, characterization and nematicidal activity of 
oxovanadium(V) complexes. 

 
 

2. Experimental 
2.1 Materials and methods 
All the chemicals and solvents were dried and purified by standard methods.The 
reactions were carried out under strictly anhydrous conditions.VOCl3 was prepared 
according to the literature method4. Semicarbazide, thiosemicarbazide and 3-
nitobenzaldehye were purchased from Alfa Aesar and used as such. The molecular 
weights were determined by the Rast Camphor method5. Melting point was determined 
by using capillaries in electric melting point apparatus. Conductivity measurements 
were made on century digital conductivity meter model CC 601.Sulfur and nitrogen 
were determined by Messenger's6 and Kjeldahl's methods7, respectively. Chlorine was 
estimated by Volhard’s method. The electronic spectra were recorded on a Varian-



New Nematicidal Active Compounds: Design and Eco-friendly Synthesis 439 

 

Cary/2390 spectrophotometer at RSIC, IIT, Chennai, India. 1H -NMR spectra were 
recorded on a BrukerAvance-III 400 MHz FT-NMR spectrometer in DMSO-d6 using 
TMS as the internal standard at the NFDD(National Facility For Drug Discovery), 
Gujarat, India. IR spectra of the ligands and their complexes were recorded with the 
help of Nicolet Megna FTIR-550 spectrophotometer on KBr pellets.  
 
2.2 Preparation of the ligands 
The ligands (L1H) and (L2H) were synthesized by condensation of 3-
nitrobenzaldehyde (6.04 g, 4 mmol) with semicarbazidehydrochloride(in the presence 
of sodium acetate)( 4.5 g, 4mmol) and thiosemicarbazide (3.7 g, 4 mmol) respectively 
in absolute ) in 1:1 molar ratio in 5 mL ethanol solvent respectively, using a 
microwave oven. The reactions were completed in a short period of 10–12 min. The 
solution was then concentrated under reduced pressure, which on cooling gave 
crystalline precipitates. These were washed with ethanol and recrystallized in the same 
solvent. The systematic scheme for preparation of the ligands is shown in figure 1.  
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Figure 1: Synthetic scheme of the ligands. 

 
Preparation of the complexes: he methanolic solution of VOCl3 was added to the 

methanolic solution of sodium salt of ligands (L1H and L2H)in 1:1 and 1:2 molar ratios 
in 4-5 mL dry methanol. The dry products were recovered from the microwave oven 
and dissolved in ~ 5 mL of methanol, where the precipitate of sodium chloride formed 
during the course of the reaction was removed by filtration and the filtrate was then 
concentrated under reduced pressure. The resulting compounds were washed with 
cyclohexane and recrystallized with methanol. 
 
2.3 Nematicidal activity 
The root-knot nematode produces galls on the roots of many vegetables, pulses, some 
fruit crops, tobacco, and ornamental crops and causes severe losses. The literature of 
past work concerning nematode problems has indicated that there is an urgent need to 
check this pest by control practices, using various chemicalsClean M. incognita eggs 
were obtained by the reported method8. Egg masses were separated from heavily 
infected brinjal roots and washed under running water. After cutting the roots, 1% of 
sodium hypochlorite solution was added, shaken, and then sieved through 150 and 400 
sieves. Then the eggs of nematode were counted. A total of 150 eggs of nematode M. 
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incognita were used per replicate sample and each treatment was replicated three 
times. The experiment was conducted at 300C. The eggs were treated with complexes 
dissolved in 25, 50, and 100 ppm for 24 h and observations in relation to hatching of 
eggs were noted.  
 
 
3. Result 
The elemental analysis and spectral data are consistent with the formulation of 
compounds as [VOCl2(L)] and [VOCl(L)2]. The resulting complexes are green solids, 
soluble in MeOH, DMF and DMSO and sparingly soluble in H2O. Molecular weight 
determinations indicate their monomeric nature. The reactions of VOCl3 with the 
ligands (L1H and L2H) were carried out in unimolar and bimolar ratios in methanol 
solution with the formation of MN and M-O/M-S bonds yielding the substitution 
products. The reactions proceed as shown in (Schemes 1 and 2). The physical 
properties and analytical data of the ligands and their metal complexes are enlisted in 
(Table 1). 

VOCl3 + N  XNa
1:1

Methanol
[VOCl2(N X)] + NaCl

 
(1)

 
VOCl3 + 2N  XNa

1:2
Methanol

[VOCl(N X)2] + 2NaCl  
(2)

 
( Where, X= O or S atom of the donor system of the  ligands L1H and L2H)  

 
Molecular weight determinations showed that they are monomeric in nature. 

Measured molar conductance values are too low (11–14 ohm−1 cm2 mol−1) to account 
for any dissociation of the complexes in 10-3 solution of DMF, show that they are non-
electrolyte in nature. 

 
 

Table 3: Analytical data and physical properties of the ligands and their complexes  
 

Compounds Colour Melting 
Point(0C) 

Found (Calculated.) (%) Mol.Wt. 
Found(cal.) 

N S Cl M  
207.16 
(208.17) 

L1H Brown 237-239 25.90 
(26.91) 

- - - 

L2H Brown 210-212 23.85 
(24.98) 

13.23 
(14.29) 

- - 223.20 
(224.24) 

[VOCl2(L1)] Green 260-
265(d) 

15.98 
(16.24) 

- 19.94 
(20.55) 

14.03 
(1476) 

344.05 
(345.01) 
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[VOCl(L1)2] Green 272-
275(d) 

21.02 
(21.68) 

- 5.90 
(6.80) 

9.12 
(9.86) 

515.80 
(516.72) 

[VOCl2(L2)] Green 245(d) 15.06 
(15.55) 

8.10 
(8.90) 

19.01 
(19.69) 

13.75 
(14.15) 

359.20 
(360.07) 

[VOCl(L2)2] Green 252-
255(d) 

20.01 
(20.41) 

10.95 
(11.68) 

5.80 
(6.45) 

8.86 
(9.28) 

547.20 
(548.86) 

 
3.1 UV spectra 
The electronic spectra of the ligands (L1H and L2H) and their oxovanadium(V) 
complexes have been recorded in methanol. The spectra of the ligands show a broad 
band at 26905-26985 cm-1 which can be assigned to the n-π* transitions of the 
azomethine group which undergoes a blue shift in the complexes due to the 
polarization within the >C=N chromophore caused by the metal-ligand interaction. On 
the other hand, in the metal complexes vanadium (V) is a d0 species and therefore no 
d-d transitions are observed but LMCT bands may be expected due to the high 
oxidation state of the metal centre. All the vanadium(V) complexes show intense 
absorption bands in the visible region from 13310−18530 cm-1 and these can be 
assigned to LMCT transitions from the thiol sulfur/ketone oxygen (C=S)/ (C=O) and 
azomethine nitrogen (>C=N) to empty d orbitals on the vanadium atom.  
 
3.2 Infrared spectral data 
In the IR spectra of the ligands two bands at 3425-3436 cm-1 and 3368-3385cm-1have 
been assigned to the sym and asymstretching modes of NH2 respectively, which remain 
unchanged in the spectra of the complexes, indicating the non-involvement of this 
group. The IR spectra of the ligands (L1H and L2H)show a strong band at 1610-1615cm-1 
due to the >C=N group which shifts to the lower wave number (~15-25 cm-1) in the 
chromium(III) complexes, indicating the coordination of the azomethine nitrogen to the 
metal atom.The medium intensity bands are observed in the region 3250-3190 cm-1 due 
to NH group which disappear in the spectra of oxovanadium(V) complexes indicating 
the deprotonation of this group on coordination with the metal atom. In the spectra of 
the oxovanadium(V) complexes some new bands were observed around at 416-440 cm-

1, 310-335cm-1, 315-430 cm-1and 345-390 cm-1 due to (VN), (V-S), (V-O) and 
(V-Cl) respectively. 
 

3.3 H- NMR spectra 
The proton magnetic resonance spectral data of ligands L1H and L2H and their 
oxovanadium(V)complexes recorded in DMSO-d6 using TMS as the internal standard. 
The 1H-NMR spectra of the ligands show a signal at δ10.07–11.03 ppm,which is due 
to the NH proton. The disappearance of these signals in the spectra of the complexes 
clearly suggest deprotonation of the functional group during the complexation and 
coordination through the oxygen (L1H) and sulfur(L2H) of functional groups to the 
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vanadium atom in the complexes. The azomethine proton signal (H-C=N) appears at 
δ8.43 and δ8.45 ppm in the ligands L1H and L2H, respectively. The 1H NMR spectra of 
the ligands showed a multiplet at δ 6.48 – 8.10 ppm due to aromatic protons. Singlets 
at δ 3.40 and 3.43 ppm were assigned to NH2 for L1H and L2H respectively.On the 
basis of above studies penta- and hexa coordinate environment around the metal atom 
has been proposed and the expexted structures are as shown below in figure 2.  
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Figure 2: Suggested structure for the complexes. 

 
 

4. Nematicidal Assay 
The objective of nematode control is to improve growth and yield of plants, which can 
be achieved through reduction of the nematode population in soil or in plants, or 
through reduction of their damage. The results of nematicidal activity indicate that the 
maximum hatching was recorded in the control but in the eggs treated with the ligands 
as well as metal complexes, low hatching was recorded. The results reveal that the 
activity increases on complexation.(Figure 3). 
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Figure 3: Nematicidal activity for the ligands and their  
corresponding metal complexes. 

 
 

5. Conclusion 
On the basis of spectral and analytical data it has been observed that the ligands [2-(3- 
nitrophenylmethylene)hydrazinecarboxamide] (L1H) and [2-(3 nitrophenylmethylene) 
hydrazinecarbothioamide] (L2H) coordinated to the metal atom in a monobasic 
bidentate manner and thus possess penta- and hexa coordinate environment around the 
metal atom. Nematicidal screening data of the complexes and the ligands (L1H) and 
(L2H) showed that the former are more active than the parent ligands.  
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