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Abstract: Synthesis of some new Vanadium (V) complexes of biologically potent (NO and 

NS) donor azomethines by classical thermal and microwave-irradiation techniques and 

characterized by the elemental analysis, IR, UV and EPR spectral and X-ray powder diffraction 

studies. The azomethine, 2-acetyl-5-methyl furan hydrazine carboxamide (L1H), 3-acetyl 

coumarin hydrazine carboxamide (L2H), 2-acetyl-5-methyl furan hydrazine carbothioamide 

(L3H) and 3-acetyl coumarin hydrazine carbothioamide (L4H) have been prepared from the 

condensation of 2-acetyl-5-methyl furan and 3-acetyl coumarin with semicarbazide 

hydrochloride and thiosemicarbazide in 1:1 molar ratio, respectively. The Vanadium (V) 

complexes have been prepared by mixing vanadium oxytrichloride (VOCI3) in 1:1 and 1:2 

molar ratios with monofunctional bidentate ligands. The structure of the ligands and their 

transition metal complexes were confirmed by the elemental analysis, molecular weight 

determinations, IR, electronic and EPR spectral studies. On the basis of these studies it is clear 

that the ligands coordinated to the metal atom in a monobasic bidentate mode, by O∩N donor 

system. Thus a penta-coordinated environment around the Vanadium (V) ion has been 

proposed. The antimicrobial activity of Schiff base ligands and their respective Vanadium (V) 

complexes were tested against some of pathogenic bacterial and fungal strains. The results 

indicated that the complexes showed higher activity than the parent ligands.  

The spectral data suggested that complexes have penta-coordinated environment around the 

central metal ion.  

 

Keywords: Vanadium (V) complexes; Schiff base; Antimicrobial activity; microwave. 

 

1. Introduction 

The approach, of the Green chemistry is the elimination of hazardous waste, rather than 

generating it. Green chemistry is diffusing throughout the chemical industries and includes the 

use and development of new substances and processes that impact various sectors such as 

agriculture, healthcare, automotive, aerospace, energy, electronics and advanced materials. 

http://heteroletters.org/
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In context of environment friendly Green chemistry, the applications of the microwave 

technology or solvent free technology has lead to the development of many reaction procedures 

which are environment benign and come in the domain of Green chemistry1-6. Nowadays, the 

microwave technology is being used for the synthesis of organic and inorganic compounds, as 

well as for thermal treatment of many materials at laboratorial and industrial scales1-5. 

 The bioactivity of heterocyclic Schiff bases as well as of their metal complexes is of 

interest, especially due to their pharmacological properties. Considerable importance has been 

paid to the transition metal complexes of azomethine ligands on account of their significant 

biological properties6.The coordination chelates of sulfur, oxygen, nitrogen and other donor 

heterocyclic azomethine systems 7 have been widely investigated and they frequently show 

novel structural features8, unusual spectral, catalytical9 and electrochemical10 properties and 

relevance to biological systems11.  

 Vanadium plays a very limited role in biology12. A vanadium-containing nitrogenous 

is used by some nitrogen-fixing micro-organisms, such as Azotobacter13.Vanadyl sulfate may 

improve glucose control in people with type-2 diabetes14.Momentum to the coordination 

chemistry of vanadium in medical applications arises from the ability of vanadium complexes 

to promote insulin mimetic activity in the pathophysiological state of diabetes mellitus in 

humans15. 

 Research importance of vanadiumin coordination chemistry is due to its applications in 

many biological and industrial processes16. The coordination chemistry of vanadium has 

regained interest after the discovery of vanadium in certain organisms like Ascidians and 

Amanita mushrooms and in vanadate-dependent haloperoxidases and vanadium nitrogenaseas 

a part of the co-factors. Recent advances in catalytic and medicinal properties of vanadium 

complexes have accelerated further developments related to their design and synthesis. The 

biochemical aspects of vanadium complexes have further promoted because of its presence in 

abiotic and biotic systems17      

    

 2. Experimental 

   All the chemicals and reagents used were of AR grade and dried and distilled 

before use. The VOCI3 was purchased from Alfa aesar. 1-(2-furanyl) ethanone, 1-(2-thienyl) 

ethanone, 1-(2-pyridyl) ethanone and 1-(2-naphthyl) and isonicotinic acid hydrazide were 

purchased from Sigma Aldrich. All the reactions carried out in under anhydrous conditions. 

2.1. Preparation of the ligands (L1H, L2H, L3H and L4H)    

Two different routes were used for the synthesis of ligands (L1H, L2H, L3H and L4H):- 

(A) Microwave method: In microwave assisted synthesis of the ligands, 2-acetyl-5-methyl 

furan hydrazine carboxamide (L1H), 3-acetyl coumarinhydrazine carboxamide (L2H), 2-acetyl-

5-methyl furan hydrazine carbothioamide (L3H) and 3-acetyl 

coumarinhydrazinecarbothioamide (L4H) were obtained by the condensation of 2-acetyl-5-

methyl furan and 3-acetyl coumarinwith semicarbazide hydrochloride (in presence of sodium 

acetate) and thiosemicarbazide in 1:1 molar ratio in a microwave oven using 5 mL ethanol as 

solvent, respectively.  The progress of reaction was monitored by TLC. The reactions were 

completed in a short period of 6–10 min. The solution was then concentrated under reduced 

pressure, which on cooling gave dark yellow/whitish creamy / creamcolored crystalline 

precipitates (84-93% yield). These were washed and recrystallized from ethanol. 

 

(B) Thermal method: Above mentioned ligands were synthesized by conventional heating 

method to compare with microwave synthesis.2-Acetyl-5-methyl furan and 3-acetyl 

coumarinwas mixed separately with hot ethanolic solution (50-80 mL) of semicarbazide 

hydrochloride (in presence of sodium acetate) and thiosemicarbazide in 1:1 molar ratio. The 

http://en.wikipedia.org/wiki/Biology
http://en.wikipedia.org/wiki/Nitrogenase
http://en.wikipedia.org/wiki/Nitrogen_fixation
http://en.wikipedia.org/wiki/Vanadyl_sulfate
http://en.wikipedia.org/wiki/Type_2_diabetes
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contents were refluxed for about 3-4 hrs on a water bath.  The solution was then concentrated 

under reduced pressure, which on cooling gave dark yellow/whitish creamy/creamcolored 

crystalline precipitates (65-70 % yield). These were washed and recrystallized in ethanol. 

 

(C) General reaction scheme for synthesis of ligands 

 The general reaction for the synthesis ligands is shown in Scheme 1.1 
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Scheme 1.1 Reaction scheme for the synthesis of ligands 

 

(D) Structure of the ligands (L1H, L2H, L3H and L4H) 

 

N

N
H

NH2

O

O

 
 

2-Acetyl-5-methyl furanhydrazine carboxamide (L1H) 

 

N

HN

NH2

O

O O

 

 

3-Acetylcoumarinhydrazinecarboxamide(L2H) 



 

 

R.Tomar et al. / Heterocyclic Letters Vol. 11| No.2|213-230|Feb-April |2021 

 

216 

 

 

N

N
H

NH2

S

O

 

 

2-Acetyl-5-methyl furanhydrazinecarbothioamide  (L3H) 

 

N

NH

H2N

S

O

O

 

 

3-Acetyl coumarinhydrazinecarbothioamide (L4H) 

Fig.1.1 Structure of the azomethine ligands (L1H- L4H) 

(E)        Comparison between thermal and microwave methods 

 A comparison between thermal and microwave method is given in Table 1.1. 

Table 1.1 Comparison between thermal and microwave methods 

Ligands 

Synthesized 

 

Yield (%) Solvent used (mL) Time 

Therma

l 

method 

Microwav

e 

Method 

Therma

l 

Method 

Microwav

e 

method 

Therma

l 

method 

(hrs) 

Microwav

e method 

(min) 

L1H 70 90 50 7 3 8 

L2H 68 93 60 5 4 6 

L3H 70 86 80 7 3 8 

L4H 65 84 70 5 4 10 

 

2.2. Preparation of the complexes 

Preparation of the vanadium (V) complexes of L1H-L4H ligands 

 The reaction of ligands (L1H, L2H, L3H and L4H) with vanadium oxytrichloride (VOCl3) 

have been carried out in 1:1 and 1:2 molar ratios. The weighed amount of vanadium 

oxytrichloride (VOCl3) in dry methanol was added to the methanolic solution of sodium salt 
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of the ligands in 1:1 and 1:2 molar ratios. The resulting mixture was refluxed for 10-12 hours 

in thermal process and 7-8 minutes in microwave method (Table 1.2). After the complete 

precipitation and removal of sodium chloride formed during the course of the reaction, the 

resulting mixture was then concentrated under reduced pressure. The resulting compounds 

were washed with methanol and n-hexane followed by drying in vacuum for about one hour to 

get the final products. These were further subjected to TLC to check their purity using silica 

gel. The general reactions can be represented by the following equations: (Scheme 1.2) 

VOCl3 +  N  ONa [VOCl2(N  O)] +  NaCl
1:1

Methanol

1:2

Methanol

(Where, N  O is the donor system of the hydrazinecarboxamides (L1H and L2H)

VOCl3 +  2N  ONa
[VOCl(N  O)2] +  2NaCl

 
 

VOCl3 +  N  SNa [VOCl2(N  S)] +  NaCl
1:1

Methanol

1:2

Methanol

(Where, N  S is the donor system of the hydrazinecarbothioamides, (L3H and L4H)

VOCl3 +  2N  SNa [VOCl(N  S)2] +  2NaCl

 
Scheme 1.2 

Table 1.2 Thermal and microwave methods for the synthesis of vanadium (V) complexes 

Complexes 

compound 

 

 

Yield (%) Solvent  (mL) Time 

Therma

l method 

Microwave 

method 

Thermal 

method 

 

Microwave 

method 

 

Thermal 

method 

(hrs) 

Microwave 

method 

(min) 

[VOCl2(L1)

] 

75 83 40 5 12 8 

[VOCl(L1)2

] 

75 84 39 3 11 8 

[VOCl2(L2)

] 

75 86 40 5 10 8 

[VOCl(L2)2

] 

77 86 38 5 11 7 

[VOCl2(L3)

] 

78 85 41 4 11 8 

[VOCl(L3)2

] 

77 87 40 3 11 7 

[VOCl2(L4)

] 

75 89 38 3 10 8 

[VOCl(L4)2

] 

75 90 40 4 12 7 
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The reason for synthesizing metal complexes by microwave method is due to its ecofriendly 

nature. The microwave mediated reactions occur more safely, reduce the amount of waste 

products and increases the yield of pure required products. 

3. Physical measurements and analytical methods 

The molecular weights were determined by the Rast Camphor method18. The metal contents 

were analysed gravimetrically. Sulfur and nitrogen were determined by Messenger's19 and 

Kjeldahl's methods20, respectively. Carbon and hydrogen analyses were performed at the 

CDRI, Lucknow. Infrared spectra were recorded on a Nicolet Megna FTIR-550 

spectrophotometer using KBr pellets. The electronic spectra were recorded on a Varian–

Cary/5E spectrophotometer. EPR spectra of the complexes were monitored on Varian E-4X 

band spectrometer.  

 

4.  Results and discussion of vanadium complexes 

  Physical properties and elemental analysis of ligands (L1H-L4H) and their 

vanadium (V) complexes 

  The vanadium (V) azomethine complexes have been synthesized by the 

reactions of the semicarbazone and thiosemicarbazone ligands with VOCl3 in 1:1 and 1:2 molar 

ratios. The resulting vanadium (V) complexes have been obtained as coloured solids and are 

insoluble in most of the common organic solvents but their solubility is appreciable in 

methanol, dimethylformamide and dimethylsulfoxide. The physical properties and elemental 

analysis of the synthesized compounds are reported in the Table 1.3. 

Table 1.3 Physical properties and elemental analysis of vanadium (V) complexes 

Compounds 

synthesized 

Colo

ur 

M.P. 

(0C) 

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

Found(Ca

lculated) 
C H N S M Cl 

[VOCl2(L1)] 

Light 

brow

n 

263 
30.10  

(30.2) 

3.50  

(3.47) 

13.10 

(13.16) - 

15.93 

(15.96) 

22.34 

(22.24) 

319.30 

(319.12) 

[ VOCl (L1)2] 

Light 

yello

w 

243(d) 41.20  

(41.3

4) 

4.80  

(4.77) 

18.00 

(18.07) - 

10.83 

(10.95) 

11.96 

(11.12) 

464.08 

(464.8) 

[VOCl2(L2)] 

Light 

yello

w 

173(d) 39.30  

(39.2

5) 

3.20  

(3.01) 

11.30 

(11.44) - 

13.93 

(13.87) 

19.23 

(19.33) 

367.12 

(367.16) 

[ VOCl (L2)2] 

Light 

yello

w 

170(d) 51.12  

(51.3

9) 

3.80  

(3.95) 

15.06 

(14.98) - 

9.01 

(9.08) 

9.52 

(9.66) 

560.62 

(560.88) 

[VOCl2(L3)] 

Light 

yello

w 

225(d) 28.42  

(28.6

6) 

3.42  

(3.3) 

12.24 

(12.53) 
6.35 

(6.45) 

15.02 

(15.19) 

22.34 

(22.24) 

335.82 

(335.18) 

[ VOCl (L3)2] 

Light 

brow

n 

240(d) 38.42  

(38.6

6) 

4.32  

(4.46) 

16.78 

(16.91) 
12.68 

(12.90) 

10.12 

(10.25) 

11.04 

(11.12) 

496.28 

(496.92) 

[VOCl2(L4)] 

Pale 

yello

w 

176(d) 
37.42  

(37.6) 

2.73 

(2.89) 

10.75 

(10.96) 
5.20  

(5.40) 

13.02 

(13.29) 

18.66 

(18.52) 

383.04 

(383.22) 

[ VOCl (L4)2] 

Light 

brow

n 

175(d) 48.56  

(48.6

6) 

3.88  

(3.73) 

14.02 

(14.17) 
10.60 

(10.81) 

8.88 

(8.59) 

9.20 

(9.26) 

593.82 

(593.44) 

 

4. Electronic spectral data of vanadium (V) complexes 

 The electronic spectra of vanadium (V) azomethine complexes were recorded in the 

range 200-800 nm in the methanol. The spectra of the complexes show a broad band at 35050-



 

 

R.Tomar et al. / Heterocyclic Letters Vol. 11| No.2|213-230|Feb-April |2021 

 

219 

 

32550 cm-1 which can be assigned to the n-* 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. The spectrum shows an absorption peak at 45460 - 

42370cm-1 due to the π → π * transition of the aromatic ringazomethine group. The band at 

24390-22660cm-1is due to charge transfer (LMCT) transitions21,22(Table 1.4). 

 

 

Table 1.4 Electronic spectral data of vanadium (V) complexes 

 

5. IR spectral data of the vanadium (V) complexes with L1H-L4H ligands 

 In the IR spectra of the ligands (L1H-L4H), two common bands observed around 3400-

3350 cm-1 due to sym. and asym.vibrations of NH2 group reducedin the vanadium (V) complexes 

due to the involvement of NH group (Table 1.4). The IR spectra of the of complexes display 

absorption bands at 1692-1680 cm-1,  1594-1580 and 1040-1035 cm-1 due to (C=O, (C=N), 

and (C=S) at lower frequency as compared to ligands  indicating that the chelation takes place 

through the azomethine nitrogen23, enolic oxygen and thiolic sulfur to the central metal ion. 

This fact further supported by the appearance of non ligand bands at 472-440 cm–1 24, 25, 575-

548 cm-1
,348-320 cm-1 26 and366-350 cm-1 have been assigned to (V←N), (V−O),(V–Cl) 

and ν(V-S), respectively in the far IR spectra of the vanadium (V) complexes27. The lower 

frequency shift of (C=N) band observed in the spectra of metal complexes indicate the 

involvement of azomethine nitrogen upon complexation28-31.  

 

Synthesized 

compounds 
Transitions 

Spectral bands 

(cm-1) 

[VOCl2(L1)] 

𝜋 − 𝜋* 

n → π * 

LMCT 

42440(235.63) 

32650(306.28) 

24390(410.00) 

[ VOCl (L1)2] 

𝜋 − 𝜋* 

n → π * 

LMCT 

43850(228.05) 

32580(306.94) 

23390(427.53) 

[VOCl2(L2)] 

𝜋 − 𝜋* 

n → π * 

LMCT 

42850(233.37) 

33550(298.06) 

23580(424.09) 

[ VOCl (L2)2] 

𝜋 − 𝜋* 

n → π * 

LMCT 

45460 (219.97) 

33880 (295.16) 

24390(410.00) 

[VOCl2(L3)] 

𝜋 − 𝜋* 

n → π * 

LMCT 

44450(224.97) 

34465(290.15) 

23890(418.59) 

[ VOCl (L3)2] 

𝜋 − 𝜋* 

n → π * 

LMCT 

42370(236.02) 

33455(298.91) 

22860(437.45) 

[VOCl2(L4)] 

𝜋 − 𝜋* 

n → π * 

LMCT 

44660(223.91) 

32550(307.22) 

22660(441.31) 

[ VOCl (L4)2] 

𝜋 − 𝜋* 

n → π * 

LMCT 

44340(225.53) 

35050(285.31) 

24390 (410.00) 
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Table 1.4 IR (cm-1) Spectral data of the ligands and their vanadium (V) complexes 

Synthesized 

compounds 

IR Spectral data (cm-1) 

v( C=O ) 
ν(C=N) ν(C=S) ν(V-N) ν(V-

O) 

ν(V-S) ν(V-Cl) 

[VOCl2(L1)] 1680 1580 - 455 575 - 340 

[ VOCl (L1)2] 1684 1582 - 445 572 - 345 

[VOCl2(L2)] 1690 1594 - 472 548 - 348 

[ VOCl (L2)2] 1692 1592 - 465 560 - 345 

[VOCl2(L3)] - 1590 1040 464 - 354 320 

[ VOCl (L3)2] - 1585 1038 440 - 366 320 

[VOCl2(L4)] - 1588 1035 457 - 361 317 

[ VOCl (L4)2] - 1576 1039 468 - 350 324 

 

6. NMR spectral data of the ligands L1H-L4H and their vanadium (V) complexes 

 In order to substantiate the nature of bonding in the metal complexes discussed above, 

the 1H NMR and 13C NMR spectra of the ligands (L1H – L4H) and their corresponding 

vanadium (V) complexes have been recorded in DMSO-d6 using TMS as internal standard. The 

spectral data of the ligands and their complexes are listed in Table 1.5. The 1H NMR spectra 

of the ligands show a signal at δ 10.62-11.62 ppm which is due to NH proton. This NH proton 

signal disappears in the complexes indicating the bond formation to the metal atom after 

enolization and deprotonation of the NH group of the ligand molecules. The proton signals due 

to the azomethine methyl protons (N=C-CH3) are shifted downfield in the spectra of the metal 

complexes due to the coordination through the nitrogen atom of the azomethine group. The 

appearance of a signal due to NH2 (δ 2.86 and 2.68 ppm) at almost the same position in the 

ligands and their corresponding vanadium (V) complexes show its non-involvement in 

complex formation. A multiplet due to aromatic protons in the spectra of metal complexes 

resonates nearly at the same position as that of free ligands. 

 The 13C NMR signals due to azomethine carbon (>C=N) in the ligands, (L1H and L4H) 

appeared at δ153.73-172.03 ppm and on complexation these show a downfield shift to δ156.03-

175.64 ppm suggesting the involvement of azomethine nitrogen in the complexation. The 

spectra of the ligands exhibit intensive resonance signals at δ158.03 -165.72 ppm due to the 

amido (>C=O) group and the signals at δ178.03 -193.97 ppm due to the >C=S group which 

undergo downfield shift in the spectra of metal complexes, suggesting the involvement of 

enolic-oxygen in coordination with the metal atom (Table 1.5). 

 

 

Table 1.5 1H NMR and 13C NMR Spectral data of the ligands and their vanadium (V) 

complexes 

 

1H NMR Spectra ( ppm) 13C NMR Spectra ( ppm) 

Synthesis 

compounds 
NH NH2 

Aromatic 

protons 
>(C=N) (>C=S) (C=O) Aromatic carbon 

L1H 10.62 2.68 7.05-7.62 153.73 - 156.03 
155.08, 153.40 

112.70, 108.08 

[VOCl2(L1)] - 2.78 7.05-7.62 163.03 - 165.08 
155.08, 153.40, 

112.78, 108.18 
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 Thus on the basis of the above observations from various spectral and analytical 

techniques, following penta and hexa coordinated environment have been proposed around the 

vanadium (V) metal atom for the (1:1) and (1:2) vanadium (V) complexes, respectively (Fig. 

1.2). 

[ VOCl 

(L1)2] 
- 2.86 7.05-7.62 163.08 - 165.72 

155.40, 153.72, 

112.78, 108.18 

L2H 11.62 2.60 7.32-7.82 153.73 - 158.40 

172.03, 152.72, 

143.01, 

133.38132.08, 

131.04, 128.17, 

126.79, 121.42 

[VOCl2(L2)] - 2.59 7.33-7.83 158.40 - 163.73 

172.73,152.78, 

143.07, 

133.39,132.79, 

131.08, 128.79, 

126.47, 121.42 

[ VOCl 

(L2)2] 
- 2.60 7.32-7.85 158.73 - 164.03 

172.78, 152.79, 

143.37, 

134.89,133.79, 

131.08, 128.79, 

126.47, 121.43 

L3H 11.10 2.86 7.05-7.65 163.70 187.08 - 
156.08, 155.43 

112.78, 108.08, 

[VOCl2(L3)] - 2.76 7.05-7.65 168.70 193.08 - 
156.30, 155.48, 

112.88, 108.70 

[VOCl 

(L3)2] 
- 2.86 7.05-7.62 168.79 193.97 - 

156.89, 155.49, 

112.78, 108.87 

L4H 11.10 2.70 7.32-7.83 172.03 178.03 - 

153.15, 152.72, 

143.01, 

133.38,132.08, 

131.73, 128.17, 

126.79, 120.42 

[VOCl2(L4)] - 2.62 7.30-7.83 175.15 185.03 - 

156.22, 153.72, 

143.02, 133.39, 

132.82, 131.77, 

128.22, 126.74, 

120.47 

[VOCl 

(L4)2] 
- 2.67 7.30-7.83 175.64 185.87 - 

156.47, 153.79, 

143.15, 133.47, 

132.82, 131.77, 

128.22, 126.74, 

120.77 
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[VOCl2(L1)] Complex(1:1) 
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[VOCl(L1)2] Complex (1:2) 
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R.Tomar et al. / Heterocyclic Letters Vol. 11| No.2|213-230|Feb-April |2021 

 

223 

 

 
VOCl2(L3)] Complex(1:1) 

 

 
VOCl(L3)2] Complex (1:2) 

 

 
[VOCl2(L4)] Complex(1:1) 

 

 
VOCl(L4)2] Complex (1:2) 

 
Fig. 1.2 Structure of 1:1 and 1:2 vanadium (V) complexes 
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7. Antimicrobial assay 

Determination of minimum inhibitory concentration (MIC) of the synthesized metal complexes 

were carried out on selected  fungi, Candida albicans and Aspergillus niger and two bacteria, 

Gram-positive (Bacillus subtilis), and Gram-negative (Escherichia coli) and the MIC values 

calculated for the ligands and their vanadium (V) complexes as shown in (Table 5). The results 

indicated that the ligands and their metal complexes were the most active in inhibiting the 

growth of the tested organisms between 18-28 μg/mL MIC values for selected bacteria and 

fungi. The results showed that all the free ligands were appreciably less active compared to 

their vanadium (V) complexes. This indicated that the complexation to metal enhances the 

activity of the ligand. This may be explained by Tweedy's chelation theory32, according to 

which chelation reduces the polarity of the central metal atom because of partial sharing of its 

positive charge with the ligand, due to which the lipophilic character of the metal chelate 

increases and favours its permeation through the lipid layer of cell membrane. It has also been 

proposed that the ultimate action of the compounds is the denaturation of one or more proteins 

of the cell as a result of which normal cellular processes are impaired33 and deactivation of 

various cellular enzymes that play a vital role in different metabolic pathways of these 

microorganisms.  

7.1.1   MIC values of antifungal activity of vanadium complexes 

 The MIC values for vanadium (V) metal complexes are given in Table 1.6  

Table 1.6 MIC (µg/mL) values for vanadium (V) and their complexes 

Synthesized 

compounds 
Candida albicans Aspergillus niger 

[VOCl2(L1)] 23.0±0.3 22.0±0.3 

[ VOCl (L1)2] 21.0±0.2 21.0±0.1 

[VOCl2(L2)] 24.0±0.1 23.0±0.1 

[ VOCl (L2)2] 22.0±0.1 21±0.1 

[VOCl2(L3)] 21.0±0.2 22.0±0.2 

[ VOCl (L3)2] 20.0±0.3 21.0±0.2 

[VOCl2(L4)] 21.0±0.3 23.0±0.3 

[ VOCl (L4)2] 18.0±0.2 20.0±0.1 

Fluconazole 12±0.2 12±0.2 

 

7.1.1 MIC values for antibacterial activity of vanadium complexes 

 The MIC values for vanadium (V) metal complexes are given in Table 1.7. 

Table 1.7 MIC (µg/mL) values for vanadium (V) complexes 

Synthesized 

compounds 
Bacillus subtilis Escherichia coli 

[VOCl2(L1)] 20.0±0.2 18.0±0.3 

[ VOCl (L1)2] 28.0±0.2 16.0±0.2 

[VOCl2(L2)] 23.0±0.1 22.0±0.2 

[ VOCl (L2)2] 20.0±0.1 20.0±0.1 

[VOCl2(L3)] 25.0±0.1 22.0±0.3 

[ VOCl (L3)2] 21.0±0.4 20.0±0.3 

[VOCl2(L4)] 22.0±0.2 21.0±0.3 

[ VOCl (L4)2] 20.0±0.2 18.0±0.2 

Streptomycin 10±0.2 09±0.2 
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7.2. Antifungal studies 

Bio efficacies of the synthesized compounds were checked in vitro. The in vitro antifungal 

activities of the ligands and their complexes have been evaluated against two pathogenic fungi, 

Candida albicans and Aspergillus niger using by the agar plate technique34. The antifungal 

screening data of compounds were compared with the standard (Fluconazole). 

Table 1.8 Antifungal screening data for the ligands (L1H and L2H) and their vanadium 

(V) complexes 

Synthesized 

compounds 

% Inhibition after 96 hrs 

Candida albicans Aspergillusniger Alternariaalternata 

100 ppm 200 ppm 100 ppm 200 ppm 100 ppm 200 ppm 

L1H 32 38 30 44 38 40 

L2H 34 42 32 48 40 45 

[VOCl2(L1)(H2O)] 62 63 64 68 64 67 

[VOCl(L1)2] 68 69 66 75 75 76 

[VOCl2(L2)(H2O)] 64 65 65 74 67 68 

[VOCl(L2)2] 67 70 67 79 78 82 

Fluconazole 70 73 68 85 89 90 

 

 

 

 
Fig. 1.3 

 

 

 

 

 

Candida albicans % Inhibition
after 96 h conc at 100 ppm

Candida albicans % Inhibition
after 96 h conc at 200 ppm

Aspergillus niger % Inhibition
after 96 h conc at 100 ppm

Aspergillus niger % Inhibition
after 96 h conc at 200 ppm

Alternaria alternata % Inhibition
after 96 h conc at 100 ppm

Alternaria alternata % Inhibition
after 96 h conc at 200 ppm
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Table 1.9 Antifungal screening data for the ligands (L3H and L4H) and their vanadium 

(V) complexes 

Synthesized 

compounds 

% Inhibition after 96 hrs 

Candida albicans Aspergillus niger Alternaria alternata 

100 ppm 200 ppm 100 ppm 200 ppm 100 ppm 200 ppm 

L3H 34 42 32 46 46 52 

L4H 36 46 34 52 45 49 

[VOCl2(L3)(H2O)] 58 62 58 64 74 77 

[VOCl(L3)2] 66 69 66 73 83 86 

[VOCl2(L4)(H2O)] 61 65 62 77 79 82 

[VOCl(L4)2] 68 70 67 82 86 88 

Fluconazole 70 73 68 85 89 90 

 

 
Fig.1.4 

 

7.3. Antibacterial screening  

In vitro antibacterial screening is generally performed by disc diffusion method35 for primary 

selection of the compounds as therapeutic agents. The antibacterial activity of the ligands and 

their manganese complexes were evaluated against of two bacteria including Gram-positive 

(Bacillus subtilis) and Gram-negative (Escherichia coli). The diameters of the zone of 

inhibition produced by the compounds were compared with the standard antibiotic 

(Streptomycin). The zone of inhibition thus formed around each disc containing the test 

compounds was measured accurately in mm.  

 

 

Candida albicans % Inhibition
after 96 h conc at 100 ppm

Candida albicans % Inhibition
after 96 h conc at 200 ppm

Aspergillus niger % Inhibition
after 96 h conc at 100 ppm

Aspergillus niger % Inhibition
after 96 h conc at 200 ppm

Alternaria alternata % Inhibition
after 96 h conc at 100 ppm

Alternaria alternata % Inhibition
after 96 h conc at 200 ppm
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Table 1.10 Antibacterial screening data for the ligands (L1H and L2H) and their 

vanadium (V) complexes 

Synthesized 

compounds 

% Inhibition after 24 hrs 

Bacillus subtilis Eschirichia coli 
Staphylococcus 

aureus 

500ppm 
1000pp

m 
500ppm 

1000 

ppm 
500 ppm 

1000 

ppm 

L1H 14 15 13 16 16 18 

L2H 15 16 14 15 17 19 

[VOCl2(L1)(H2O)] 16 17 15 17 18 20 

[VOCl(L1)2] 17 19 16 19 20 22 

[VOCl2(L2)(H2O)] 17 18 16 18 19 21 

[VOCl(L2)2] 18 20 17 19 21 23 

Streptomycin 19 22 18 21 25 26 

 

 
Fig. 1.5 

 

Table 1.11 Antibacterial screening data for the ligands (L3H and L4H) and their 

vanadium (V) complexes 

Synthesized 

compounds 

% Inhibition after 24 hrs 

Bacillus subtilis Eschirichia coli 
Staphylococcus 

aureus 

500 ppm 
1000 

ppm 
500 ppm 

1000 

ppm 
500 ppm 

1000 

ppm 

L3H 
15 17 14 16 19 20 

L4H 
16 18 15 17 20 21 

Bacillus subtilis % Inhibition after
24 h conc at 500 ppm

Bacillus subtilis % Inhibition after
24 h conc at 1000 ppm

Eschirichia coli % Inhibition after
24 h at 500 ppm

Eschirichia coli % Inhibition after
24 h conc at 1000 ppm

 Staphylococcus aureus  %
Inhibition after 24 h conc at 500
ppm
 Staphylococcus aureus %
Inhibition after 24 h conc at 1000
ppm
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[VOCl2(L3)(H2O)] 17 18 16 17 21 22 

[VOCl(L3)2] 18 19 17 19 22 24 

[VOCl2(L4)(H2O)] 18 19 16 18 22 23 

[VOCl(L4)2] 19 21 17 21 24 25 

Streptomycin 19 22 18 21 25 26 

 

 
Fig. 1.6 

 

8. Conclusions 

• Microwave (MW) irradiation is an efficient and environmentally-benign method to 

accomplish    various inorganic and organic syntheses to afford products in higher yields in 

shorter reaction periods. 

• Vanadium (V) complexes synthesized in 1:1 and 1:2 molar ratios were found to possess 

penta- and hexa-coordinated tetrahedral structure. 
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