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ABSTRACT 

The condensation of isatin with pyridine carboxylic acid hydrazides in 

methanol give rise to hydrazone ligands. By the reactions of oxovanadium(IV) sulphate 

with hydrazones in presence of sodium hydroxide in methanol  [VO(L)H2O] type 

complexes were obtained. The complexes were characterized by elemental analyses, 

conductances, magnetic moments, TGA and spectral (IR, Electronic and EPR) data. 

The analytical data were compatible with a 1:1 metal to ligand stoichiometry. The 

electrical conductances of the complexes were consistent with their non-electrolytic 

nature. The presence of one water molecule in the complexes was confirmed by 

thermogravimetric analysis. The IR spectra of the oxovanadium(IV) complexes shows 

that, the ligands behave in a tridentate way. The room temperature X–band EPR 

spectra exhibit eight lines due to hyperfine splitting of 51V, whose nuclear spin  

number I = 7/2. This confirms the presence of a single vanadium (IV) cation, hence 

the complexes are monomer. The anisotropy is not observed due to rapid tumbling of 

molecules in solution at room temperature and only g–average values are obtained. 

The anisotropy is clearly visible in the spectra at liquid nitrogen temperature and 

bands due to g and g are observed separately. The g,g, Aand A values are  in good 

agreement for a square–pyrimdal geometry. 
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INTRODUCTION 

Isatin (1) also known as indole-2,3-

dione ,can be considered to be the o-quinone 

of ,2,3-dihydroxyindole. It is unique 

molecule possessing both amide and 

ketocarbonyl groups. Apart from this ,it has 

an active hydrogen atom attached to nitrogen  

(or oxygen) and aromatic ring which should 

substitute at 5- and 7- positions. It exists in 

tautomeric form(2) and these functional 

characteristics play an important role in 

governing  the various reactions of the 

molecule.
 1,2
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The C-3 carbonyl group of isatin is 

strongly electrophilic. As a result isatin is 

readily involved in condensation and addition 

reactions. However the coordination 

complexes of hydrazones derived from isatin 

is not much reported. In our previous paper 

isatin hydrazones with aromatic acids has 

been discussed
2
. The coordination behavior 

of hydrazones is well studies which depend 

upon pH of the medium, nature of 

substituents and position of hydrazone group 

relative to other nucleus
.3

 

In this paper, we have reported the 

preparation and characterization of 

oxovanadium(IV) complexes with isatin 

hydrazones derived by pyridine carboxylic 

acids. 

RESULTS AND DISCUSSION 

The condensation of isatin with 

pyridine carboxylic acid hydrazides in 

methanol give rise to hydrazone ligands as 

shown below:      
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A systematic study of the reactions of the 

oxovanadium(IV) sulphate with isatin 

hydrazones in presence of sodium hydroxide 

in methanol was carried out. The 

[VO(L)H2O] type complexes were obtained 

according to the following equation:  
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                                                 Methanol, reflux 

            VOSO4.nH2O+ LH2   [VO(L)H2O] 

              30% NaOH 

                                            ( LH2  = isatin hydrazones ) 

          The analytical data were compatible 

with a 1:1 metal to ligand stoichiometery. 

The complexes were brown or greenish 

brown coloured solids; soluble in 

dimethylformamide, dimethylsulphoxide,  

tetrahydrofuran and nitrobenzene. The 

electrical conductances of the complexes in 

dimethylformamide were consistent with 

their non-electrolytic nature. The presence of 

water molecule in the complexes was 

confirmed by thermogravimetric analysis. 

The results show the loss of one water 

molecule at ca. 180-210
0
C. 

Table 1: Reactions of oxovanadium (IV) sulphate with isatin hydrazones 

Reactants                  Molar ratio   Refluxing           Product                Colour                       Yield(%)       

Decomp.                                      Anayses(calcd%) 

                                                              Time (h)                                                                                                              

Temp (
o
C)                   C                  H                N                     V 

VOSO4.5H2O+L1              1 : 1           14                  [VO(L1)H2O]     Greenish  brown       70                         

220                         52.7              3.4           11.4              13.9 

                                                                                                                                                                                                                              

(53.0)            (3.6)          (11.6)          (14.0)    

VOSO4.5H2O+L2    1 : 1           18                  [VO(L2)H2O]     Greenish   brown       70        220                         

52.6                3.8            11.5             13.7 

                                                                                                                                                                                                                              

(53.0)           (3.6)         (11.6)             (13.9) 

VOSO4.5H2O+L3    1 : 1           16                  [VO(L3)H2O]     Greenish  brown        70        220                        

52.5                3.2            11.9             13.5               

                                                                                                                                                                                                                              

(53.0)           (3.6)         (11.6)             (13.9) 

 

Where, 
L1= Hydrazone derived from Isatin and  nicotinic  acid hydrazide 

L2 = Hydrazone derived from isatin and isonicotinic  acid hydrazide 

L3 = Hydrazone derived from isatin and picolinic acid hydrazide 

 

Magnetic Moments and Electronic Spectra 

Room temperature magnetic moments 

of the oxovanadium(IV) complexes lie in the 

range 1.70–1.75 B. These results are 

consistent with the formulation of the 

complexes as vanadium(IV), d
1
 species 

[eff(spin only)=1.73B]
4
. The electronic 

spectral data measured in dimethylformamide 

are given in Table 2. Molecular orbital 

calculations by Ballhausen and Gray
5
 

predicts that the single d–electron in VO
2+

 is 

in the b2 (dxy orbital); the predicted 

absorptions are  b2 → e (dxz, dyz), b2→ 

b1(dx
2
–y

2
 ) and b2  →a1(dz

2
). The spectra of 

all the complexes show bands at ca. 12500–

13000, 16500–17200 and 21500–22400 cm
-1

, 
 
 

which are assigned to these transitions, 

respectively.  
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Table 2: Magnetic moments and electronic spectral bands of oxovanadium(IV) complexes 

with isatin hydrazones 

Complex 

 

eff (300K)                                     Electronic spectral bands(cm
-1

) 

                                          2
B2              

2
E                   

2
B2           

2
B1                                   

2
B2              

2
B1                                                              

 

[VO(L1)H2O] 

[VO(L2)H2O] 

[VO(L3)H2O] 

 

1.74                         12800                                     16800                           

21500                                                          

1.72                          13000                                     17000                            

21800                                                    

1.70                          12500                                       17200                            

22400                                                    

                                                   Where, 
L1= Hydrazone derived from Isatin and Nicotinic acid hydrazide 

L2= Hydrazone derived from Isatin and Isonicotinic acid hydrazide 

L3= Hydrazone derived from Isatin and picolinic acid hydrazide 

Infrared Spectra 

            The most characteristic features of the 

IR spectra of isatin hydrazones (LH2) have 

been determined by a careful comparison of 

the spectra of ligands with both acid 

hydrazides and isatin. In the 

oxovanadium(IV) complexes, the ligands 

behave in a tridentate way, coordinating via 

the azomethine nitrogen (CN
1
), and the 

enolic oxygen with displacement of 

hydrogens. The mode of coordination has 

been determined by careful comparison of 

the infrared spectra of the complexes with the 

ligands.  

              The spectra of ligands show bands at 

ca. 3200-3150 cm-
1
 which may be due to 

(N-H) vibration. All the ligands  show 

bands in the 1650-1645cm
-1

1540-1530 cm
-1

 

and 1310 cm-
1
 regions which may be 

assigned
3
to amide-I (C=O), amide-II[(C-

N)+( δN-H)] and amide-III[δ(N-H)] 

vibrations, respectively. These bands 

disappear in the complexes suggesting 

enolisation of the keto group by forming of 

complexes through deprotonation. The 

coordination through enolic oxygen through 

deprotonation is further confirmed by the 

appearance of band at ca. 440–420 cm
-1

 

assignable to (V-O)
6
.The presence of 

characteristic bands for  (C=N), and  

(C=O), in the 1570-1555cm
-1

  and 1520-1510 

cm
-1

 regions respectively further support 

enolisation of keto group. The bands at 

ca. 1635-1620 cm
-1

 attributable to  (C=N) of 

azomethine linkage of isatin hydrazones, 

disappear, with the simultaneous appearance 

of new bands at slightly lower wave numbers 

at ca. 1600 cm
-1

,  supporting  complexation. 

The appearance of new bands in the low 

frequency region at 395–375 cm
-1

 may be 

assigned to   (V–N)
6
 . The spectra of the 

ligands also show two bands at ca 3280 cm
-1
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and 1700 cm
-1 

assignable to (N-H) and (C-

O) vibrations of the isatin rings. In the 

spectra of oxovanadium(IV) complexes these 

bands disappear suggesting enolisation of 

keto group. These complexes show one 

strong band at ca.1585cm
-1

dune to newly 

formed (C=N). 

             The ligands contain one pyridine 

ring. The pyridine ring vibrations most 

affected by pyridine nitrogen coordination to 

a metal atom or 8a (pyridine ring 

deformation) 6a (in–plane ring deformation) 

and 16b (out–of–plane deformation). These 

vibrations appear at 1550, 1620 and 410    

cm-
1
, respectively; in the free ligand. In the 

oxovanadium(IV) complexes, these bands 

appear  almost at the same position indicating 

non-coordination of pyridine nitrogen to 

metal.  

 In complexes, new bands appear at 

ca. 975 cm
-1

, assignable to  (V=O) 

vibration
7
. In addition, all complexes show a 

strong band at ca. 3400 cm-1 which may be 

assigned to  (OH) of the coordinated water 

molecule. 

Electron Spin Resonance Spectra 

 The X–band ESR spectra of 

oxovanadium(IV) complexes are recorded at 

room temperature and at liquid nitrogen 

temperature. The room temperature spectra 

exhibit eight lines due to hyperfine splitting 

of 
51

V, whose nuclear spin  number I = 7/2. 

This confirms the presence of a single 

vanadium (IV) cation,, hence the complexes 

are monomer.  

 The anisotropy is not observed due to 

rapid tumbling of molecules in solution at 

room temperature and only g–average values 

are obtained. The gav values determined from 

the spectra are ca. 1.98, similar to the spin–

only value (free electron value) of 2.0023 

suggesting little spin–orbital coupling. 

         The anisotropy is clearly visible in the 

spectra at liquid nitrogen temperature and 

bands due to  g and g are observed 

separately. The g,g, Aand A values are 

given in Table 3.9, which are in good 

agreement for a square–pyramidal geometry
-

8-9
.  

 On the basis of the studies, the 

following structure may be tentatively 

proposed for these oxovanadium(IV) 

complexes: 
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Table 3:  ESR parameters of oxovanadium(IV) complexes with Isatin hydrazones 

 

EXPERIMENTAL  

          All the chemicals used were of Anala 

R grade. All solvents used were distilled 

before use. The ligands were prepared by the 

condensation of isatin with appropriate 

hydrazides as reported in the literature
10

.The 

details of analytical methods and physical 

measurements were the same as described 

earlier
2
. 

Preparation of complexes: 

          Oxovanadium(IV) sulphate(0.01 mol) 

dissolved in methanol (15cm
3
) was added to 

a refluxing solution of hydrazones (0.01 mol) 

in methanol (20 cm
3
) containing saturated 

alcoholic solution of sodium hydroxide(5 

cm
3
).The reaction mixture was refluxed for 

14-18 hrs. Coloured precipitate so obtained 

was filtered, washed thoroughly with 

methanol and dried under vacuo. Yield (55-

65%). 

           The details of the reactions and 

physical characteristics of the products 

formed and analytical data are listed in 

Table-1. 
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