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Abstract 

The oxovandium complex derived from Schiff base ligand namely [2

from condensation of 1, 2-phenylenedaimne and    o
1
HNMR and EI-mass. The ligand acts as tridentate towards vanadylion via the azomethine nitrogen, phenolic oxygen and the 

lone pair of nitrogen atom of NH2. The thermogravemtric (TG) analysis confirm high stability of the complex. Their catalytic 

activity properties in H2O2 promoted oxidation of the benzoin to benzil was investigated. 

 

Keywords: Schiff base, Oxidation, Vanadyl Complexes.
 

Introduction 

Schiff base are the compounds containing azomethine group (

HC=N-). They are condensation products of ketone or 

aldehydes with primary amines were first report by Hugo Schiff 

in 1864. Formation of Schiff base generally takes place under 

acid or base catalysis or in refluxed solvents

products of aldehyde with only one amine group of diamine 

compounds give half units which can react with another 

aldehyde or ketones giving unsymmetrical Schiff base

 

Schiff base of azomethine nitrogen donor heterocyclic ligands 

are well known due to their wide range of applications in 

pharmaceutical and industrials fields
5
, also Schiff base derived 

from aromatic amine and aromatic aldehyde have wide variety 

of application such as biological activity, catalytic activity as 

well used as ligands to obtain metal complexes

 

Oxidation of benzoin to benzil has been extensiv

the production of fine chemicals
7-10

.
 
In this paper we report the 

preparation a new Schiff base derived from o-

and o-vanilin and oxovandium complex as catalyst in the 

oxidation of benzoin to benzil. 

 

Methodology 

Materials: 1-2-phenylene diamine (Merck). 

vanilinandvanadylsulfate, were obtained from Fluka, all 

solvents used were of analytical grade and were used without 

further purification. 

 

Instruments: The IR spectrum was recorded as KBr pellets on 
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The oxovandium complex derived from Schiff base ligand namely [2-(2-aminophenyl) iminomethyl) 6

phenylenedaimne and    o-vanilin was synthesized and characterized by elemental analysis, IR, 

The ligand acts as tridentate towards vanadylion via the azomethine nitrogen, phenolic oxygen and the 

The thermogravemtric (TG) analysis confirm high stability of the complex. Their catalytic 

promoted oxidation of the benzoin to benzil was investigated.  

Schiff base, Oxidation, Vanadyl Complexes. 

Schiff base are the compounds containing azomethine group (-

). They are condensation products of ketone or 

aldehydes with primary amines were first report by Hugo Schiff 

in 1864. Formation of Schiff base generally takes place under 

acid or base catalysis or in refluxed solvents
1
. Condensation 

products of aldehyde with only one amine group of diamine 

ive half units which can react with another 

aldehyde or ketones giving unsymmetrical Schiff base
2-4

.  

Schiff base of azomethine nitrogen donor heterocyclic ligands 

are well known due to their wide range of applications in 

also Schiff base derived 

from aromatic amine and aromatic aldehyde have wide variety 

of application such as biological activity, catalytic activity as 

well used as ligands to obtain metal complexes
6
.
 

Oxidation of benzoin to benzil has been extensively studied for 

In this paper we report the 

-phenylenediamine 

vanilin and oxovandium complex as catalyst in the 

phenylene diamine (Merck). O–

, were obtained from Fluka, all 

solvents used were of analytical grade and were used without 

The IR spectrum was recorded as KBr pellets on 

Shimadzu FT-IR. The HNMR spectra were recorded on a 

Bruker (400 MHZ), the spectra recoded in the DMSO

was used as internal standard and referenced to O.O ppm. Mass 

spectrum scanned by EI-technique at 70eV using Agilent 

Technologies 5975C spectrometer. 

 

Molar conductances were obtained using conductmeter

model 441 at room temperature –

was performed using CHNS-932 LECO Apparatus.

 

Synthesis of Schiff base: Quantity of 20 mmol (0.216 gm.) of 

1,2- phenylenediamine was dissolved in 20 mL of h

ethanol, to this an ethanolic solution 1 mmol (0.152 gm.) of 

ethanolic solution of o-vanilin was add drop 

stirring  

 

The solution was acidified by concentrated acetic acid and then 

the mixture was refluxed for three hours, th

product that formed after cooling was filtered,

water and recrystallized from water 

an oven at 70
o
C. Yield 75%. M.P. 264

 

Synthesis of Vanadyl complex A

mmol (0.163g.) was dissolved in hot water and the aqueous 

vanadyl sulfate solution was add drop wise into hot ethanolic 

solution of Schiff base ligand 1mmol (0.243 gm.). 

 

The above mixture was reflux for one hour. 

formed which was filtered, washed several times with hot water 

and dried at 80
o
C

.
Yield 88%. M.P.

physical properties are given in Table
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aminophenyl) iminomethyl) 6-methoxy 

ity in the oxidation 

 

aminophenyl) iminomethyl) 6-metzoxyphenol] result 

vanilin was synthesized and characterized by elemental analysis, IR, 

The ligand acts as tridentate towards vanadylion via the azomethine nitrogen, phenolic oxygen and the 

The thermogravemtric (TG) analysis confirm high stability of the complex. Their catalytic 

R spectra were recorded on a 

), the spectra recoded in the DMSO-d6. TMS 

was used as internal standard and referenced to O.O ppm. Mass 

technique at 70eV using Agilent 

 

were obtained using conductmeter- corning 

– Elemental analysis (CHN) 

932 LECO Apparatus. 

Quantity of 20 mmol (0.216 gm.) of 

phenylenediamine was dissolved in 20 mL of hot absolute 

ethanol, to this an ethanolic solution 1 mmol (0.152 gm.) of 

vanilin was add drop wise with constant 

The solution was acidified by concentrated acetic acid and then 

the mixture was refluxed for three hours, the orange solid 

product that formed after cooling was filtered, washed with hot 

water and recrystallized from water – ethanol (1:1) and dried in 

75%. M.P. 264- 266
o
C. 

Synthesis of Vanadyl complex A1VO: Vanadyl Sulfate 1 

0.163g.) was dissolved in hot water and the aqueous 

vanadyl sulfate solution was add drop wise into hot ethanolic 

solution of Schiff base ligand 1mmol (0.243 gm.).  

The above mixture was reflux for one hour. Green precipitate 

formed which was filtered, washed several times with hot water 

M.P. 298C
o
. The observed 

in Table-1. 
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Table-1 

Analytical and physical data of ligand and their Vanadyl complex 

Compound Formula Color M.P c
o
 

Elemental analysis found (calc.) 
(ohm

-1
. 

cm
2
.mol

-1
) 

Yield% 

C% H% N% 

A1 C14H14N2O2 Orange 264-269 
69.4 

(69.74) 

5.7 

(5.2 

11.57 

11.8) 
- 75 

A1VO C14H14N2O2VO Green 298dec 
51.70 

(51.36) 

4.34 

4.43 

8-61 

(8.82) 
8 88 

 

Results and Discussion 

Scheme-1 shows the steps of synthesis of the Schiff base. The 

Schiff base (A1) and oxo vanadium (IV) complex are subjected 

to elemental analysis. The result obtained is in good agreement 

with those calculated for suggested formula the Schiff base 

complex is soluble in DMF, DMSO. The analytical data indicate 

that the metal to ligand ratio is (1:1). The low conductivity       

(8 Ω
-1

 cm
2 

mol
-1

) in 10
-3

m DMF solution indicates that is non-

electrolytic nature. The value suggests that no anions are present 

outside the coordination spheres
11

. 

 

IR spectra: The IR spectra of the complex were compared with 

the Schiff base as in Table-2. In order to know the coordination 

sites that may be involved in chelating. The position and 

intensities of these peaks are expected to be changed on 

chelating. The IR spectrum of ligand showed a strong band at 

3369 cm
-1

 attributed to NH2. Group of 1-2-phenylene diamine. 

The IR of ligand show in Figure-1. The absence of band at 

1693cm
-1

 due to C=O of the aldehyde. Instead a new band at 

1612 cm
-1

 due to azomethine (HC=N) linkage appeared
11

. 

Indicating that the condensation between 1-2-phenylene diamine 

and o–vanilin has taken place resulting in to formation of the 

desired ligand A1, on complex the band of azomethine group 

shift to lower wave number in the range 1605 cm
-1

 indicating 

the coordination of the azomethine nitrogen atom to the vananyl 

ion
12

. 

 

The ligand show a broad band at 3466 cm
-1

characteristic of 

stretching of OH group, this band disappear in the complex 

spectrum Figure-2. Suggest the involvment of phenolic oxygen 

with metal after deportation, also a strong band at 1253cm
-1 13,14 

attraputed to the C=O in the IR spectrum of the ligand attributed 

to C-O  gets shifted to a lower wave number in the complex to 

1248cm
-1

 and this is indicative of banding through phenolic 

oxygen. 

 

NH2

NH2

1,2- Phenylene diamine

+

OCH3

OH

CHO

2-hydroxy-3-methoxybenzaldehyde

NH2

N C
H

HO

OCH3

(Z)-2-(((2-aminophenyl)imino)methyl)-6-methoxyphenol  
Scheme-1 

Synthesis the Schiff base 

 

Table-2 

Important IR spectral data cm
-1 

of Schiff base and their complex 

Compound N-H str. O-H str. O-H H2O C-H aromatic 
C-H 

alipatic 
HC=N str. V=O 

A1 3369 3466 - 3079 2950 1612 - 

A1VO 3504 - 3558 3058 2930 1605 981 
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HNMR: HNMR spectrum of Schiff base ligand in DMSO-d6 is 

shown in Figure-3. The spectrum show three singlet signal one 

of them at δ 3.8ppm (3H) attributed to methoxy group (OCH3)
14

, 

and the other signal at δ8.9 ppm assigned to the proton of the 

azomethine (HC=N)
15

, a signal at δ13.2 ppm attributed to 

phenolic proton
16

. The multiple signal in the rang δ6.96-7.64 

ppm attributed to aromatic proton
15

. 

 

 
Figure-1 

IR Spectrum of 2-( (2-aminophenyl) iminomethyl) 6-methoxy phenol 

 

 
Figure-2 

IR Spectrum of Vanadyl Complex 
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Figure-3 

1
H NMR Spectrum of  2-( (2-aminophenyl) iminomethyl) 6-methoxy phenol 

 

EI-Mass: The mass spectrum of ligand Figure-4. Shows the 

exact molecular ion at m/z242 with relative abundance 52% this 

peak indicate that the condensation between aldehyde and amine 

has take place resulting into the formation of the Schiff base 

ligand with the ratio (1:1) which agreement with the formula 

and its molecular ion. Also the spectrum shows a peak at m/z  

241 with relative abundance 85% corresponds to the ion [M  

H] 
+
, while the base peak appear at m/z  119 which attributed to 

the ion [C7H7N2]. 

 

 
Figure-4 

Mass Spectrum of of 2-( (2-aminophenyl) iminomethyl) 6-methoxy phenol 
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Thermal analysis: The thermal investigation was carried out 

from room temperature to 600
0
C

 
under nitrogen atmosphere (20 

mL/ min) with heating rate 10
o
C /min. The thermo gram of 

compound complex Figure-5. Indicate no mass loss up to 120
0
C 

which indicate the totally absence of lattice water
16

. The curve 

show a mass loss between (130 – 220
0
C) 5.5% which equivalent 

to loss of one coordinated water molecule (theoretical 5.53%)
16

. 

 

Catalytic activity: The catalytic activity of complex in 

oxidation of benzoin to benzil was carriedout in a 25ml R.B.F 

filed with condenser, aqueous solution (28%) of H2O2 as an 

oxidized agent. MeCN and CCl4 were used as solvent. The 

catalytic activity study was carried out in 30ºC and 50ºC, the 

effect of time was studied. The product was monitored by UV-

Visible Spectroscopy using 1cm quartz cell, the λmax of benzil 

290 nm. (Figure-6). 

 

Figure-7 shows that the absorbance at 290 nm increases with 

reaction time as an indication of the catalysts, namely A1VO. 

 

The influence of time on the oxidation was found to increase 

(3.7 folds) as increasing the time from 1hr. to 25 hr. at 30ºC in 

CCl4 (Figure-8). 

 

 
Figure-5 

Tg/DTgthermogram of complex 

 

 
Structure of complex 



Research Journal of Chemical Sciences __________________________________________________________E-ISSN 2231-606X 

Vol. 6(3), 56-65, March (2016) Res. J. Chem. Sci. 

 

 International Science Community Association            61 

200 220 240 260 280 300 320

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2
benzil

benzoin

Wave length (nm)

A
b

s
o

rb
ti
o

n

 
Figure-6 

Absorption spectra of benzoin and benzil in acetonitrile
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Figure-7  

Change in the absorption spectra with time using A1VO 

 

But no siginificant effect of time was observed at 50 ºC with 

increasing time. it means that the temperature effect is 

predominate. Figure-9. 

 

The effects of temperature was investigated at two temperatures 

30ºC and 50ºC in CCl4 after 6 hrs the catalytic activity increased 

with increasing temperature (1.498 folds), Figure-10. 

 

The influence of time on the oxidation was found to increase 

(1.485 folds) as increasing the time from 1 hr. to 7 hr. at 50ºC in 

MeCN. (Figure-11). 

 

Figure 12 shows the influence of solvent on oxidation rate at 

50ºC it is clear that the non polar solvent [CCl4] shows a 

significant effect
16

. 

MeCN< CCl4 
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Figure-8 

Catalytic activity with time for the formation of benzil in CCl4 at 30ºC 

 

 
Figure-9 

Catalytic activity in two reaction temperatures in MeCN after 6 h reaction time 

 

Conclusion 

Oxovanadium complex of tridentate Schiff base resulted from 

condensation o-phenylenediamine and o-vanillin in 1:1 mole 

ratio have been prepared and characterized by IR, HNMR, Mass 

and thermal analysis. The catalytic activity for oxidation of 

benzoin to benzil was investigated in different temperatures and 

different solvents. 
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Figure-10 

Catalytic activity with time in CCl4 at 50ºC 

 

 
Figure-11 

Catalytic activity with time in MeCN at 50ºC 
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Figure-12 

Effect of solvent on % yield of benzil at 50ºC 
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