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Abstract

Two square pyramidal vanadyl complexes have been synthesized using tetradentate Schiff bases, by the condensation of benzoin
and o-phenylenediamine/ethylenediamine in the ratio 2:1. These complexes were characterised using elemental analysis, FTIR,
UV-Visible, ESR spectroscopic methods, magnetic susceptibility, molar conductivity measurements and thermal analysis. These
complexes have the general formula [VO(L)], where L - tetradentate Schiff bases were found to be non-electrolytic in nature. The
infrared spectra reveals that two azomethine nitrogens (-C=N-) and two oxygen atoms from the ligands are coordinated to
oxovanadium(lV) resulted in VO(N2O) chromophore. The electronic spectra suggested that they were square pyramidal in shape.
The thermal decomposition of one the compound VO(BOP) shows that it was thermally unstable. The eight line hyperfine splitting
in ESR spectra indicates that a single vanadium is present in the molecule and both are paramagnetic. The metal complexes have
been screened for their antibacterial activity against organisms like E.coli, S.aureus, Serattai sp, P.aeruginosa and B.cereus, and
the complexes have more activity than the ligand.
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Introduction

A ketone or an aldehyde when condensed with a  From the literature survey it was revealed that the
primary amine, schiff base, a compound containing  synthesis of both these tetradentate Schiff bases from
azomethine group R-C=N- is obtained, which on benzoin and ethylenediamine/o-phenylenediamine, with
interaction with metal ions yield stable chelates with N,O, system, and their metal complexes (Co**,Ni**,Cu®*
special properties. They have applications in biological, and Mn®") were reported by H.N.Aliyu etal®?. But
biochemical, anticancer, analytical and catalytic fields  these complexes were characterized by IR, specific
and possess antimicrobial activity. Also tetradentate conductance, colour and its solubility only, and also their
Schiff bases containing N,O, donor atoms are very interaction with oxovanadium(lV) was not reported. As a
important chelating ligands for designing medicinally and  continuation of our studies to synthesise oxovanadium
catalytically useful metal chelates™™. Vanadium is found complexes of Schiff bases, the present manuscript
to be very important element because it exhibit variety of  describes the synthesis of square pyramidal
insulin mimetic properties®. It decreases the insulin  oxovanadium(IV) complexes of these ligands and their
requirements of diabetic rats and supplementation of  characterisation using elemental analysis, FTIR, UV-Vis,
vanadium in the diet at subtoxic level leads to variety of = ESR spectroscopic methods, molar conductance,
metabolic changes including disturbances in the sulphur ~ magnetic susceptibility measurements and thermal
metabolism and cholesterol synthesis®®. analysis.
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Experimental

Benzoin, o-phenylene diamine, ethylene diamine,
vanadylsulphate, ethylalcohol, etc. were purchased
from Merck and used as such without any further
purification. The elemental analysis (CHNS) were
performed using EL elemental analyser at Central
Electrochemical Research Institute (CECRI). The FT
infrared spectra were recorded in the range 4000-
400cm™ on a Schimadzu FTIR 8400S spectrometer
using KBr pellet techniques. Electronic (UV-VIS)
spectra were recorded on a Schimadzu UV-
spectrophototmeter in the range 200- 1100 cm™ using
DMSO solvent. The thermal analyses were carried out
using universal V4.5A Thermal analysis instrument in
an atmosphere of static air with a heating rate of
10K/min. The ESR spectra of various Schiff base
complexes were recorded on a JES-X; series in the
scan range of 2300-4300 Gauss. The molar
conductance was measured on ELICO-CM180 using

BOP:

| T

DMSO as the solvent at room temperature. The
magnetic  susceptibility measurements of the
complexes were carried out using a Guoy balance
method. The antibacterial studies was carried out with
disc diffusion method.

Synthesis of schiff bases
a) From Benzoin and O-Phenylenediamine (BOP)

To the ethanolic solution of benzoin (4.42g, 0.02mol in
20ml ethanol) an ethanolic solution of o-phenylene
diamine (1.08g, 0.01mol in 20ml ethanol) was added,
followed by the addition of sodium acetate (4g), and
the mixture was refluxed for an hour. The hot solution
was poured into ice cold water and yellow precipitate
of the Schiff base separated out. It was filtered,
washed with water, dried and recrystallised from
ethanol®” . Their scheme of preparation is shown in
Figure 1
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Figure 1: Schematic representation of synthesis of tetradentate ligand BOP

b) From Benzoin and Ethylenediamine (BED)

The same method was adopted for
ethylenediamine(lo’ll) complex also in which (4.48g,

H H
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c—— OH HO——C i
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0.01mol) ethylenediamine dissolved in 20ml alcohol
was used instead of o-phenylenediamine. Its scheme
is represented in Figure 2.
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Figure 2: Schematic representation of synthesis of tetradentate ligand BED
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Synthesis of Oxovanadium (IV) complexes

A solution of the Schiff base was prepared by
dissolving 4.96g, (0.01mol) in 50mL ethanol. To this
solution an ethanolic solution of VOSO,
(2.5390,0.01mol) was added followed by dropwise
addition of ammonia. The dark green coloured
complex was precipitated out, separated, filtered and
washed several times with distilled water and hot
ethanol. The same method was used for other
complex with a solution contamlng 4.489,0.01 mol of
the ligand BED in 20ml ethanol™

Results and Discussion

The Analytical data (Table 1) suggests that the
synthesized complexes have the molecular formula
[VO(BOP)] and [VO(BED)] where BOP and BED are
the tetradentate Schiff bases (1:1 metal to ligand
stoichiometry). These complexes are stable , non-
hygroscopic and dark green in colour. They have
molar conductance in the range of 11-12.5 S cm’mol™
indicating that they are non-electrolytic in nature. The
physical, analytical and conductivity data are
presented in Table 1

Table 1:Physical characterisation, analytical and molar conductance data.

Compound Mol.Wt Colour Yield
CaHsN,O.(BOP) 49656  Yellow  75%
[VO(BOP)] 561.48 (Erire"n 65%
CaH2sN,O.(BED) 44852  Yellow  75%
[VO(BED)] 513.44 GDr 22(” 65%

Infrared analyses

The vo.4 absorption observed in the region 3416-3379
cm™ in benzoin was there in the ligand prepared from
benzoin and o-phenylenediamine, but was missing in
the vanadyl complex synthesized. It is due to the
deprotanation of the O-H group of the ligand and
coordlnatlon of oxygen to the metal. The band at 1680
cm™ was observed in the new ligand (BOP) is
assigned to vc-y Of azomethlne group was shifted to
lower frequency 1660 cm™. The lowering of this band
supports coord|nat|on of N atoms of azomethine group
to the VO** . It was further supported by M-N peak
at 466 cm™ and M-O peak at 580 cm™. The peak
observed at 987cm™ was due to vy-o .

Elemental Analysis (%) Found (Calc)

Am

c H N M S cmy

mol

82.20 5.600 5.700 B B
(82.23) (5.683) (5.638)
69.29 4.929 4.133 11.87 11
(72.72) (5.026) (4.986) (11.92)
80.11 6.300 6.200 B B
(80.33) (6.292) (6.242)
71.24 5.236 5.702 13.10 125
(70.17) (5.496) (5.453) (13.03) :

In ethylenediamine-benzoin complex, also the

absorption at 3415-3379 cm™ due to vo was found to
be missing, due to deprotonation and coordination of
oxygen to the metal. The azomethine vc-y absorption
at 1610 cm™ in the free ligand was shifted to Iower
frequency 1585 cm’ ! and new peaks at 449 cm™, 596
cm™ were assigned to be vyn & Vuo respect|vely
These data support the coordlnatlon of azomethine
group to oxovanadium group ). The coordination of
nitrogen atom of azomethine group to metal is
expected to reduce the bond order of C=N group and
hence decreases its stretching frequency (vc=n). The
IR data are presented in Table 2.

Table 2. Infra-red spectral data of the Schiff bases and its vanadyl complexes

OH-

\Y \Y
Compound OH bending C=N
Benzoin 3416-3379 1388
C34H2sN20> _ .

(BOP) 3416- 3361 1680
[VO(BOP)] - - 1660
C3oH2sN20> . .

(BED) 3415-3379 1610
[VO(BED)] - - 1585
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UV-VIS Electronic spectra and magnetic
susceptibility measurements

The free ligands shows absorptlon maxima appearing
around 35714 and 30769 cm™ for BOP and 34482 and
26315 cm™ for BED was due to n— T and T
transition respectively. But in the complex three higher
energy bands appearing around 21008, 15151 and
11627 cm’ a55|gned to

B, Al ’B,.%B, and BZ_, ’E for complex 1 and
21008, 16000 and 11235 cm™ due to

’B,~°A; | ’B,~°B; and °B,-°E for complexes 2
respectively. These absorptlon bands are typical of
square pyram|dal 2 vo?* species.

Table 3. UV-Visible Spectral Data and magnetic moments

Absorpt|0n Max

Compound (cm™)
35714

Ca4H25N,0,(BOP) 30769
21008

[VO(BOP)] 15151
11627

34482

Ca0H2sN20,(BED) 26315
21008

[VO(BED)] 16000
11235

The magnetic moments of these complexes were seen
to be in the range 1.98 - 1.99 BM which are also

2+
supporting the square pyramldal geomentry of VO
complexes , a 3d* system( The electronic spectral
details and magnetic moments were presented in
Table 3.

Thermal studies

From the thermogram (Figure 3) the o-
phenylenediamine oxovanadium complex [VO(BOP)]

Assignments u (BM)

n- 1*

T TT*
ZBz R 2A1
B, °B; 1.98 BM
ZBZ—»ZE

n- 1*

T TT*
ZBz R 2A1
‘B, 2B, 1.99 BM
ZBZ—»ZE

was found to be thermally stable upto 50°C. When
temperature increases, a mass loss of 20% was
observed at the temperature range 50- 90°C. The
second stage of decomposition starts immediately at
90°C and progressing till 175°C, with a mass loss of
21%. The third stage is seen starting at 175°C and
ends at 1000°C. But even at 1000°C the
decomposition does not stop and a horizontal plateau,
for a stable residue was not obtained.
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Fig 3: TG/DTA curve of [VO(BOP)] in Static Air
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On heating, the loss of bulky Schiff base from the
complex takes place in three different stages and
finally V,0s, a stable residue was expected, with a
mass percentage of 15.70%. But even at 1000°C the
mass percentage observed was only 25% , indicates
that the decomposition is not yet completed.

ESR Spectroscopy

The X-band ESR spectra of both the complexes were
recorded in DMSO at LNT (177K), given in Figure
48&5. In the frozen state, it shows two sets of eight
lines which are due to parallel and perpendicular
resonance feature of VO**. The eight line peaks are

due to hyperfine splitting originating from the
interaction of unpaired electrons with >V nucleus
having a nuclear spin of

I=7/2. This confims the presence of single

oxovanadium(lV) in the complexes. The g , 9+, 9y

gBH =hu (1)
g(av) = 1/3(g) + 2 gu) 2
Al@v) =1/3 (A +2AL) 3
Aj, AL and A, are calculated using the equation.
and represented in Table 4. It was found that g < g1 in

both the complexes, is in good agreement with square
pyramidal geometry. For ethylenediamine complex g-
values are very close to spin only value of 2.0020 (free
electron) suggesting little spin — orbit coupllng (23:25)

Table 4: ESR spectral data of the complexes

Complex gj oL
VO(BOP) 1.929 1.9570
VO(BED) 1.963 2.0076

gav Al (G) AL (G) Aav (G)
1.9477 195.04 86.07 122.39
1.9929 197.19 73.17 114.50
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Figure 4: ESR Spectrum of VO(BOP) in LNT
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Figure 5: ESR Spectrum of VO(BED) in LNT

Antibacterial studies chelation theory. According to overtone’s concept of

cell permeability the lipid membrane that surrounds
The ligands and the vanadyl complexes were assayed the cell favours the passage of lipid soluble materials.
for their antimicrobial activities against E.coli, On chelation, the polarity of metal ion will be reduced
S,aureus, P.aeruginosa, Serratia sp and Bacillus to a greater extent due to overlap of the ligand orbitals
cereus by the disc diffusion method®®?”. It was found and partial sharing of positive charge of the metal ion
that the complexes have better activity than the with donor groups. Therefore the delocalisation of 1t
ligands explained by the theory of Tweedy. This is electrons in the chelate ring increases and enhances
probably due to the greater lipophilicity nature of the the penetration of the complexes into lipid
complexes. Such increased activity of metal chelates membranes. The antibacterial data are presented in
can be explained on the basis of overtone concept and Table 5.

Table 5. Antibacterial activity data of the ligand and its complexes

Escherichia Staphylococcus Pseudomonas  Serratia  Bacillus

Compound coli aureus aeruginosa sp cereus Inference
C34H2sN,0,(BOP) 9 10 7 8 12 ++
[VO(BOP)] 13 14 13 13 13 +++
C3oH2sN20,(BED) 7 10 8 9 - ++
[VO(BED)] 11 13 15 10 11 +++
Conclusion
In this work the synthesis and characterisation of the ligand are coordinated to metal ions generating a
tetradentate Schiff base ligands derived from benzoin square pyramidal environment. The antibacterial
with o-phenylene diamine (BOP) / ethylenediamine screening tests were also performed against bacteria
(BED) and its interaction with oxovanadium(lV) was which indicate that the vanadium complexes exhibit
reported. good antibacterial activity than the ligands. Based on

the above results the structure of coordination
compounds under investigation are formulated in
Figure 6.

The metal complexes formed were non-electrolytic in
nature. The analytical and spectral data suggests that
two azomethine N atoms and two oxygen atoms from
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Figure 6:The proposed square pyramidal structure of complexes
VO(BED)] & [VO(BOP)]
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