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INTRODUCTION

Vanadium exits in variable oxidation numbers. In normally
existing compounds vanadium is in +3, +4 and +5 oxidation
states. Vanadium compounds generally embrace 5-coordinate
square pyramidal or 6-coordinate distorted octahedral struc-
tures. The combination of same ratio of tridentate ligand with
metal salt gives related oxovanadium(I'V) derivative [1]. Several
enzymes depend on the presence of vanadium; examples are
haloperoxidase, nitrogenase, ¢t-olefin polymerase, etc. These
findings inspired to investigate coordination compounds of
vanadium [2]. Vanadium is an essential trace element in bio-
logy. It plays essential role in many metabolic and mutagenic
processes. Studies on simple coordination compounds of
vanadium are useful to predict its biological role. Vanadium
complexes of amino acids and peptides are better examples for
bioinorganic studies. The ligand field chemistry of vanadium
is of great current interest because of its affinity for a variety
of organic compounds and structural diversities. The potential
applications of vanadium complexes in the fields of biology,
medicine and industry have attracted the thoughts of inorganic
chemists [3-9]. Vandaium complexes of acylhydrazones are
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Vanadium(III) complexes having the composition VLCl; [where L = 2-acetylpyridine acetoylhydrazone (APAH), 2-acetylpyridine |
benzoylhydrazone (APBH), 2-acetylthiophene acetoylhydrazone (ATAH) and 2-acetylthiophene benzoylhydrazone (ATBH)] have been |
investigated using physico-chemical and analytical techniques. Molar conductivity data suggested that the complexes are neutral. Structures
of all the vanadium(III) complexes are determined based on infrared and UV-visible spectral data. Electronic spectra of vanadium(III) |
complexes show three peaks suggesting octahedral structure. Comparison of vibrational spectra of hydrazones and complexes suggest |
that the hydrazones act as neutral tridentate ligands. The ligands and their vanadium derivatives are screened for their bacteria destroying |
activity against pathogenic bacterial strains viz. Gram-negative E. coli, Gram-positive Bacillus, Gram-positive Staphylococcus aureus and |
Gram-negative P. aureoginosa. Bacteria destroying activities of present complexes are comparable to the activity of the streptomycin.
Complexes show more activity than their respective ligands in the case of Gram-positive Bacillus and Gram-negative P. aureoginosa. :
|

Keywords: Synthesis, Characterization, Vanadium(III) complexes, Heterocyclic hydrazones, Antibacterial activity.

investigated to derive models for enzymes. Vanadium complexes
with ONS donor ligands are known to exhibit insulin mimetic
activity [10]. Vanadium complexes show tumour growth retar-
dation, prophylaxis against carcinogenesis to in-act enzymes.
Certain oxovanadium complexes of thiosemicarbazones show
more antituberculosis activity than the free ligands [11].

Vanadium(III) compounds have been studied less frequently
than the related vanadium(IV or V) derivatives. However, the
vanadium(III) compounds are known to participate in biological
redox reactions. For example, in ascidians the principal oxida-
tion state of the metal is +3. Free metal ion has two disadvan-
tages: (1) toxicity and (2) low biological activity. However,
the metal on binding with organic ligands show less toxicity
and more activity and thus adverse effects of free metal ion are
minimized. The vanadium compounds show insulin-mimetic,
antihypertension, antihyperlipidemia, antiobesity activities.
The finding that certain ascidians contain vanadium(III) comp-
lexes in their blood cells, inspired inorganic chemists to cultivate
complexes of vanadium [12]. The complexes of vanadium(III)
with Schiff base ligands show remarkable biological [13,14]
and catalytic [15] activities.
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Hydrazones, particularly tridentate functionalized ligands
have recently attracted considerable interest [15,16]. However,
NNO and NOS donor ligands have received little attention
[17,18]. Investigations on metal complexes with heterocylic
hydrazones having assorted donor atoms exhibit broad spec-
trum of biological and pharmaceutical (anticancer, antitumour,
antimicrobial and antiproliferative) activities [19-24]. The
tautomerism of these ligands permits various structural features
[25] for the corresponding metal derivatives. The diverse uses
of metal complexes with hydrazones in the area of biological
[26-28] and industrial processes [29,30] guided us to synthesize
the tridentate NNO and NOS functionalized hydrazone ligands
and their vanadium(III) compounds. Jang et al. [31] have studied
bivalent transition metal complexes with 2-acetylpyridine
benzoylhydrazone (APBH) and structures of Mn(II) and Zn(II)
derivatives with APBH were elucidated. However, there is no
report on the structure determination of V(III) complex with
ATBH and other selected ligands.

Looking into the importance of V(III) complexes, based
on the lacuna identified and to continue our interests [32-36],
herein, we report synthesis, spectral characterization and anti-
bacterial activity of new hydrazone ligands and their vana-
dium(III) derivatives.

EXPERIMENTAL

The organic precursors (2-acetylthiophene, acetichydrazide
and benzhydrazide) and VCl; were bought from Sigma-Aldrich
Chemical companies. Only pure solvents prepared by distilla-
tion were used in the making of ligands and their vanadium
complexes.

Synthesis of ligands: Recently we have described [33]
synthesis of ligands viz. 2-acetylpyridine acetoylhydrozone
(APAH), 2-acetylpyridine benzoylhydrozone (APBH), 2-acetyl-
thiophene acetoylhydrozone (ATAH) and 2-acetylthiophene
benzoylhydrazone (ATBH) ligands.

General procedure for synthesis of complexes: The
complexes were synthesized by adding VCl; (0.88 g dissolved
in 20 mL of methanol; 0.55 mmol) to hot methanolic (20 mL,
0.55 mmol) solution of ligand (APAH/APBH/ATAH/and ATBH)
in a clean 100 mL round bottom flask and heating under reflux
on water bath for 3 h. Finally, reaction mixture was allowed
to stand at room temperature for 1 h. After slow evaporation,
yellow coloured compound was separated out. It was collected
by filtration, washed with methanol followed by hexane and
dried in air. Percentage yields of V(APAH)CL; V(APBH)Cl,,
V(ATAH)Cl; and V(ATBH)CI; complexes are 65, 62, 60 and

70, respectively. The details of instruments used in the present
work were given in published research articles [32-36].

Antibacterial activity: Preparation of sample solution,
details of bacterial strains and procedures in the determination
activities of compounds are described in previously articles
[33,34]. E. coli IMTCC 443), Bacillus cereus (MTCC 1305),
Staphylococcus aureus (MTCC 3160) and Pseudomonas aureo-
ginosa (MTCC 2453) were targeted in the light of their clinical
and pharmacological importance. The cultures were incubated
for 1 day at 37 °C on nutrient agar. The microorganisms were
cultivated on Mueller-Hinton agar plates at 37 °C. The stock
cultures were kept at 4 °C to grow.

Preparation of discs: In a clean and dry petri plates,
Whatman No. 1 filter paper discs of 5 mm diameter were auto-
claved,. The discs were wetted in solutions of compounds for
5 h and these were taken as test material. The discs were dried
in shade after 5 h. The concentrations of compound solutions
per disc are calculated for 0.1 g per 1 mL. Later they were
carefully transferred to spread on cultured petri plates. Filter
paper discs immersed in ethanol are prepared and used as
positive control and streptomycin as negative control.

The agar medium was sterilized at 121 °C for 30 min. to
test the antibacterial activity. The agar plates were prepared
by pouring about 10 mL of the medium into 10 cm petri dishes
under autoclave condition and kept undisturbed for 2 h to
solidify the culture medium. A 1 mL of inoculums (containing
suspension) of E. coli, Bacillus cereus, Staphylococcus aureus
and Pseudomonas aureoginosa was poured on to the plates
separately with solid agar media. The prepared sterile filter
paper discs were dipped into the solutions of compounds and
shaken well. The test plates were incubated for a period of 2
days in BOD at 37 °C for the growth of inhibitory zones, The
average of two independent readings for each organism in each
compound solutions were computed. After one day at 37 °C,
the retarding zones were determined for bacteria. With the aid
of plastic ruler, the diameter of the inhibition zone was measured
and computed.

RESULTS AND DISCUSSION

Vanadium compounds are rigid at room temperature and
non-hygroscopic. The complexes are partially soluble in water,
less soluble in CH;OH and C,HsOH and readily soluble in
CH;CN, DMF and DMSO.

The colours, melting point data & molar conductivity data
of complexes are given in Table-1. Millimolar solutions were
made in 25 mL volumetric flasks by dissolving the vanadium

TABLE-1
PHYSICO-CHEMICAL AND ANALYTICAL DATA OF LIGANDS AND THEIR VANADIUM COMPOUNDS

Ligand/

Elemental analysis (%): Found (calcd.)

Molar conductivity

compound fow. Colour m.p. (°C) C T N v (@' cm®mol™)
APAH 177 Colour less 162-164 61.49 (61.01) 6.21 (6.25) 23.65 (23.71) - -
V(APAH)Cl, 334  Pale brown > 280 (32.33) (3.29) (12.57) (15.25) 1.5
APBH 239 Pale white 145-147  69. 60 (70.27) 5.63 (5.47) 17.72 (17.56) - -
V(APBH)Cl, 396  Pale brown > 280 (42.42) (3.28) (10.60) (12.86) 6.1
ATAH 182  Colourless 176-178 53.25 (52.74) 5.52 (5.49) 15.30 (15.38) - -
V(ATAH)Cl, 339 Pale yellow > 280 (28.31) (2.94) (8.25) (15.02) 2.1
ATBH 244 Pale white 198-200 64.50 (63.93) 4.85 (4.91) 11.60 (11.47) - -
V(ATBH)Cl, 401 Brown > 280 (38.90) (2.99) (6.98) (12.70) 3.9
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complexes in DMF and the solution is poured in to a clean
100 mL measuring beaker and conductivity value was measured
at room temperature. Molar conductivity values of vanadium
complexes are included in Table-1. The values suggest non-
electrolytic nature [37] of the complexes.

UV-visible spectroscopy: Spectra of vanadium(III)
compounds are scanned in dimethylformamde. Typical UV-
visible spectra of V(APBH)Cl; complex are shown in Fig. 1.

The low energy term for the d” free ion is °F. It splits in a
weak octahedral field to give *T\, (F), *Ta, and *A,, spectro-
scopic states. The next high energy term for the o free ion is
’P. It does not split, but it is transformed into spectroscopic
state viz. *Tig (P). But °T), (F) is considered as ground spectro-
scopic state. UV-visible spectral values of vanadium com-
pounds are given Table-2.

TABLE-2
UV-VISIBLE SPECTRAL DATA (cm™') OF
VANADIUM COMPLEX IN DMF
Transitions

Complex 3T, (F)—» T, —> T, Structure
i3 iy L= assignment

Ty Ay, T, (P)
V(APAH)Cl, 12,990 26,315 34,100  Octahedral
V(APBH)Cl; 12,900 25,970 33,900  Octahedral
V(ATAH)Cl; 12,560 24,660 32,320  Octahedral
V(ATBH)Cl, 12,200 24,100 31,150  Octahedral

Three peaks are noticed in the electronic spectra of
V(APBH)Cl; compound at 12,903, 25,974 and 33898 cm’.
And these bands are, respectively assigned to 3T1g F) — 3T2g$
T\ (F) = *Asgand °T), (F) — T}, (P) electronic transitions in
favour of octahedral structure [38].

Vibrational spectroscopy: FT-IR spectra of compounds
in the region 4000-400 cm™ are analyzed in comparison with
that of the spectra of metal vanadium free hydrazone ligands.

2.87814

2.5903

2.30254

2.01474

1.72691

1.43901

Absorbance

1.15121

0.86341

0.57561

0.28781

270 293 316 339 362 385 408 431 454 477 500

Wavelength (nm)

Absorbance

The typical peaks of hydrazone ligands and their palladium(III)
complexes are given in Table-3. IR spectra of all the four vanadium
complexes are very similar in peak positions and intensities.
This observation indicates a close structural similarity among
vanadium complexes.

TABLE-3
ASSIGNMENT OF IR DATA (cm™") OF
LIGANDS AND THEIR VANADIUM COMPLEX

Compound ~ Vv(NH) v(C=0) v(C=N) V(V-N) v(V-O)
APAH 3185 1678 1620 - -
V(APAH)Cl, 3195 1650 - 547 458
APBH 3177 1654 1616 - -
V(APBH)CL, 3095 1659 - 574 549
ATAH 3174 1666 1606 - -
V(ATAH)Cl, 3075 1647 1581 590 -
ATBH 3327 1651 1608 - -
V(ATBH)Cl, 3148 1660 1604 543 498

The IR spectra free ligands show strong peaks in the 1678-
1651 cm™ region. These peaks are assigned to v(>C=0) of amido
group. This band is shifted to lower frequencies indicating the
involvement of amido oxygen in coordination to vanadium(III).
The vibrational peaks in 1620-1606 cm™ region are due to the
V(C=N) of azomethine. These bands are changed to lower energies
on complex formation suggesting the participation of azomethine
nitrogen in coordination bonding to the vanadium [39]. Vibra-
tional bands in the 3327-3174 cm™ region may be assigned to
the v(N-H) for the metal free ligands. These bands are present
in all the complexes indicating that the ligands do not undergo
enolization. These observations suggest that the present hydra-
zones act as neutral tridentate ligands. The pyridine and thio-
phene ring deformation modes observed in 625-620 and 715-
710 cm™' regions, respectively. These peaks are moved to higher
wave number indicating coordination of hetrocyclic N/S to

1.2261
1.1035 B)
0.98091
0.85831
0.73571
0.61311
0.49051
0.36781

0.2452 1

0.1226 1

450 515 580 645 710 775 840 905 970 1035 1100
Wavelength (nm)

Fig. 1. UV-visible spectra of V(APBH)CI; (A) in the UV region and (B) in the visible region. In total three peaks are observed in A and B
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TABLE-4
ZONE OF INHIBITION (mm) DATA SHOWING ANTIBACTERIAL ACTIVITY OF LIGANDS* AND THEIR VANADIUM COMPLEXES
Gram-negative Gram-positive
Compound E. coli P. aureoginosa Bacillus Staphylococcus aureus
200 pg 300 pg 500 pg 200 pg 300 pg 500 pg 200 pg 300 pg 500 pg 200 pg 300 pg 500 pg
V(APAH)Cl, 242 25(5.6) 3(6.6) 2(7) 2 (8) 3(8.5) 5(5) 6 (6) 8.5(6.5) 4(7) 5(8) 6(9)
V(APBH)Cl; 1(2) 1.5@) 2 (6) 4 (6) 6 (7) 8 (7.5) 6 (5) 6.6 (5.5) 8 (6) 34 3 (6) 5(8)
V(ATAH)Cl, 2(4) 2 (6) 3(6.5) 6 (5) 7(5) 8 (6) 4(5) 5(6) 6 (7) 5 (6) 5.5(8) 6(9)
V(ATBH)Cl, 2(5.5) 22@45) 35(.5) 8(5) 8 (5) 9 (6) 54 6(5) 7 (6) 44) 5(6) 7(7)
Streptomycin 5.5 6.6 7.5 6 8 10 6.6 7.5 9.5 10 12 13

*Inhibition data of ligands are shown in parenthesis

vanadium atom. The new peaks in 590-543 and 498-488 cm™
regions are ascribed, respectively to v(V-N) and v(V-O) vibra-
tions. The tridentate behaviour of hydrazone ligands and the
stoichiometry of complexes are in similarity with earlier obser-
vation [40].

Analytical, physico-chemical and spectral data are sugges-
tive of octahedral structure for the V(III) complexes. A general
structure is shown in Fig. 2.

~ CH @ CH

\T (|:|/ 3 i ?l/ 3
cl |

SN N

O:C\R o= ~R

R = CHg ; APAH R = CHs; ATAH

R =CgHs ; APBH R = CgHs ; ATBH

Structures of V(III) complexes with APAH, APBH, ATAH and ATBH
ligands

Fig. 2.

Antibacterial activity studies: The diameters (mm) of
the zones of complete inhibition are given in Table-4. The
activities of our compounds are almost similar to the activity
of the standard drug (streptomycin).

A comparison (Table-4) of growth inhibition zones of
APAH, APBH, ATAH and ATBH ligands and their vanadium
complexes suggests that the complexes showed more anti-
bacterial activity than the free ligand, This observation is similar
to findings in literature [41-43]. For example, V(APAH)Cl;,
V(APBH)CI; and V(ATBH)CI; show increased activity than the
respective ligands against Bacillus. In a similar way, V(ATAH)Cl;
and V(ATBH)Cl; complexes showed superior activity than the
constituent ligands. Such increased activity of ligand on complex
formation is explained on the basis of chelation. The increased
activity of vanadium complexes may be understood with
Overtone’s concept [43] and Tweedy’s chelation theory [44].
The cell membrane is a bi-layer. It is composed of both protein
and lipid layers. As per the principles of cell permeability,
lipid solubility is the prime factor for showing antibacterial
activity. In complexes the polarity metal greatly decreases due
to delocalization of mt-electrons. The low polarity of metal in the
complex enhances its penetration ability into the lipid memb-
rane. On entering into the cells metal derivatives blocks the
enzymes of the microorganisms [44,45] leading to death of bacteria.
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