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Bactericidal activity of different oxovanadium(IV) complexes
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Abstract

Oxovanadium(IV) complexes have been synthesized and characterized the general composition [VOL(A)], where
H,L = salicylidene-o-aminothiophenol A' = bis(benzylidene)ethylenediamine, A> = bis(acetophenone)ethylenediamine,
A’ = 2,2-bipyridylamine, A* = bis(benzylidene) — 1,8-diaminonaphthalene, A’> = thiophene-o-carboxaldeneaniline and
A® = thiophene-o-carboxaldene-p-anisidine. Spectral studies indicate that the oxovanadium(IV) complexes assume a six-
coordinate octahedral geometry. The antibacterial activities of the complexes against Salmonella typhi, Escherichia coli and
Serratia mercescens are higher as compared to the free ligands, vanadyl sulphate, and the control (DMSO) but of moderate

activity as compared to the standard drug (tetracycline).
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Introduction

The coordination chemistry of vanadium with sulfur-
containing ligands is an emerging field of interest with
relevance to several disparate biological system [1,2].
Interaction between transition metals and proteins are
ubiquitous in biochemistry [3]. The fundamental
intrinsic nature of these interactions can be studied in
metal complexes with amino acid Schiff bases [4]
which has led to the suggestion that Schiff bases act as
a tridentate ligand containing an azomethine nitrogen
atom and the terminal two oxygen atoms of the
carboxylate group as well as the hydroxyl group [5].
Several vanadium complexes of the tetradentate Schiff
bases Salyen-type ligands have been proposed for
treatment of obesity and hypertension [6,7]. Some
transition metal complexes of heterocyclic sulfona-
mides and aminosulfonamide derivatives possess
powerful carbonic anhydrase inhibitory properties
[8]. Several quinolone derivatives like ciprofloxacin
have excellent coordinating property and possess
remarkable antibacterial activity [9]. A major advance

in the use of vanadium has been the development of
organic vanadium complexes [10] and the increase in
interest in the bio-inorganic chemistry of vanadium
has been documented by the appearance of two
monographs [11,12] during the 1995s. Recently it has
been proved that several coumarins and sulfonamides-
derived Schiff bases and their metal complexes are less
cytotoxic and the decrease in cytotoxicity is due to
coordination with the metal ion [13,14].The present
communication describes the preparation, characteri-
zation and bactericidal studies of some oxovana-
dium(IV) complexes with tridentate and bidentate
ligands. Structures of the Schiff bases are shown in
Figure 1.

Materials and methods
Chemistry

All the chemicals used were of analytical grade.
o-Aminothiophenol, 2,2'-bipyridylamine, 1,8-diamino-
naphthalene and thiophene-o-carboxaldehyde were
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purchased from Lancaster, Morecambe, UK. Salicyl-
aldehyde, benzaldehyde, acetophenone, ethylenedia-
mine, aniline, p-anisidine and vanadyl sulphate were
purchased from E. Merck (India) Limited. Mumbai.
The organic solvents were purified by standard
methods [15].

Preparation of Schiff bases: Salicylidene-o-amino-
thiophenol (H,L): Salicylidene-o-aminothiophenol
(H,L) was prepared by a condensation reaction
between salicylaldehyde (10mmol, 1.22g) and
o-aminothiophenol (10 mmol, 1.25g) in ethanol
(100 mL). The obtained compound was filtered and
recrystallized from dilute acetic acid. The structure
was confirmed by elemental analyses and IR spectra.
Yield: 1.73 g (70%), M.p.: 128°C.

Bis(benzylidene) ethylenediamine (A ) : The bis(benzy-
lidene)ethylenediamine(benen) was synthesized by a
published procedure [16].

Bis(acetophenone) ethylenediamine (A °): The bis(aceto-
phenone)ethylenediamine was synthesized by a
published procedure [16].

Bis(benzylidene) — 1,8-diaminonaphthalene (A?):
An ethanolic solution (100mL) of 1,8-diamino-
naphthalene (10mmol, 1.58g) and an ethanolic
solution (100mL) of benzaldehyde (20 mmol,
2.12 g) in a molar ratio 1:2 were mixed with constant
stirring, refluxed for 5h and then cooled to 0-2°C
overnight to give a fine crystalline yellow product. The
product was filtered and dried in air. Yield: 2.51g
(68%), M.p.: 235°C.

Structures of the Schiff bases.

Thiophene-o-carboxaldeneaniline (A°): An ethanolic
solution (100mL) of thiophene-o-carboxaldehyde
(10mmol, 1.12g) and an ethanolic solution
(100 mL) of aniline (10 mmol, 0.09g) in the molar
ratio of 1:1 were mixed with constant stirring, refluxed
for 6h and then cooled for overnight at room
temperature. The yellow crystals formed were
collected and dried in air. Yield: 0.73g (60%),
M.p.: >360°C.

Thiophene-o-carboxaldene-p-anisidine (A °): An etha-
nolic solution (100 mL) of thiophene-o-carboxalde-
hyde (10mmol, 1.12g) and an ethanolic solution
(100 mL) of p-anisidine (10 mmol, 1.07 g) in the molar
ratio of 1:1 were mixed with constant stirring, refluxed
for 6 h and then cooled overnight at room temperature.
The yellow crystals formed were collected and dried in
air. Yield: 1.31g (60%), M.p.: >360°C.

Synthesis of the complexes: The complexes were
prepared by mixing an aqueous solution (100 mL) of
vanadyl sulphate (10 mmol) and a hot methanolic
solution (100 mL) of salicylidene-o-aminothiophenol
(10 mmol, 2.29 g) and either A’ (10 mmol, 2.36 g) or
A? (10mmol, 2.64g) or A> (10mmol, 1.71g) or A*
(10mmol, 3.34g) or A’ (10mmol, 1.87g) or A°
(10mmol, 2.01g) in a 1:1:1 molar ratio and heating
the mixture in a water bath for 1-2h at 50°C.
The mixture when kept overnight at room
temperature gave a fine coloured product. The
obtained crystals were collected by filtration, washed
with water, ethanol and dried in air.



Oxovanadium(IV) complexes with Schiff bases as bactericides

Physical measurements: Magnetic moments were
obtained using a model 7304, vibrating sample
magnetometer, Lake Shore, U.S.A. The vibrating
sample magnetometer reports the total magnetic
moment, m, of a sample in emu. However, the
final aim of the magnetic measurement is not the
moment in emu, but to get the effective magnetic
moment. Therefore, the magnetic moment can be
converted to susceptibility units by realizing that
lemu = 1gauss-cm’. The susceptibility of a sample
has units of volume and is defined for paramagnetic
material by the equation:

x (cm®) = m(emu)/ H(oersted)

The gram susceptibility, x, was calculated using the
expression:

Gram susceptibility: x, = x(cm?)/mass.

which when multiplied by the molecular weight of the
sample gives the molar susceptibility, xpt. A correction
was applied for the diamagnetism of the ligands to get
the corrected molar susceptibility x,y/. The effective
magnetic moment was calculated from the expression.

Megr = 2.84(xy; X T)V/2,  where T =absolute
temperature (°K)

Infrared spectra were recorded on a FT-IR Nicolet
400D spectrophotometer in a KBr pellets. The
reflectance spectra of the complexes were recorded
in the range 1700-350nm (as MgO discs) on a
Beckman DK-2A spectrophotometer. C, H, N and S
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were analyzed with a model 240 Perkin-Elmer
elemental analyzer.

Bactericidal activiry

Preparation of discs: The compound (20 wL) in DMSO
was applied to a paper disc, (filter paper Whatmann No.
4 discs 6 mm diameter) with the help of a micropipette.
The discs were left in an incubator for 48h at 37°C
and then applied to the bacteria grown on agar plates.
Preparation of agar plates: Nutrient agar (37 g) for the
preparation of the agar plates was suspended and
soaked in freshly distilled water (1 L) for 15 min and
then boiled on a water bath until the agar was
completely dissolved. The mixture was autoclaved for
15min at 120°C and then poured into previously
washed and sterilized petri discs and stored at 40 °C
ready for inoculation using a sterile platinum wire loop
for application of bacterial strains.

Application of discs: Sterilized forceps were used for
the application of the paper disc on the earlier
inoculated agar plates which were then incubated at
37°C for 24h. The zone of inhibition was then
measured (in mm) around the disc. All experiments
were performed in triplicate and tetracycline was used
as a standard drug. The complexes were soluble
in DMSO so the growth was compared with DMSO
as the control and is expressed as zone of inhibition
(mm) and percentage inhibition wersus control.
The results are represented in Figure 2.
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S. typhi 1007 22 22 22 1" 22 22 22 33 44 56 56 56 56 44
E. coli 75 17 17 8 25 17 17 25 25 33 50 50 42 42 42
Serratia marcesens 73 13 13 13 6 13 13 13 13 53 53 47 40 40 40
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E3S.typhi EIE. coli B Serratia marcesens

a) Zone of inhibibition (mm).

Figure 2.

Bactericidal activities of the complexes.
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Results and discussion

All the synthesized complexes were green, crystalline
solids and the Schiff bases were yellow crystalline solids
which appear to be stable to atmospheric oxygen. All the
complexes are insoluble in water, methanol and
dimethyl formamide, but are soluble in dimethyl
sulfoxide. Schiff bases are insoluble in water, and
haxane, but soluble in ethanol, methanol, dimethyl
formamide, and dimethyle sulfoxide. The elemental
analyses of the ligands and complexes are in agreement
with theoretical expectations (see Table I). They possess
high melting points, so the analytical data show that the
complexes are stable in air. Other data are presented in
Table I. The general equation for the formation of the
oxovanadium(IV) complexes is given below.

VOSO45H20 + H2L + A" — [VO(L)(An)] + HzSO4

+5H,0

IR spectra

The oxovanadium(IV) complexes exhibit a strong
band near 1000cm ™!, which has been assigned to
v(V=0)[17]. The v(SH)[18] band of H,L. appears
at 2600cm '. The absence of a band around
~2600cm ™' in the spectra of all the complexes
indicates that the —SH group loses the thiol proton to
form a covalent bond between the sulphur and metal in
all the complexes. This fact is further supported by the
appearance of new bands in all the complexes around
~410-425 cm ™ ', which may be assigned to the v(M-S)
mode [19]. The participation of the SH
group in chelation is ascertained from the shift of the
v(C-S)[20] band to lower frequencies from
~765cm” ! in the free ligand to ~750cm ! in the
spectra of the complexes. The v(O-H)[21] band
originally found in the Schiff base disappeared on
complexation indicating deprotonation of the phenolic
hydroxyl group and coordination of phenolic oxygen to
the metal. This is further supported by the shift in the
stretching frequency of the phenolic v(C-O) [22] at
1530 cm ™ ! to higher frequency by ~10-20 cm ™ *. The
v(C =N) band of 2,2'-bipyridylamine [23] at
1580 cm ™! shifts to higher frequency at ~1610cm ™
in the complex indicating the bidentate N-N coordi-
nation of the ligand. The v(C = N) band of A’, A%, A%,
A’ and A® found at ~1625cm ! shifts to lower
frequency at ~ 1610 cm ™', indicating the participation
of the azomethine nitrogen [24] in coordination
(M «—N). The coordination of the phenolic oxygen
and azomethine nitrogen is further supported by the
appearance of two non-ligand bands at ~530 and
~450cm ™! due to v(M-O)[25] and v(M-N)[26],
respectively, in all of the complexes. The sharp bands in
the range 750-780cm™ ! and 1525 — 1535cm™ ' are
due to aromatic v(C-H) and v(C = C), respectively.
The absorption in the 1160 — 1170cm ™! range is

attributed to v(C-N). The bands in the range
1470 — 1480cm™ ' and 1370 — 1380cm ™' are due
to ¥(C-H) and v(C-CH3), respectively.

Magnetic measurements

Oxovanadium(IV) complexes usually exhibit mag-
netic moments corresponding to the spin-only value of
1.73 B.M. at room temperature, the observed values
of the magnetic moments for the present complexes
are in the range 1.74 — 1.85 B.M. This data suggests
that the mixed-ligand complexes prepared in this
investigation are mononuclear [27].

Electronic spectra

The electronic spectra of the complexes were recorded
in the solid state. However, more evidences seem to
favor the ordering proposed by Ballhausen and Gray
[28] with some modifications by Kuska and Yung
[29]. The complexes exhibit three-spin allowed
transitions in the 12,500 — 13,500, 15,500 — 17,000
and 23,500-24,500 cm ™! regions and have been
assigned to B, — °E, °B, — ’B; and *B, — 2A;
transitions, respectively [27]. From the above discus-
sion suggested octahedral structure of the complexes
are shown in Figure 3.

Bactericidal activiry

Coordination compounds have been studied for their
antitumour [30], antiviral [31], and antimalerial
activity [32], which has been related to the ability of
metal ions to form stable complexes [33]. The results
have led to an understanding of the coordination
sphere and the electronic properties of the metal ions
and the factors such as chelate formation, ring size,
number of aromatic rings, and the presence of amino
groups, which modify the coordination sphere.
Several workers have reported that heterocyclic
rings containing sulfur, nitrogen, and/or oxygen are
responsible for the biological activity of the Schiff
bases and their metal complexes [34]. Furthermore,
it has been demonstrated that chelation in these
compounds, to a large extent, is also responsible for
such activity [35].

The bactericidal activity of the ligands, vanadyl
sulphate, tetracycline and its complexes were tested
against various gram-negative bacterial cultures
namely S.7yphi, E.Coli and Serratia marcescens using
the Disc Diffusion Method [36].

All the results show that the compounds are more
bactericidal than their parent ligands and vanadyl
sulphate against the same bacteria and under the same
experimental conditions. The increase in bactericidal
activity of the complexes may be due to the effect of the
vanadium ion on the normal cell process. An acceptable
reason for this increase in bactericidal activity may be
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Table I. Analytical data for the ligands and their VO(IV) complexes®.

% Found (Calcd.)

Compounds empirical formula Formula weight Colour C H N S Metal M.p. (°C) Pegr. (B.ML) Yield (%)
H,L 229.21 Yellow 68.06 4.80 6.07 13.92 - 128 - 70
C,5H,;NOS (68.11) (4.79) (6.10) (13.99)

Al 236.16 Yellow 81.32 6.78 11.80 - - 235 - 72
C16H 6N, (81.36) 6.77) (11.85)

A? 264.18 Yellow 81.80 7.55 10.64 - - 260 - 76
Ci8Ha0N> (81.83) (7.57) (10.60)

A* 334.24 Yellowish 86.20 5.40 8.42 - - 235 - 68
C,sH 5N, Brown (86.23) (5.38) (8.37)

A’ 187.17 Yellow 70.62 4.75 7.45 17.10 - >360 - 60
C.HoNS (70.58) (4.81) (7.48) (17.13)

AS 201.20 Yellow 71.61 5.47 6.92 15.93 - >360 - 58
C,,H, ;NS (71.63) (5.46) (6.95) (15.94)

[VO(L)(AYH] 530.23 Green 65.65 4.65 7.90 6.00 9.67 >360 1.75 56
CyoH,5VN50,S (65.68) (4.71) (7.92) (6.03) (9.60)

[VO(L)(AH] 558.25 Green 66.75 5.12 7.60 5.79 9.10 >360 1.79 59
C3,H,,VN50,S (66.69) (5.19) (7.52) (5.73) (9.12)

[VO@L)(A®)] 465.17 Green 59.31 3.80 12.00 6.85 10.90 >360 1.81 61
Cs3H,5VN,0,S (59.38) (3.87) (12.03) (6.88) (10.95)

[VO@L)(AH] 628.31 Green 70.70 4.27 6.75 5.02 8.16 >360 1.79 58
C37H,,VN50,S (70.72) (4.29) (6.68) (5.09) (8.10)

[VO(L)(A»] 481.18 Green 59.96 3.80 5.80 13.37 10.51 >360 1.80 58
CsaH,5VNL0,S, (59.90) (3.74) (5.82) (13.30) (10.58)

[VO(L)(A%] 495.19 Green 60.67 4.00 5.68 12.90 10.32 >360 1.82 60
CusH,0VNL0,S, (60.63) (4.03) (5.65) (12.92) (10.28)

*H,L = salicylidene-o-aminothiophenol, A! = bis(benzylidene)ethylenediamine, A® = bis(acetophenone) ethylenediamine, A> = 2,2/- bipyridylamine, A* = bis(benzylidene)-1,8-diaminonaphthalene,
A’ = thiophene-o-carboxaldeneaniline, A® = thiophene-o-carboxaldene-p-anisidine.
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considered in the light of Overtone’s concept [37] and
Tweedy’s chelation theory [38]. According to Over-
tone’s concept of cell permeability, the lipid membrane
that surrounds the cell favors the passage of only lipid-
soluble materials so that liposolubility is an important
factor which controls bactericidal activity. On chela-
tion, the polarity of the vanadium ion will be reduced to
a greater extent due to the overlap of the ligand orbital
and partial sharing of the positive charge of the
vanadium ion with donor groups. Further, it increases
the delocalization of m-electrons over the whole chelate
ring and enhances the lipophilicity of the complexes.
This increased lipophilicity enhances the penetration
of the complexes into lipid membranes and blocks the
metal binding sites in bacterial enzymes. These
complexes also disturb the respiratory processes of
the cell and thus block the synthesis of proteins which
restricts further growth of the organism. Furthermore,
the mode of action of the compounds may involve the
formation of a hydrogen bond through the azomethine
group with the active centre of cell constituents,
resulting in interference with normal cell processing
[39]. Although there is a sufficient increase in the
bactericidal activity of the complexes as compared to
the free ligands, metal salts and the control (DMSO),
the complexes show moderate activities as compared to
the standard drug (tetracycline).

~N' ~N
VQO X N/ =0
XN , k

[VO(L)(AY)]

T

[VOL)(A)]
where X = H(A%) or OCH;3(A®)

Suggested structure of the oxovanadium(IV) complexes.
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