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ABSTRACT: A new vanadium (III) hydroxamate complex of composition V(4- NO,CsH4«CH=CHCONHO); has been
synthesized by reaction of VCl; with potassium salt of 4-nitrocinnamohydroxamate (4-NO,CsH4CH=CHCONHO) in 1:3 molar
ratio in dry methanol solvent. The newly synthesized complex is characterized by elemental analysis, molar conductivity,
magnetic moment measurements and IR, UV-Vis spectral studies and mass spectrometry. DFT calculations were carried out
by using Orca 4.2.1 program and the negative values of the energies of Enomo and Erumo for the V(IIT) complex confirm its
stability. A distorted-octahedral geometry around vanadium center has been suggested for complex based upon
physicochemical, spectroscopic and DFT studies, involving bonding through hydroxylamine and carbonyl oxygens (O O
coordination). The cyclic voltammogram of the complex shows single anodic and cathodic peak. The TGA/DTA curve
indicates the single step decomposion of complex. The biological potential of the ligand and complex have been tested by in
vitro antimicrobial studies and cytotoxicity assay. Antimicrobial activity of complex has been found increased as compare to

precursor and ligand. The results of cytotoxicity reveal the complex less toxic as compared to standard drug simvastatin.
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1. INTRODUCTION

Coordination complexes are of growing interest for
inorganic chemists because of their different structural and
electronic properties [1]. A variety of complexes have been
reported in literature owing to their role in biological systems
[2-4]. Furthermore, these synthesized complexes have been
found with very effective therapeutic applications in
pharmaceutical world [5, 6]. The vanadium complexes
belong to the class having wide range of applications in
diversified field [7-11]. Vanadium found in minerals and
biological systems mostly in the form of vanadium (III), (IV)
and (V) oxidation states. It is apparent from the scattered
reports met in literature on vanadium (III) chemistry than
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vanadium (IV) and (V) oxidation states; synthesis of their
complexes has been a subject of many experimental
investigations. In general, the vanadium (III) complexes are
prepared by reduction of higher oxidation states [12]. An
interesting feature about vanadium(III) ion is to exhibit two
different kind of six coordinated complexes i.e. pseudo-
octahedral complexes V(acac)s, where acac= anion of 2,4-
pentanedione having trigonally distorted geometry and
VX;3(THF); (X = Cl, Br) having meridional geometries [13].
The vanadium (III) binding capabilities of some [O, O] or [N,
O] donor biomolecules in solution have been reported [14].
The vanadium (III) and oxo vanadium (IV/V) complexes
with amidate ligands exhibit immense applications, due to
their interaction with body proteins [15]. Although vanadium
(III) compounds are widely used in industry as
polymerization catalysts and its biological relevance, the
chemistry of vanadium (III) still remains scant. The
therapeutic applications of vanadium (III) in biological
system are limited because under physiological condition
having pH > 3 it gets rapidly oxidized to vanadium (IV) and
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(V) [16].

Among organic ligands known to form metal complexes,
hydroxamic acids (organic bioligands) are of great interest,
known to possess immense pathological, toxicological and
pharmacological importance [17]. The oxygen abstraction
reactions of N-substituted hydroxamic acids with
molybdenum (V) and vanadium (III) and -(IV) compounds
have been reported [18]. The cobalt(Ill) complexes with
tripodal tetradentate ligand tris (2-methylpyridyl)amine (tpa)
with  hydroxamate functionality (benzohydroxamate,
propionohydroxamate and acetohydroxamate) have been
reported to act as model of hypoxia activated prodrugs having
low cathodic potential and hence find use in drug delivery
[19]. Complex of composition [{Pt(R,R-chxn)}2(u-
bha)]NO3.2H,0 is known to display promising therapeutic
potential against A2780 ovarian cancer cell-lines [20]. A
series of hydroxamic acids viz. aceto-, propiono-, benzo-, and
p-nitrobenzo) and their O-acetyl and O-benzoyl derivatives
are known to display promising activity profile against
Salmonella  typhimurium. The acetylation of different
hydroxamates (except p-nitrobenzohydroxamate) markedly
enhances the toxic properties which is essential for
cytotoxicity [21]. The drugs containing hydroxamate ligands
can easily penetrate the biological membrane due to their
lipophilicity [22, 23]. Although various vanadium complexes
have been reported in literature but vanadium(IIT) complexes
are very few, keeping in mind biological importance of both
vanadium as well as hydroxamic acids, we, hereby synthesize
a new vanadium(Ill) hydroxamate complex using VCIz as
vanadium  moiety and  potassium-4-nitrocinnamo-
hydroxamate as ligand.

2. EXPERIMENTAL DETAILS
2.1. Materials and Method

All reagents were of analytical grade and were further
purified before use.

2.2. Synthesis of vanadium (III) hydroxamate

The complex was synthesised by reaction of VCI; (0.24
g, 0.0015mol) in THF (5ml) with potassium 4-
nitrocinnamohydroxamate (Figure 1) (1.13g, 0.0045 mol) in
methanol (20mL) [24, 25].
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Fig. 1. Chemical
nitrocinnamohydroxamate

structure of Potassium  4-

VCl3; + 3(4-NO,C¢H,CH=CHCONHOK)

Reflux | 9h

V(4-NO,C¢gH,CH=CHCONHO)3+ 3 KClI

Scheme 1. Synthesis of [V(4-NO,-CsH4CH=CHCONHO);].

The reaction mixture was refluxed for 9 h under nitrogen
atmosphere until color changes to dark green. Formation of
white solid identified as KCl was observed during the course
of the reaction. When no more separation of solid was
observed, it was filtered off and the excess of solvent was
removed by distillation. The concentrate was dried under
vacuum by repeatedly washing with petroleum ether. The
green colored solid thus obtained was recrystallized from
methanol Yield: V(4-NO,-CsH4sCH=CHCONHO); (88%)
(Scheme 1); Analysis calculated for C27H21NsO12V, (%): C,
48.25;H,3.15; N, 12.55,V,7.65. Found: C,48.21; H, 3.13;
N, 12.50; V, 7.58; Am(PhNO,) = 1.06 Scmmol™!; pegr = 2.7
BM [26, 27] .

2.3. DFT Studies

To understand the electronic structures of the potassium
4-cinnamohydroxamate ligand and its V(III) complex, DFT
calculations were carried out by using Orca 4.2.1 program
package [28] using B3LYP/DeF2-SVP basis set [29, 30].
Optimized geometries and corresponding molecular orbitals
energies for ligand and the complex were done using the
Chemcraft [31] and Chimera [32] visualization program.

2.4. Biological activity test
2.4.1. Determination by two-fold serial dilution

The hydroxamate ligand, vanadium precursor and
synthesized complex was tested in vitro for its biological
activity against different selected fungi and bacteria by a
reported minimum inhibitory concentration (MIC) method
[33, 34] at different concentrations in DMSO (Img mL™").
All the samples were tested three times. All test cultures were
streaked on soya bean casein agar (SCDA) and incubated
overnight at 37°C. The MIC assay was performed in a 96-
well pL plate. For MIC assay of each drug, a row of 12 wells
was used out of which last two wells were taken as control.
Each of the ten wells received 100uL of the Muller-Hinton
broth, except the first well that received 200 pL of broth
containing 500 pg mL ™' concentration of the test drug. From
the first well (containing test drug), 100 pL broth was
withdrawn with a sterile tip and added to the 100 pL of the
broth in the second well and contents were mixed four times.
Then 100 pL was withdrawn from second well and was added
to the third well. In this way a range of two-fold serial
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dilutions were prepared (500-0.98 pugmL™") in DMSO. The
broth in each well was mixed with 2puL of the bacterial culture
and then contents were mixed properly. The plate was
incubated at 35°C thereafter and observation for growth of
bacteria was recorded after 24h. The results were compared
with standard antibacterial and antifungal drugs viz
tetracycline hydrochloride and fluconazole respectively
(treated control).

2.4.2. Cell culture

Human Cervix Carcinoma (HeLa) cells were
trypsinized from a confluent monolayer culture obtained in a
25 cm? canted neck flask. The confluent monolayer of the
cells was washed twice with phosphate-buffer saline (PBS),
pH 7.2 followed by with exposure to Trypsin-EDTA (100 mg %
EDTA and 125 mg % Trypsin 1:250; Sigma Chemical Co
St Louis, USA) disaggregating solution for two minutes. The
disaggregating solution was completely removed by
decantation and the enzyme solution treated flask was
incubated at 37°C for three minutes. The disaggregated cells
were re-suspended in appropriate volume of Dulbecco’s
modified Eagels’s medium (DMEM) supplemented with
fetal calf serum (FCS) (10%, v/V) and adjusted to a cell
density of 4x 103 cells/mL.

2.4.3. In-Vitro Cytotoxicity Assay

In the selected wells of 96-wells tissue culture plate with
marked column was added uniform volume of Hep2C cell
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suspension (200 pL/well). The columns were marked. The
sterilized drug compound prepared in DMSO (0.1 M stock)
was dispensed in each well of marked coloumn to achieve
final concentration of 2, 4, 8, 20 and 28mM. After this the
cells treated with drug compound under study were incubated
in a CO; incubator with 95% humidity at temperature 37°C
for time period of 16-18 h. Each of the drug compound was
tested quadruplicate at each concentrations and mean values
were calculated after MTT assay (using Smg mL™! in PBS,
0.1 M pH 7.2 of MTT (1-(4,5-dimethyl-thiazol-2-y1)-3,5-
diphenylformazan). DMSO solvent was used to prepare stock
solution and also incubated alone to test its effect on viability
of the proliferating cells cultured in vitro.

3. RESULTS AND DISCUSSION
3.1. Infrared Spectra

The IR spectra of vanadium precursor VCls, potassium
hydroxamate and newly synthesized complex were compared.
The free hydroxamate ligands absorb in range 1637 cm™ and
1341 cm?! region due to v(C=0) and v(C-N) mode
respectively. The IR absorption spectra of VCls is known to
exhibit absorption bands at 528(w), 473(m), 416(m), 320(vs),
250(m), 205(w) cm™' [35] (Figure 2). The absorption bands
due to v(C=0) mode in free ligand KHL has been observed
at 1637 cm™ (Figure 3). It exhibits a shift to lower wave
number upon coordination by ketonic oxygen to metal and
have been appeared sharp band at 1628 cm™ in complex [36]
(Figure 4).

52
47D —
2054

2000

Wavenumbers (cm-1)

Fig. 2. IR spectrum of VCls.
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Fig. 3. IR spectrum of Potassium 4-nitrocinnamohydroxamate.
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Fig. 4. IR spectrum of tris(4-nitrocinnamohydroxamato)vanadium(III) complex.

The absorption band due to v(C-N) mode occurring at
1341 cm™! in free ligand has appeared band at 1352 cm™ in
complex. The absorption band due to v(N-O) mode occurring
at 920 cm™ in free ligands have been observed to shift to
higher wave number at 926 cm™' in complex. A shift in v(C=0)
mode to lower wave numbers and that of v(N—O) mode to

higher region is suggestive of bonding through carbonyl and
hydroxylamine oxygen atoms (0,0 coordination),
establishing thereby bidentate nature of ligands. The absence
of bands in 400-300 cm™' region, due to v(V-Cl) mode further
substantiated that all chlorines have been replaced by
hydroxamate ions [37]. The occurrence of bands in 596 cm
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'and 515 cm™' region have been assigned to v(V-O) mode [38].
3.2. Electronic Spectra

Electronic spectra of VCI3 display absorption bands at
697, 284, 230 cm in agreement with literature [39].
Electronic spectra of complex was recorded in 200-900 nm
range exhibited two bands at 700 and 545 nm has been
assigned to MLCT and LMCT transition respectively in
consonance with previous reports on nonoxovanadium
complexes [40, 41]. In addition intense high energy bands at
419 nm and 385 nm is ascribed to intraligand charge transfer
transition. The two low energy intense bands may be ascribed
to spin allowed d-d transitions 3T (F) — *Tag (F) and *T, (F)
— 3Ty (P) [26]. The higher energy transitions may be

207.9
1272

ascribed to charge transfer bands and hydroxamate intra-
ligand n—m* transitions.

3.3. Mass Spectra

The complex of composition [V(4-NO2-
CsH4sCH=CHCONHO)s] exhibited base peak at m/z 208 has
been assigned to formation of ligand (Figure 5). The peak at
m/z 717 (16.43) and 675 (53.33) has been ascribed to
[M+3CH3]" and [M+3H]" respectively. The other most
abundant fragment ions occurring are at m/z 579 (32.39), 466
(33.65) have been ascribed to [M-2NO»-H]*, [M-HL+H]"
respectively (Table 1).

Fragmentation pattern of complex is given in scheme 2.

TOFMSES»
12703

466
26

Fig. 5. Mass spectrum of tris(4-nitrocinnamohydroxamato)vanadium(IIl) complex.

Table 1. Mass spectral data of tris(4-nitrocinnamohydroxamato)vanadium(III) complex.

Complex m/z Int.(%)
[V(4-NO,-CsH,CH=CHCONHO);] [M]

[M+3CH;]" 717 1043

[M+3H] 675 53.33

[M-NO," 626 16.99

[M-2NO,-H]* 579 32.39

[M-HL*+H]* 466 33.65
[M-HL*>-NO»+H]" 420 1.58
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Scheme 2. Fragmentation pathways of [V(4-NO,-CsH4CH=CHCONHO)3].

3.4. DFT Calculations

The energy-minimized structures of the ligand and its
complex have been displayed in Figure 6 (a and b). The final
single point energy for the ligand and the complex has been
calculated to be -2.06 x 10*and -8.74 x 10%V respectively.
Electronic properties information has been obtained through
the frontier molecular orbital (FMO) analysis of the ligand

and its complex. For the ligand, the highest occupied
molecular orbital (HOMO) is mainly localized on the alkene
double bond and the hydroxamate group, while the lowest
unoccupied molecular orbital (LUMO) is placed on the whole
molecular system, with a band gap of 1.4193 eV. In the case
of the complex, HOMO is concentrated on the central part of
the molecule, i.e., the donor site of the ligand and the metal
ion surrounding it, while the LUMO orbitals are delocalized
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over the entire molecular system, having a band gap of
1.3267 eV. The negative values of the energies of Enomo and
Erumo for the V(III) complex confirm its stability.

The calculated HOMO-LUMO energy gap for the
complex is lower than that of the ligand, strongly supporting
complexation. The bond parameters, such as bond lengths
and bond angles, for the ligand and the respective complex,
have been combined and represented in Table 2. The
chemical reactivity parameters were also determined to
define the chemical reactivity of a system like Ionization
Potential,  electron  affinity, = chemical  potential,
electronegativity, electrophilicity index, chemical hardness,
softness, etc. These are calculated by the energies of HOMO-
LUMO orbitals using the expressions:

Electronegativity (x) = -(ELumotEnomo)/2
Electrophilicity Index (o) = p%/2n

Chemical Potential (u) = - x = (ELumo+Enomo)/2

(a)

Hy

Hardness (1) = (ELumo-Enomo)/2

The Koopmans' theorem states that ionization potential
(D and electron affinity (A) are the negative energy
eigenvalues of the HOMO and LUMO, respectively. It is
determined by the energy gap between the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) in the frontier molecular orbitals.
A complex with a shorter gap between HOMO and LUMO is
considered less stable or more reactive compared to the
ligand (Figure 7a and b). The higher the electronic chemical
potential, the less stable or more reactive the system is. The
electrophilicity index (®) measures the ease with which a
species can accept electrons. A high value of ® indicates a
good electrophile, while a low value of ® indicates a good
and more reactive nucleophile. For V(III), the value of ® is
9.84 eV, which is much greater than for KHL (0.019). This
suggests that the complex is a stronger electrophile and
electron acceptor than the KHL ligand, which can easily act
as a good electron donor and more reactive nucleophile with
a lower o value.

Fig. 6. Energy-optimized geometry for (a) the ligand, and (b) the complex.

Table 2. Chemical reactivity parameters calculated from HOMO-LUMO energies.

Chemical reactivity parameters KHL Complex
Final Single Point Energy (eV) -2.06 x 104 -8.74 x 10*

LE.(eV) 0.5451 4.2778

E.A.(eV) -0.8742 2.9511

Dipole Moment (D) 3.6122 3.2216

X -0.1645 3.6145

n(ev) 0.7101 0.6633

S 0.7041 0.7538

u(ev) 0.1645 -3.6145

o (eV) 0.01905 9.848
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()

| E(LUMO)= 0.8742
Difference (AE)=1.4193

E(HOMO)= -0.5451

(b)

E(LUMO)= -2.9511

Difference (AE) = 1.3267

E(HOMO)= -4.2778

Fig. 7. (a and b) Representation of HOMO-LUMO band gap for ligand and the complex

On the basis of computational, physicochemical and
spectrophotometric studies; FTIR, electronic and mass
spectral studies, a distorted octahedral geometry has been
proposed around vanadium for the complex.

3.5. Electrochemical studies

The potential of the electrode was scanned from a value
where no redox reaction occurs to one where reduction or
oxidation of the analyte takes place. The voltammogram is
then displayed as peaks in current-potential plot on both
forward and reverse scans (Figure 8). Chemical reversibility
is robust requirement for catalytic activity. In order to prove
electrochemical  properties of newly  synthesized

vanadium(Il)  complex, the cyclic voltammetric
measurements in MeOH/H>O (5:95) was studied. Complex
have displayed single anodic and cathodic peak
corresponding to the electrode process as (Scheme 3):

Atanode: [V"(HL)s] ———— [VIV(HL)3] + €

At cathode: [VIV(HL)3] + & ——— 3 [V'!(HL)5]

Scheme 3. Electrochemical reactions of tris(4-nitrocinnamo-
hydroxamato)vanadium(III) complex.
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Fig. 8. Cyclic voltammogram of tris(4-nitrocinnamo-
hydroxamato)vanadium(IIl) complex.

3.6. Thermal Studies

Of wvarious physical and chemical methods of
investigation, thermal analytical techniques have undergone
remarkable advancements [42] and have developed
systematically over the years to such an extent that thermal

prominence in virtually all branches of science and
technology. Thermal stability of complex has been studied by
TG/DTA technique under N, atmosphere. The TG curve of
complex has shown it to be thermally stable up to 200°C after
which temperature complex decompose in single step (Figure
9). The total mass loss of 87.82% corresponds to formation
of VO, as the ultimate decomposition product with some
organic matter. The formation of VO, is quite noteworthy as
most of vanadium complexes decompose to V,0s. The
formation of VO, was confirmed by recording IR and XRD
of residue [43].

3.7. Biological Activities
3.7.1. Antibacterial activity

The precursor, ligand and newly synthesized complex
were tested in vitro for antibacterial activity against Gram
+ve bacteria viz Staphylococcus aureus, Staphylococcus
epidermidis and Gram —ve bacteria Escherichia coli,
Salmonella typhi, Salmonella paratyphi and Klebsiella
pneumoniae employing MIC method (Table 3). A
comparative study of results of treated control, commercial
antibiotic tetracycline hydrochloride (THC) was done.
Standard drug (THC) inhibited bacteria under study in 7.81-
15.62 pg/mL range and VCls inhibits E. coli at 500 pg/mL
and is not effective against other bacterial strains.

analysis in recent years has acquired considerable
3oacel
1.76mgfmin Jdss00 20
e 423Cel
0.50mg/min BOSCel
0.1émg/min
200.0 | : .
424Ce |
127.0uv 2000
A 315Cel
o 53.6uV
39.2uv.s/mg

-196uV. 5 PO6BUV.5/myg
121Cel

12.8uv

OTA uv

200Cel
76.01%

—1150.0

100.0
ET 1ooce
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00.0 1014Cel
12-18% ds0.0
447Cel
200 0 16.2% 600Cel 768Cel
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35.08% = ’
-200.0 | ] I 1 1 ] | ] i LA '
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Fig. 9. TG/DTA curve of tris(4-nitrocinnamohydroxamato)vanadium(IIl) complex.
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Table 3. Antibacterial activity of potassium hydroxamate, precursor and tris(4-nitrocinnamohydroxamato)vanadium(III)
complex by MIC method in pg / ml.

Compound E. coli S. aureus S. epidermidis S. typhi S. paratyphi K.
phneumoniae

[VCl;] 500 - - - - -

[4-NO:- 125 250 250 125 125 250

CsH4CH=CHCONHOK](KHL)

[V(4-NO»- 62.5 62.5 62.5 3.9 15.63 31.25

CsH4CH=CHCONHO)3]

Standard 15.63 15.63 7.81 15.63 15.63 15.63

Drug/Tetracyclinhydrochloride

Table 4. Antifungal activity of potassium hydroxamate, precursor and tris(4-nitrocinnamohydroxamato)vanadium(III)
complex by MIC method in ug/ml.

Compound A.niger B.fulva M.circinelloids
VCls 500 500 250

[4-NO:- 250 250 62.5
CsH4CH=CHCONHOK]

[V(4-NO»- 31.25 31.25 15.63
CsH4CH=CHCONHO)3]

Standard Drug/Fluconazole 3.9 3.9 3.9

Free 4-nitrocinnamohydroxamate ligand inhibits S.  3.7.2. Antifungal activity
aureus, S. epidermidis and K. pneumoniae at 250 pg/mL and
at 125 pug/mL for S. typhi, S. paratyphi, E. coli as shown in The antifungal activity of complex, potassium 4-
Figure 10. The activity of complex has been reported to  nitrocinnamohydroxamate and vanadium precursor was
enhanced considerably (3.9-62.5 pg/mL) and it is even more  tested in vitro on selected fungi viz. A. niger, B. fulva, M.
effective than standard drug for S. #yphi having MIC of 3.9  circenelloids using MIC method. The results were compared
pg/mL and almost similar activity to standard drug i.e. 15.63 ~ With standard antifungal drug fluconazole (treated control)

ug/mL for S. paratyphi. which inhibits the fungi under study at 3.9 pg/mL (Table 4).
500 - Bl coi
B S.aureus

= B s.cpidermidis
e I 5. vphi
?; B s.paratyphi
g 3004 K.pneumoniae
=
©
=
c 200 -
cu
%]
S
¢ 100-

04

vel, KHL [V(HL),] Tetracyclin.HCI

Fig. 10. Graph for the antibacterial activity of precursor, ligand, complex and standard drug.
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The VCl; inhibits the growth of selected fungi 4. niger,
B. fulva at 500 pg/mL and M. circenelloids at 250 pg/mL.
Analysis of data has shown that potassium 4-
nitrocinnamohydroxamate inhibit fungi at 250 pg /mL for 4.
niger, F. fulva and at lower concentration 62.5 pg/mL for M.
circenelloides. Newly synthesized vanadium (III) complex
shows inhibition at 15.63-31.25 ug/mL. Antifungal activity
of complexes increased considerably on complexation
although it is less effective than reference drug (Figure 11). A
significant increase in biological activity on complexation is
due to biological significance of hydroxamate and efficient
diffusion through cell membrane. The partial sharing of
positive charge of metal center with the ligand on
coordination reduces its polarity. This is responsible for
increasing the hydrophobic character and liposolubility of the

molecule in crossing cell membrane of the microorganism
[44-47].

3.7.3. Cytotoxicity

Cytotoxic  assays of VCl;, potassium  4-
nitrocinnamohydroxamate and newly synthesized complex
was performed at several concentrations by means of
colorimetric microculture MTT assay. The results were
compared with standard drug simvastatin. Complex exhibits
appreciable viability of 33.0 % at 2mM concentration (Table
5, Figure 12). Newly synthesized complex was found to be
very less toxic than standard drug, but, it has been observed
that with increase in concentration of test complex
cytotoxicity gets enhanced.

Table 5. Cytotoxic assay of hydroxamate ligands, precursor and tris(4-nitrocinnamohydroxamato)vanadium(IIl) complex

against Hep2C cell line
Compound Cell inhibition (%) at the selected test compound concentration
Control 025mM 050mM 1mM 2mM 4mM 8S§mM 20mM 28mM
VClIs 100 14.3 18.7 18.7 30.8 30.8 28.6 27.0 28.8
4-NO:- 100 20 27.6 22.6 69.2 71.4 74.2 75.1 78.9
CsH4CH=CHCONHOK
(KHL)
[V(4-NO»- 100 16.7 17.8 27.4 33.0 31.9 31.9 28.6 28.6
CsH4CH=CHCONHO)3]
Simvastatin 100 86 88.3 90.1 92 94.3 95.7 97.9 98.3
500 - Bl A.niger
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1 B V.circinelloid
—
‘= 400 -
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Fig. 11. Graph for the antifungal activity of precursor, ligand, complex and standard drug.
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Fig. 12. Graph for the cytotoxicity of precursor, ligand, complex and standard drug.

4. CONCLUSIONS

A facile and convenient method has been devised for the
synthesis of vanadium (III) 4-nitrocinnamohydroxamate
complex and a remarkable chelating property of ligand has
been demonstrated. The synthesized complex is mononuclear
and exhibit (O, O) coordination mode through carbonyl and
hydroxylamine oxygen. Mononuclear nature of complex has
further been supported by mol. wt. determination by
cryoscopic measurements and mass spectral data. The
complex formation and its stability are strongly confirmed
from the negative value of energies for HOMO and LUMO
of the complex as compare to ligand in DFT calculations. The
complex undergoes single step decomposition and is stable
upto 200°C. Vanadium (III) hydroxamate complex exhibit
remarkable biological activity against pathogenic bacteria
and fungi. Cytotoxicity assay of complex exhibits
appreciable viability of 33.0 % at 2mM concentration and
cytotoxicity gets significantly enhanced with increase in
concentration.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests.

ACKNOWLEDGEMENT

We thank the Department of Science & Technology (DST)
Government of India, New Delhi, for providing financial assistance
for FT-IR and UV-VIS facility to the Department, under FIST
program. The authors are grateful to the Sophisticated Analytical
Instrument Facility, Panjab University, Chandigarh, for elemental
analysis data and mass spectral studies and IIT Roorkee for TGA-
DTA studies. Authors are thankful to Department of Physics and
biotechnology of HPU Shimla for magnetic moment measurements
and biological activities.

REFERENCES

[1] Claudel, M., Schwarte, J.V. and Fromm, K.M., 2020.
New antimicrobial strategies based on metal
complexes. Chemistry, 2, pp. 849-899.

[2] Meggers, E., 2007. Exploring biologically relevant
chemical space with metal complexes. Current Opinion
in Chemical Biology, 11(3), pp. 287-292.

[3] Khan, E., Hanif, M., and Akhtar, M. S., 2022 Schiff bases
and their metal complexes with biologically compatible

92| MatSci Express., 2024, Vol. 1, No. 2, 81-95

© Ariston Publications 2024. All rights reserved.



Sonika Sharma et al.

Synthesis, spectroscopic, and DFT studies of Vanadium (I11) hydroxamate complex with potential biological applications

metal ions; biological importance, recent trends and
future hopes. Reviews in Inorganic Chemistry, 42(4), pp.
307-325.

[4] Sasmal, P. K., Streu, C. N., and Meggers, E., 2013. Metal
complex catalysis in living biological systems. Chemical
Communications, 49(16), pp.1581-1587.

[5] Zhang, C. X., and Lippard, S. J., 2003. New metal
complexes as potential therapeutics. Current Opinion in
Chemical Biology, 7(4), pp. 481-489.

[6] Ndagi, U., Mhlongo, N., and Soliman, M. E., 2017.
Metal complexes in cancer therapy—an update from drug
design perspective. Drug Design, Development and
Therapy, pp.599-616.

[7] Gayakwad, S.V., Shejul, D.R., Lokhande, M.N., Bhosale,
H.J. and Wankhede, D.S., 2021. Synthesis,
Characterization, Antimicrobial, Antioxidant,
Antidiabetic, Anticancer, and Cytotoxic Activities of
Mixed Ligand Complexes of Vanadium (IV). Russian
Journal General Chemistry, 91, pp. 732.

[8] Rehder, D., 2023. Vanadium in biological systems and
medicinal Acta,
pp-121387.

[9] Ishikura, H., Neven, R., Lange, T., Galetova, A., Blom,
B. and Romano, D., 2021. Developments in vanadium-

applications. Inorganic ~ Chimica

catalysed polymerisation reactions: A review. Inorganic
Chimica Acta, 515, pp.120047.

[10] Kumar, A., Hiroaki, S. and Shinobu, T., 2022.
Atroposelective Synthesis of C—C Axially Chiral
Compounds via Mono-and Dinuclear Vanadium
Catalysis. Accounts of Chemical Research, 55, pp. 2949

[11] Singh, A.P., Roy, S. and Maurya, 1.C., 2024. Vanadium
complexes: potential candidates for therapeutic
applications. Transition Metal Chemistry, 49(2), pp.101-
119.

[12] Horton, D.C., VanDerveer, D., Krzystek, J., Telser, J.,
Pittman, T., Crans, D.C. and Holder, A.A., 2014.
Spectroscopic Characterization of L-ascorbic Acid-
induced Reduction of Vanadium (V) Dipicolinates:
Formation of Vanadium (III) and Vanadium (IV)
Complexes from  Vanadium (V) Dipicolinate
Derivatives. Inorganic Chimica Acta, 420, pp.112-119.

[13] Krzystek, I., Fiedler, A. T., Sokol, J. J., Ozarowski, A.,
Zvyagin, S. A., Brunold, T. C., and Telser, J., 2004.
Pseudooctahedral complexes of vanadium (III):
electronic structure investigation by magnetic and
electronic spectroscopy. Inorganic Chemistry, 43(18),

pp. 5645-5658.

[14] Buglyo, P, Nagy, E.M. and Sovago, 1., 2005.
Vanadium(IIl) binding strengths of small biomolecules.
Pure Applied Chemistry, 77(9), pp.1583-1594.

[15] Keramidas, A.D., Papaioannou, A.B., Vlahos, A.,
Kabanos T.A., Bonas, G., Makriyannis, A., Rapropoulou,
C.P. and Terzis, A., 1996. Model Investigations for
Vanadium-Protein interactions Synthetic structural and
physical studies of vanadium(I1I) and
oxovanadium(IV/V) complexes with amidate ligands.
Inorganic Chemistry, 35(2), pp.357-367.

[16] Silwood, C.J.L. and Grootveld, M., 2007. 'H and *'V
NMR investigations of the molecular nature of implant-
derived vanadium ions in osteoarthritic knee-joint
synovial fluid. Clinica Chimica Acta, 380(1-2), pp.89-99.

[17] Wada, CK., Holms, J.H., Curtin, M.L., Dai. Y,
Florjancic, A.S., Garland, R.B., Guo, Y., Heyman,
H.R., Stacy, J.R., Steinman, D.H., Albert, D.H.,
Bouska, J.J., Elmore, I.N., Goodfellow, C.L., Marcotte,
P.A., Tapang. P., Morgan, D.W., Michaelides, M.R. and
Davidsen, S.K., 2002. Phenoxyphenyl sulfone N-
formylhydroxylamines (retrohydroxamates) as potent
selective orally bioavailable matrix metalloproteinase
inhibitors. Journal of Medicinal Chemistry, 45,
pp.219-232.

[18] Brown, D.A., Bogge, H., Coogan, R., Doocey, D., Kemp,
T.J., Muller, A. and Neumann, B., 2005. Oxygen
abstraction reactions of N-substituted hydroxamic acids
with molybdenum (V) and vanadium(Ill) and -(IV)
compounds.  [norganic Chemistry, 35(6), pp.1674-
1679.

[19] Failes, T.W. and Hambley, T.W., 2006. Models of
hypoxia activated prodrugs: Co (III) complexes of
hydroxamic acids. Dalton Transactions, (15), pp.1895-
1901.

[20] Failes, T.W., Hall, M.D. and Hambley, T.W., 2003. The
first of platinum amine hydroxamate
complexes: Structures and biological activity. Dalton
Transaction, (8), pp. 1596-1600.

[21] Skipper, P.L., Tannenbaum, S.R., Thilly, W.G., Furth,
E.E. and Bishop, W.W., 1980. Mutagenicity of
hydroxamic acids and the probable involvement of
carbamoylation. Cancer Research, 40(12), pp.4704-
4708.

[22] Waterbeemd, H.V.D., Smith, D.A., Beaumont, K. and
Walker, D.XK.,  2001.
Optimization of drug absorption and pharmacokinetics.
Journal Medicinal Chemistry, 44, pp.1-21.

[23] Noe, M.C., Natarajan, V., Snow, S.L., Wolf-Gouveia,
L.A., Mitchell, P.G., Lopresti-Morrow, L., Reeves,

examples

Property-based  design:

© Avriston Publications 2024. All rights reserved.

MatSci Express., 2024, Vol. 1, No. 2, 81-95 | 93


http://yadda.icm.edu.pl/yadda/contributor/c97d4ba3be0b7445ea7638272de6e186
http://yadda.icm.edu.pl/yadda/contributor/ea2482133fd7f40708c485690b6e8863
Clinica%20Chimica%20Acta
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-ef3dd792-c98e-3eb3-8a29-635ed126ff94
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-38ecf8c6-8e20-3c3f-bf9d-18879d4aa2f5
http://cancerres.aacrjournals.org/search?author1=Paul+L.+Skipper&sortspec=date&submit=Submit
http://cancerres.aacrjournals.org/search?author1=Steven+R.+Tannenbaum&sortspec=date&submit=Submit
http://cancerres.aacrjournals.org/search?author1=William+G.+Thilly&sortspec=date&submit=Submit
http://cancerres.aacrjournals.org/search?author1=Elizabeth+E.+Furth&sortspec=date&submit=Submit
http://cancerres.aacrjournals.org/search?author1=Walter+W.+Bishop&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Noe%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Natarajan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Snow%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Wolf-Gouveia%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitchell%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Lopresti-Morrow%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Reeves%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=15953722

Synthesis, spectroscopic, and DFT studies of Vanadium (111) hydroxamate complex with potential biological applications

Sonika Sharma et al.

L.M., Yocum, S.A., Otterness, 1., Bliven, M.A., Carty,
T.J., Barberia, J.T., Sweeney, Liras, J.L. and Vaughn,
M., 2005.
hydroxamates:

Discovery of 3-OH-3-methylpipecolic

Potent
aggrecanase and MMP-13. Bioorganic Medicinal
Chemistry Letters. 15(14), pp. 3385-3388.

[24] Montalbetti, C.A. and Falque, V., 2005. Amide bond
formation and peptide coupling. Tetrahedron, 61(46),
pp.10827-10852.

[25] Choudhary, V.K., Kumar, A. and Sharma, N., 2018.
Potential bioactive mononuclear diorganotin (IV)

orally active inhibitors of

phenoxyacetohydroxamate ~ complexes:  synthesis,
characterization and antimicrobial evaluation. Main
Group Metal Chemistry, 41(1-2), pp.27-32.

[26] Forghieri, F., Graziosi, G., Preti, C., Tosi, G. 1983.
Cyclic  substituteddithiocarbamates  as  ligands;
Vanadium(Ill) and oxovanadium(IV,V) complexes.
Transition Metal Chemistry, 8, pp.372- 376.

[27] Wilisch, W.C.A., Scott, M.J. and Armstrong, W.H., 1988.
Vanadium (III) phenolate complexes; Synthesis,
structure and properties of [{V(OCsHs)s} {Li(DME)3]
and two species containing the [V(DIPP)4]1- anion.
Inorganic Chemistry, 27, pp. 4333-4335.

[28] Neese, F., 2022. Software update: The ORCA program
system—Version 5.0. Wiley Interdisciplinary Reviews:
Computational Molecular Science, 12(5), p.e1606.

[29] Becke, A. D.,  1992.  Density-functional
thermochemistry. 1. The effect of the exchange-only
gradient correction. The Journal of Chemical Physics,
96(3), pp. 2155-2160.

[30] Schiifer, A., Horn, H. and Ahlrichs, R., 1992. Fully
optimized contracted Gaussian basis sets for atoms Li to
Kr. The Journal of Chemical Physics, 97(4), pp.2571-
2577.

[31] Ayala, A.P,, Siesler, H.W., Boese, R., Hoffmann, G.G.,
Polla, G.I. and Vega, D.R.,, 2006. Solid state
characterization of olanzapine polymorphs using
vibrational  spectroscopy. International  journal —of
pharmaceutics, 326(1-2), pp.69-79.

[32] Pettersen, E. F., Goddard, T. D., Huang, C. C., Couch,
G. S., Greenblatt, D. M., Meng E. C. and Ferrin, T. E.,
2004. UCSF Chimera—a visualization system for
exploratory research and analysis. Journal of
Computational Chemistry, 25(13), pp. 1605-1612.

[33] Alzahrani, S., Morad, M., Bayazeed, A., Aljohani, M.M.,
Alkhatib, F., Shah, R., Katouah, H., Abumelha, H.M.,
Althagafi, 1., Zaky, R. and El-Metwaly, N.M., 2020. Ball
milling approach to prepare new Cd (II) and Zn (II)
complexes; characterization, crystal packing, cyclic

voltammetry and MOE-docking agrees with biological
assay. Journal of Molecular Structure, 1218, p.128473.

[34] Sharma, S., Sharma, S., Thakur, M. and Kumari, M.,
2024. Molecular docking of biologically active
vanadium (III) hydroxamates: Synthesis, structural
aspects, electrochemical and thermal behavior. Journal
of Chemical Sciences, 136(2), p.34.

[35] Mohan, S., Gunasekaran, S. and Ravi Kumar, K.G. 1986.
Vibrational spectra of vanadium chloride and its normal
coordinate analysis. Proceedings of National Academy of
Sciences, India Sect A, 52A(3), pp. 641-646.

[36] Brown, D.A. and Roche, A.L. 1983. Design of metal
chelates with biological activity.3. Nickel (I1) complexes
of alkyl and amino hydroxamic acids. Inorganic
Chemistry, 22, pp.2199-2202.

[37] Janas, Z., Sobota, P., Klimowicz, M., Szafert, S.,
Szczegot, K. L.B., 1997, 2-
Tetrahydrofurfuroxo-vanadium-(III) and (IV) complexes

and Jerzykiewicz,

Synthesis structures and reactivities of [VaMga(p38°-
‘[hffo)2 (p. 82—‘[hff0)4C14]2CH2C12 and [Vz(p. 62—
thffo)>C1,02]. Journal Chemical Society, Dalton
Transactions, 997(20), pp. 3897-3902.

[38] Liu, S.X. and Gao, S., 1998. Synthesis crystal structure
and spectral properties of VO(acetylacetone
benzoylhydrazone)(8-quinolinol). Polyhedron, 17:81-84.

[39] ElI-Megharbel, S.M., Hamza, R.Z. and Refat, M.S., 2015.
Synthesis, spectroscopic, structural and thermal
characterizations of vanadyl (IV) adenine complex
prospective as antidiabetic drug agent. Spectrochimica
Acta  Part A:
Spectroscopy, 135, pp.850-864.

[40] Juris, A., Balzani, V., Barigelletti, F., Campagna, S.,
Belser, P.L. and von Zelewsky, A.V., 1988. Ru (II)
polypyridine complexes: photophysics, photochemistry,
eletrochemistry, and chemiluminescence. Coordination
Chemistry Reviews, 84, pp.85-277.

[41] Kammoun, S., Dammak, M., Maalej, R. and Kamoun,
M., 2008. Electronic states of vanadium(IIl) in trans-
VCI2(H20)s chromophore.
Compounds, 453, pp 64—68.

[42] Ozawa, T., 2000. Thermal analysis-review and
prospects. Thermochimica Acta 355, pp.35-42.

[43] Botto, 1.L., Vassallo, M.B., Baran, E.J., Minelli, G.,
1997. IR spectra of VO, and V203, Materials Chemistry
and Physics, pp. 50, pp. 267-270.

[44] Barrio, D.A., Cattaneo, E.R., Apezteguia, M.C. and
Etcheverry, S.B., 2006. Vanadyl(IV) complexes with
saccharides. Bioactivity in osteoblast-like cells in culture,

Molecular and  Biomolecular

Journal of Alloys and

94 | MatSci Express., 2024, Vol. 1, No. 2, 81-95

© Ariston Publications 2024. All rights reserved.


http://www.ncbi.nlm.nih.gov/pubmed?term=Yocum%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Otterness%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Bliven%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Carty%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Barberia%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Sweeney%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Liras%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15953722
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaughn%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15953722

Sonika Sharma et al. Synthesis, spectroscopic, and DFT studies of Vanadium (I11) hydroxamate complex with potential biological applications

Canadian Journal of Physiology and Pharmacology. 84,
pp.765-775

[45] Domyati, D., Zabin, S.A., Elhenawy, A.A., Abdelbaset,
M. 2021. Preparation, Antimicrobial Activity and
Docking Study of Vanadium Mixed Ligand Complexes
Containing 4-Amino-5-hydrazinyl-4 H-1, 2, 4-triazole-
3-thiol and Aminophenol Derivatives. Processes. 9,
pp-1008.

[46] Sharma, N., Kumar, V., Sharma, R., Kumari, M. and
Kanwar, S.S., 2011. Coordination compounds of

hydroxamatooxovanadium(IV) complexes with
nitrogenous bases and their antimicrobial activities.
Bulletin of Chemical Society of Japan, 84, pp.855-861.

[47] Sharma, N., Priya, B., Choudhary, V.K., Sharma, M.,

and Kumar, A. 2020. Potentially Antibacterial Mixed-
Ligand Oxidovanadium (IV) Salicylhydroxamate
Complex [VO (acac) SHA]: Synthesis, Characterization
and Quantum Mechanical Study. Proceedings of the
National Academy of Sciences, India Section A: Physical
Sciences, 90, pp.213-223.

© Avriston Publications 2024. All rights reserved.

MatSci Express., 2024, Vol. 1, No. 2, 81-95 | 95



