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Abstract

In the manuscript, we report the synthesis, spectral and thermal investigation of dioxidovanadium (V)
complex. The complex was obtained by the treatment of [\VO(acac)z] with ONS donor Schiff base in 1:1
mole ratio in ethanol yields of [VO2(L)(H20)].1/2H20 1 [HL= dehydroaceticacid-N-4-methyl-3-
thiosemicarbazone]. The compound was characterized by physicochemical analyses like magnetic
measurements, infrared, electronic, NMR spectral, and thermal studies. A thermogravimetric (TG) curve
was used to arrive at insights into the thermal stability of one of the synthesized complexes. The resulting
pyrolysis was further manipulated to evaluate the related thermodynamic and kinetic parameters. Based
on the thermal analysis order of decomposition (n), activation energy (Ea), entropy (AS), free energy
(AG) and enthalpy changes (AH) for each of the three stages of the thermal degradation/pyrolysis have
also been evaluated. Moreover, Insilco in-vitro biological activities of studied ligand and
dioxidovanadium (V) complex were done with https://www.molinspiration.com a web tool.

Keywords: Dioxidovanadium (V) complex, thermal, spectroscopy, and insilco biological activity

Introduction

The continuous interest in the coordination chemistry of vanadium is based on the broad area
of catalytic and biological properties in relevant systems (da Silva et al. 2013) . The
investigation of numerous medicinal properties of vanadium compounds especially in two
different oxidation stages +4 and +5 are generally regarded to have insulin-enhancing
properties and anti-diabetic effects both in vivo and in vitro (Thompson et al. 2006) ?71. Simple
inorganic vanadium salts with different chemical valencies (V(IV) and V(V)) have beneficial
biological properties, similar to sodium orthovanadate and vanadyl sulfate. However, these
salts caused side effects, when orally administrated to diabetic rats (Shrivastava et al. 2005)
126, The vanadium complexes have grown enormously over the previous few decades due to
the role of vanadium in several biological processes, such as haloperoxidation (Macedo-
Ribeiro et al. 1999) I, phosphorylation (Corman et al. 1995) ¥ and glycogen metabolism
(Crans et al. 1989; Nour-Elden et al. 1985) 1% %1, More recently, vanadium (IV) coordination
compounds have been shown to catalyze selective oxidation of alkenes by molecular oxygen
(Chatterjee et al. 2004) . Vanadium (V) in particular, in stereo-chemically flexible
coordination geometries ranging from tetrahedral and octahedral to trigonal pyramidal and
pentagonal bipyramidal, is thermodynamically plausible (Djordjevic et al. 1998) 131,

Thermal analysis techniques were extensively used in studying the thermal behavior of metal
complexes (Soliman et al. 2001) ?°1. The data provided information concerning the thermal
stability and thermal decomposition of these compounds in the solid state. Thermogravimetry
is a process in which a substance is decomposed in the presence of heat, which causes the
bonds of the molecules to be broken (Albano et al. 2000; Carrasco et al. 1993) [ 8, Kinetic
studies of thermal decomposition reactions may become useful in calculating the parameters
like the order of reaction (n), activation energy (Ea), entropy change (AS), enthalpy change
(AH), free energy change (AG), and pre-exponential factor (z). The number of Schiff bases and
their metal complexes provided a rich platform for various interesting biological effects like
antibacterial, antifungal, anticancer, anti-inflammatory, antimalarial, and various other effects.
Therefore, considering the above facts and continuing our interest in this field, the present
work reports a study on the synthesis, spectral characterization, thermal investigation, and
Insilco biological activities of dioxidovanadium (V) complex.
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Experimental

Materials and methods: Dehydroacetic acid and methanol
(E. Merck, Germany), 4-methyl-3-thiosemicarbazide (Alfa
Aesar Division, Johnson Matthey chemicals Pvt. Ltd, USA),
were used as received. [VO(acac),] was a prepared method
described by (Patel et al. 1981) 4. All chemicals used were
of analytical reagent (A. R.) grade. The infrared spectral
analysis (400-4000 cm™) was recorded on a Bruker a-T FTIR
spectrophotometer, with KBr pellets. Electronic spectral
analysis was recorded on a CARY-5000, UV-VIS-NIR
spectrophotometer in quartz cells. The magnetic measurement
was carried out using mercury (Il) tetrathiocyanatocobaltate
(I) as a calibrant on Sherwood Scientific magnetic
susceptibility balance (UK). Thermogravimetric analysis was
done by heating the sample at a rate of 25 °C min! up to 1000
°C on a thermal analyzer at Sophisticated Analytical
Instrument Facility, 1IT, Mumbai. Elemental analysis was
performed on an Elemental Vario ELIIlI Carlo Erba 1108
analyzer from SAIF, CDRI, Lucknow.

Synthesis of Schiff base: Ligand (HL) was prepared by
following the method (Scheme 1). Yield: 0.3978g, (78%).
Melting point: 216 °C. Anal. Calc. for CgH11N303S (MW:
255): C, 47.05; H, 5.13; N, 16.46, Found: C, 46.14; H, 4.96;

http://www.chemijournal.com

DMSO. IR (KBr, 4000-500 cm): v(C=0) 1678s, v(C=N)
1648s, v(C-0) 1342, v(C=S) 1168. IUPAC Name: 4-hydroxy-
6-methyl-2-oxo-2H-pyran-3-yl-ethylidene-N-
methylcarbamohydrazonothioic acid.

Synthesis of [VO2(L)(H20)]-%2H20 1: A hot methanolic
solution of [VO(acac);] (0.001M, 0.266 g) in 20 mL, was
added to the equimolar amount of the respective Schiff base
ligand, HL (0.255 g) dissolved in 20 mL of methanol were
mixed. The resulting solution was refluxed for 4 h at 60 °C. It
was cooled and filtered. The filtrate was collected and the
precipitate was dissolved in ethanol-methanol (1:10) and
again filtered. The filtrate thus obtained is again added to the
above filtrate, which is then kept for air oxidation at room
temperature for 3-4 days with occasional shaking. The
resulting compound is collected and recrystallized from
methanol. [VO»(L)(H20)]-%2H20 1 Yield: 0.2484g, (68%).
Melting point: 253 °C. Anal. Calc. for: C1oH13N30sSV, (MW:
365.25): C, 33.91; H, 3.70; N, 11.86; S, 9.05. Found: C,
33.81; H, 3.63; N, 11.82; S, 9.12. Solubility: Methanol,
Acetonitrile, DMF, and DMSO. IR (KBr, 4000-600 cm):
v(C=0) 1715, v(C=N) 1580, v(C-0O) 1324, v(C=S) 1140,
Vs(V02)960, Vas(VO,) 880 cm™. UV—Vis (DMSO) Amax NM:
265, 319.

N, 18.40%. Solubility: Methanol, Acetonitrile, DMF, and
H;C
/T H,N .
S/ ol + S Methanol
/N reflux, 3 hrs
o o H N—CH; (60 °C)
H;C H
Hdha Mtsc
Hdha-mtsc
CH;0H
refluxed for 4 h [VO(acac),]
H;C
8] . O CH:
e 00\\ /f/cnh H5C O \\| L0
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Scheme 1: Synthetic route of dioxidovanadium (V) complexes

Thermodynamic Studies

In the present investigation, we work with two thermal
methods the non-isothermal mode for TGA techniques from
(i) Coats—Red method and (ii) the Broido method. The order
of reaction activation energy (E.), enthalpy (AH), entropy
(AS), and free energy changes (AG) were also calculated at a
particular step.

The Coats—Red fern equations (Coats et al. 1964) [ are in the
following form:

1
1-(1-a)n| M .
In [ T ] =8 forn=1 ()
In [ 9 = M forn=1 (i)

~gg~

Where a represents the fraction of sample decomposed at time
t defined by

= Wo-Wo)
(Wo—W.o,) - (i)
Wy, W and W., are the weight of the sample before the
degradation, at temperature t°C, and after total conversion
respectively. T is the derivative peak temperature

M= -2
R

_ InAR
$Ea

Ea R, A, and ¢ are the heat of activation, the universal gas
constant, the pre-exponential factor, and the heating rate
respectively. The correlation coefficient ‘r> was computed
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using the least square method for different values of n
(n=0.33, 0.5, 0.66, and 1), by plotting the LHS of equation (i)
or (ii) versus 1/TK. The n values which gave the best fit (n ~
1) were chosen as the order parameter for the decomposition
stage of interest. From the intercept and linear slope of the
such stage, the Z and E, values were determined. AS was also
computed using the relationship:-

AS = [(lné—l%)-l]

(V)
AH=E,—RT W)
AG = AH-TAS L (i)

Where, Kg is the Boltzmann’s constant, h is Planck’s constant
and Tn is the DTG peak temperature. AH and AG are
calculated using equations (v) and (vi).

Broido Method: Broido has developed a model (Broido et al.
1969) ™ and put forward a simple and sensitive graphical
method for the treatment of TGA data. According to this
method, the weight at any time t (W) is related to the fraction
of initial molecular weight as shown below.

N W-W,

y=2—
No Wo-Wj,

... (vii)
Where

W, is the initial weight of the materials and

W, is the weight of residue at the end of decomposition:

For isolated pyrolysis:

E = —K}:rn
dt ... (viii)

AE—E,-"R‘T

If, K= (%)

and if T is a linear fraction of time t, therefore:
T=T,+(
0
t (%)

dy _ A

- E/RT
= 2 .dt

=3

.. (xi)

Where
b= det

[1E8 4 (T —E/RT g
¥ dn BTy

, the heating rate Eq. (xi) is integrated as:

(i)

For the first order kinetics (n= 1) in which complex degrades
usually:

1dy _ .= i
by =mty =g .. (i)
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On integrating and taking the log of both sides of Eq. (xiii),
the following equation is obtained.

tn[in(3)] = (7o) inT + Comstant L (i)

Thus, a plot of In [ln G)] v/s 1/T yields a straight line, whose
slope is directly related to Ea:
-Ea= Slope x 2.303%R .. (Xiv)

Where E, is the activation energy and R is the gas constant.
The application of this method is used to determine the kinetic
parameter for the complexes.

infin(5)] = ()5 + [ ()

Where
Wf_Woo .
Y= e and Z can be calculated from the relation

0~ Woo

2= ()7 * el

AH and AG are calculated using equations (v) and (vi)

Results and discussion

Infrared spectral studies: The infrared spectrum of Schiff
base show a weak band at 3448 cm™ for v(O-H), a strong
band at 1678 cm™ for v(C=0) (lactone), and another strong
band at 1648 cm™ due to v (C=N) (azomethine). The presence
of both v(N-H) (hydrazide) and v(N-H) of (thioamide) peaks
are found to be merged at 3268 cm™. The presence of a
medium band at 1168 cm™ in the ligand is most probably due
to v(C=S) of the thiosemicarbazone moiety (Banwell et al.
1997) 2, These observations suggest that the ligand under the
present investigation exists in thione form. In the coordination
of enolic oxygen after deprotonation, the v(OH) at 3448 cm™
should be disappeared in the spectra of the complex. But due
to the presence of v(OH) on account of coordinated water
(vide infra), it is difficult to say the coordination of enolic
oxygen after deprotonation with certainty. However, such
coordination is supported by the appearance of v(C-O)
(enolic) at 1315 cm™ compared to v(C-O) (enolic) at 1342 cm-
! in the ligand. The v(C=S) mode of the thione group
observed at 1249 cm™ in the ligand is shifted to lower wave
numbers (Maurya et al. 1995) [21 and appears at 1168 cm™ in
the complex. This suggests the bonding of the thione sulfur to
vanadium in the complex. A sharp and strong band at 1648
cmtis due to v(C=N) in the ligand after the complexation this
band is observed at 1573 cm suggesting the coordination of
the azomethine nitrogen to vanadium. The overall infrared
spectral studies conclude that the thiosemicarbazones used in
the present study behave as monobasic tridentate ONS-donor
ligands. The metal chelates also show a medium/broadband at
3427cm™ due to v(OH) mode because of the presence of
lattice/coordinated water in them. Complex 1 display a sharp
two sharp medium bands at 850-902 cm™ corresponding to
vas(0=V=0) and vs(0O=V=0) modes (Maurya et al. 2002) [*°]
respectively.

~100~
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The electronic spectral analysis: The electronic spectra of
the ligand HL and their complex 1 shown in (Figure 3) were
recorded in 10 M DMSO solutions. The ligand HL displayed
two peaks at 282 and 318 nm the peaks are assigned intra-
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Fig 2: Experimental FTIR Spectrum of complex [VO2(L)(H20)]-¥%2H20

ligand transitions. While complex 1 displayed three peaks at

284, 344, and 415 nm. The first two peaks at 284 and 344 nm
assign intra-ligand transitions in the ultraviolet region and the
3 spectral peak at ~ 415 nm is due to ligand— metal charge
transfer (LMCT) transition.

34
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2 2
H ]
L =
g 1 1

0- - _—

el o
-1 T T T ' . . . .
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength {nm) Wavelength (nm)
Fig 3: Electronic spectrum of ligand HL (left) and complex 1 (right).
Conductance Magnetic measurements: The molar These results are indicative of the non-electrolytic nature of

conductance values of the synthesized complexes in 103 M
DMF solution is in the range of 14.6-16.9 ohmcm? mol™.

~101~

these complexes. The non-zero conductance values are most
probably due to the strong donor capacity of DMF, which
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may lead to the displacement of anionic ligand and a change
of electrolyte type (Maurya et al. 2016) 4. All the
oxidovanadium (IVV) complex is paramagnetic and
diamagnetic as expected for dioxidovanadium (V) (Maurya et
al. 2015) 121,

'HMR spectral studies: The proton *H-NMR spectrum of a
diamagnetic compound 2 was recorded in DMSO-ds, using
TMS as a reference and presented in Figure 4. This compound
displays a singlet peak due to heteroaromatic proton (dha

http://www.chemijournal.com

moiety) signal at  5.98 ppm (a), and at & 2.12 (b) and 52.16
ppm (c) due to —NH proton of hydrazide moiety. The proton
signals at & 2.503-3.45 ppm (d & e) and 1.236 ppm (f) are
most probably due to methyl proton groups present in this
compound. The proton signal is at 2.5. ppm is most probably
due to the solvent (DMSO-ds) taken. The absence of an enolic
proton signal at ~ 12 ppm in the complex indicates the
coordination of enolic oxygen to the metal ion after
deprotonation. The indexing of various proton groups is given
in scheme 3.

(e) 11(2)
15 N0
— ()-——-_ﬁv/
o)
1
/N /2( (321
O med N/ ’
Il(b)
()
10 '] 8 5 4

ppm

Fig 4: 'TH-NMR of 1 with the indexing of various proton groups.

Thermogravimetric studies: Thermogravimetric study of
compound 1 in (Figure 5) was subjected to thermogravimetric
analysis in the temperature range 25-1000 °C at the heating
rate of 10 °C/min. Compound 1 shows a first weight loss of
observed 2.239 % at 88°C calculated to the elimination of half
mole lattice water and a second weight loss of 3.99% at 165
°C  (caled. weight loss of one mole H)O, 4.13%)
corresponding to the elimination of one molecule of

coordinated water. This compound shows further weight
losses beyond 253, 502 and upto 980 °C the weight losses of
15.41, 34.73 and 19.99% respectively, However, the final
weight loss of 75.6% observed at 980 °C corresponds to the
elimination of one (HL) ligand group (calcd. weight loss,
70.128%). The final residue (obs. = 24.1%) roughly
corresponds to V,0s (calcd. = 29.872%).

110
Delta Y=2.239 %
100 1
I Delta Y=3.990 %
90 K
11 Delta Y=15.407 %
80

70

Weight %(%)
[+:]
[=]

N [N T T N T NN T ANVURN (NN T ST |

V| Delta Y=34.729%

Delta Y=19.995 %

T T
200 400

T T 1
600 800 1000

Temprature(°C)

Fig 5: TGA curve of synthesized complex [VO2(L)(H20)].%2H20 1
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Thermodynamic Studies Based on TGA: The thermogram
of the representative compound provided generous proof in all
the methods reflecting the order of the decomposition of the
order (n) of unity. The kinetic and thermodynamic parameters
of the thermal degradation of the complexes namely,
activation energy (E,), enthalpy (AH), entropy (AS), and free
energy changes (AG) were also calculated against the methods

http://www.chemijournal.com

It is because TAS increases from one step to another, an
override in the values of AH is noticeable. Increasing
values of AG for the subsequent steps of a given complex
reflects that the rate of mass loss will be lower than that
of the precedent species (Malavalli et al. 1999) 8], The
structural rigidity of the remaining compound gets
increased after the expulsion of one or more species, as

described in the experimental section. The relevant compared with the precedent complex.
parameters of each involved method at each step of 3) From the values of AG, we may confirm the coordination
decomposition were evaluated and are given in Table 1. The core where there attains an increase in its value.
respective graphical presentations have also been given in 4) It is known that the order has no intrinsic meaning, but is
Figures 6 and 8. The following remarks are pointed out: rather a mathematical smoothing parameter (Brown et al.
1) The low negative values of AS show that the activated 1980) Bl In the present case, the reaction order of all the
state is more ordered and stable than the reactants (Forst decomposition stages of all the methods is found to be
etal. 1961) [*5], nearly equal to one. The plots are linear with a regression
2) In the subsequent decomposition stages of the given coefficient, r, ranging between 0.970 and 0.999. This
complex, values of AG increase markedly, although no result indicates that all three-step decomposition of
regular trend is observed in the values of either E; or AH. complex follows the first-order kinetics.
" Coats-Redfern Plot (I Step) Broido Plot (I Step)
=1&, T T T T O
0.0p22 0.80225 0.0023 0.00235 00024 0.00245 0.0025 0.00255 00022 000225 00023 000235 00024 000245 00025  0.00255
1438 1
E‘ # Series] — Linear (Series1) E o Series]
~
"'?'- -15 %-2 ——Linear (Series1) y=-3112.8x+4.4841
2 < R}=0981
: £
2152 y=-2284.44-9572 4
= R=0.9675 ¢
154 4
1/7K AL
145 Coats-Redfern Plot (Il Step) Broido Plot (Il Step)
' 21
0.002 0205 00021 000215 00022 006225 ||| noo020.85204 0.00206 000208 0.0021 0.00212 0.00214 000216 0.00218 0.0022 000222 00224
-14.55 4 Seriesl 22
E —Linear (Series1) 25 & Seriesl
~N ~
"?*-14.6 %_23
it £
T y=-768.97x- 12.955 £
S48 R=099 24 y=-1714.9%+ 13652
- 2,45 R?=0.9968
-147 25
1/TK A
Coats-Redfern Plot (11l Step)
129 _ Broido Plot (lll Step)
30 00005 0001 40005 odo2 02
K
131 \ 0
\E_-m ‘\‘ 0 00002 00004 00006 00008 0001 00012 00014 40016 00018 0402
3 ‘ 3
E 133 ¢ Seriesl \‘ '::-.0,5 » Series]
£ 4 \ z =220 8¢+ 34903
€135 o\ 1 R}=09978
= y=-1152.9x- 11427
136 R=09854
137 L5
17K 17K
Coats-RedfernPlot (IV Step) Broido Plot {IVStep)
13 0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014
00002 00004 00005 00008 0001 0001) 0.0p4 06
13.05 ¢
0.5
E'E'l ¢ Seriesl 1 - o Seriesl
2115 3o
[ T —Linear (Series1)
2.32 E0?
_‘:- ) y=-845.62x+ 13721
EBS y=927.84x-14.21 o R?=0.9803
133 R?=0.5964 01
: 0 |
1335 = K

Fig 6: Coats-Redfern plot of complex [VO2(L)(H20)].%2H20 1
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Bioactivity score Druglikeness properties: The very
applicable interaction of drugs with many biological targets
viz., enzymes, ion channels, receptors, etc. in living beings
define the pharmacological action of drugs. The bioactivity
scores are based on numerous parameters that are (i) G-
protein coupled receptor ligand (GPCRL), (ii) ion channel
modulation (ICM), (iii) nuclear receptor ligand (NRL), (iii)
kinase inhibition (KI), (iv) protease inhibition (PI), (v)
enzyme inhibition (El) and the bioavailability of the studied
compounds was predicted by subjecting them to calculations
through web-server, www.molinspiration.com and these
results are presented in Table 2. It has been suggested that
compounds with bioactivity scores >0.0 are highly bioactive
whereas scores between -5.0 to 0 have moderate activity and
<-5.0, then they are inactive. The present studied compounds
have values between -1.91 to 0.01, so they are expected to
have moderate activity (Dhanaraj et al. 2016) [*21,

Lipinski's rule of five (RO5) is a benchmark for drug design
and their development, it also assists in the description of
molecular properties of drug candidates which provided
insight into numerous pharmacokinetic parameters viz.,
absorption, distribution, metabolism, and excretion (ADME)
for predicting the success of an orally introduced drugs
journey through the body towards the site of action. The rule

http://www.chemijournal.com

predicts the oral activity of a drug candidate in connection
with a certain molecular parameter (i) logP (partition
coefficient), (ii) molecular weight, (iii) number of hydrogen
bond acceptors, (iv) hydrogen bond donors, and (v) polar
surface area. According to ROS5, an orally active drug
candidate should have logP <-5, number of hydrogen bond
acceptors (<10), number of hydrogen bond donors (<5), and
molecular weight (<500) (Lipinski et al. 2001) [*¢1. Normally,
an orally active drug should not display any violation
according to the rules. Herein, the values of milLogP, TPSA,
molecular weight, and other parameters for the studied
compound are calculated and charted in Table 3. It can be
observed that ligand HL and complex 1 are having milLogP
values is 2.59 and -5.16, which is within the tolerable limit of
a drug candidate to infiltrate through biomembranes and are
displaying good bioavailability as per Lipinski's Rule (Ammal
et al. 2020) 2. The ligand and its Cu(Il) complex do not show
any violation of Lipinski's rule. So, the studied compounds
can be considered oral therapeutic molecules as per RO5. But
the recent developments in drug discovery have increased the
chemical space for oral druggable candidates beyond
Lipinski's Rule of 5 (bRo5) by considering target interaction
and incorporating various natural products rich in activities
(Doak et al. 2016) (41,

Table 2: Bioactivity score of the HL and its complex dioxovanadium (V)1.

Comp. Parameters of Bioactivity score
GPCR ligand | lon channel modulator | Kinase inhibitor | Nuclear receptor ligand | Protease inhibitor | Enzyme inhibitor
HL -1.81 -1.65 -1.91 -1.61 -0.96 -0.59
1 -0.52 -0.57 -0.70 -0.61 -0.12 0.01
Table 3: Druglikeness score of the HL and its complex dioxovanadium (V)1.
Com Lipinski's Parameters
P % Abs. TPSA (A)? MlogP nOHNH nON | nrtb Lipinski’s violations
HL 79.33 86.86 1.00 3 6 4 0
1 66.1 124.03 -5.47 4 9 1 0

Percentage absorption was calculated by % Absorption = 109-
[0.345xTopological Polar Surface Area] Topological polar
surface area (defined as a sum of surfaces of polar atoms in a
molecule), Logarithm of compound partition coefficient

between n-octanol and water, Hydrogen bond donors
(nOHNH), Hydrogen bond acceptors (nON) and Number of
rotatable bonds (nrotb).

NSO
g

X

i‘-

mol

Fig 7: 3D-Molecular structures of ligand (HL) and their complex 1 obtained through Molinspiration galaxy 3D structure generator v2021.01
beta a web-tool.

Conclusion

From the discussions laid so far in favor of the structural
elucidation it is suggested that the complex under this
investigation may be formulated as, [VO2(L)(H20)]-%2H,0,

Where
L = dehydroaceticacid-N-4-methyl-3-thiosemicarbazone.
Considering distorted octahedral geometry with a monomeric

Hexa-coordination environment has been proposed. The
Thermogravimetric (TG) curve used to arrive at the insights
of thermal stability of the complex shows it is thermally stable
to a higher temperature range and the final oxide derivative
possesses the highest stability among the different pyrolytic
fragments intervened in the course of the TG experiment.
Insilco biological screening indicates that the studied ligand

~ 104~
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and its complex are good drug candidates possessing diverse
biological activities.
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