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ABSTRACT

In present investigation two Schiff base ligands were synthesized by condensation of
isonicotinylhydrazide with benzaldehyde/ p-chlorobenzaldehyde and their four oxovanadium (1V)
complexes were prepared. Ligands and complexes were characterized by elemental analysis, molar
conductance, magnetic moment, electronic spectroscopy, FTIR, *H-NMR and *C-NMR. DFT study was
employed to optimize the geometry of the investigated compounds. Using molecular modeling, bond
lengths, bond angles, molecular electrostatic potential map (MEP), and Mullikan charge were also
evaluated. The Schiff base ligands and complexes have been investigated for antidiabetic activity. The in-
vitro antidiabetic results suggest that complexes exhibit prominent antidibetic activity. Ligand and
complexes were also screened for their antibacterial activity against gram-negative bacteria Escherichia
coli in comparison to standard drugs. All complexes were found more potent than Schiff base ligands.
The MIC of complexes was also studied.
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INTRODUCTION

Vanadium (IV) compounds have been shown to exhibit a wide range of biomimetic activities, including
the inhibition of enzymes and insulin mimetics, (Zhang, et al., 2017; Sahani MK, et al., 2014). Numerous
in vitro and in vivo studies have shown that vanadium has insulin like effects in the liver, skeletal muscle
and adipose tissue as well as improves hepatic and muscle insulin sensitivity in type 2 diabetes (Samy M.
El-Megharbel et al, 2015). A few vanadium compounds seem to have insulin-enhancing effects, and
among others, bis(picolinato)oxidovanadium (IV) has proved to be orally active in treating diabetes
mellitus. However, other two complexes namely bis(maltolato)oxidovanadium (IV) and
bis(ethylmaltolato)oxidovanadium (IV) have also shown significant glucose lowering effect (Isaac Z.
Gundhla et al., 2014).

Schiff base and their complex derivatives have fascinated researchers in last twenty five year due to its
vivid applications. Ligands with O and N donor atoms have played an important role in coordination
chemistry and recently, considerable attention has been paid, due to their stability, biological activity and
potential applications in many fields such as oxidation catalysis, electrochemistry etc (Shukla et al., 2015;
Liu et al., 1996; Djebbar et. al., 1998; Hamada, 1997). Isoniazid is an antibacterial, which is very active
against microorganism. Schiff bases derived from isoniazid; act as O and N donor bidentate ligands to
stabilize 5-coordinated square pyramidal oxovanadium (1) complexes (Shivakumar et al., 2012).
Therefore, in anticipation of good reactivity and biological activity we have synthesized two Schiff base
ligands of isonicotinylhydrazide and its four complexes with vanadyl sulphate. We have characterized
compounds by spectroscopic technique and to explore in vitro antidiabetic activity complexes have been
tested in-vitro for pancreatic alpha-amylase inhibition activity. Since, density functional theory (DFT) has
been accepted as a powerful tool in optimization of molecular structure and providing a lot of information
about structural properties (Shoba et al., 2011; Tyagi et al., 2015), we are also interested in DFT study of
compounds.
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MATERIALS AND METHODS

Benzaldehyde, p-chlorobenzaldehyde (CDH), isonicotinylhydrazide (Lancaster, U.K.), vanadyl sulphate
(E. Merck), enzyme alpha-amylase, muller hinton agar media (Himedia) were purchased and used as
received. AR grade methyl alcohol, ethyl alcohol, acetonitrile, acetone, dimethylsulphoxide were used
throughout the experiment. FTIR spectra were recorded in KBr pallets on Shimadzu-8400S FTIR
spectrophotometer in the range 4000-400 cm™. Electronic absorption spectra were recorded in the range
800-200 nm with El - 2305, double beam spectrophotometer equipped with a PC. *H-NMR and *C-NMR
spectrum was recorded with Bruker Avance 700 (FT NMR). The ESI spectra were recorded on Agilent
6520 (QTOF) Mass spectrophotometer. Elemental analyses (C, H and N) were performed on Elementar
Vario EL IlI, elemental analyzer. Molar conductance was measured in DMSO with an EI-181 digital
conductivity bridge with dipping type of cell at 25'C. The metal content was analyzed gravimetrically by
the literature procedure (Jeffery et al. 1989).

Synthesis of Schiff base Ligands
Preparation of (Z)-N'- benzylideneisonicotinohydrazide, (SBBZINH); L; :

This ligand was prepared according to literature procedure (Mehrotra et al., 2011). Isonicotinohydrazide
(1.37 g, 0.01 mol) was dissolved into 25 mL methanol in a two neck flask. Benzaldehyde (1.01 mL, 0.01
mol) mixed into 25 mL of methanol was added to above reaction mixture. The reaction mixture was kept
under reflux in an inert atmosphere. Progress of reaction was observed by TLC. After 10 h, reaction
mixture was concentrated and kept at room temperature for slow evaporation. After two days an off white
precipitate was separated, which was filtered off, washed with sodium bisulphite, vacuum dried and
recrystallized from ethanol. Colour = off white; Yield: 1.90 g (80%); m.p. = 180 °C; Found: C, 69.20; H,
4.88; N, 18.60; Ci3H;oN;O (Mt = 225.09). Required: C, 69.32; H, 4.92; N, 18.66. Selected infrared
absorption (KBr, cm™): v(N-H), 3200(w); v(C=0)cont, 1685(S); V(C=N)¢yciic, 1615(sh); v(HC=N)imine,
1599(s). Electronic spectra (Amay in nm (& in (mol L™ cm™)) in DMSO: 240(360), 280(120), 320(200). *H-
NMR (700 MHz; §, DMSO-dg): & 12.487(s,1H, -CONH); 8.731 - 8.751 (m, 2H, pyridyl-H); & 8.366(s,
1H,—~CH=N); 7.847-7.896 (m, 2H, pyridyl-H);5 7.419-7.840 (m, 5H, Ar-H). *C{*H}-NMR (700 MHz; §,
DMSO-dg) 6§ 164.74(CH=N); § 142.60-152.07 (pyridyl -C); § 123.31-135.38(Ar-C). ESI-Mass spectra,
m/z: [C8H7N20 + H+]+ = 14705, [C7H5N30 + H+]+ = 148056, [C13H10N30]+ = 22408, [C13H11N30 +H+]
=226.06; Mt =225.09.

Preparation of (E)-N'-(4-chlorobenzylidene)isonicotinohydrazide, (SBCBZINH);L,:

Isonicotinohydrazide (1.37g, 0.01 mol) was dissolved into 25 mL methanol in a two neck flask. p-
Chlorobenzaldehyde (1.20 mL, 0.01 mol) mixed into 25 mL of methanol was added to above reaction
mixture. The reaction mixture was kept under reflux for 15 h in an inert atmosphere. Progress of reaction
was observed by TLC. After completion, reaction mixture was concentrated and kept at room temperature
for slow evaporation. After two days, a white precipitate was separated, which was filtered off, washed
with sodium bisulphite, vacuum dried and recrystallized from ethanol. Colour = White, Yield: 2.065 g
(75%); m.p. = 190 °C. Found: C, 60.09; H, 3.84; N; 16.10. C;3H;,CIN;O (Mt = 259.05). Required: C,
60.12; H, 3.88; N, 16.18. Selected infrared absorption (KBr, cm™): v(N-H), 3220(w); v(C=0)cont,
1668(s); v(C=N)eyciic; 1616(s); v(HC=N)imine, 1605(sh). Electronic spectra (Amax in nm (¢ in (mol L™ cm™))
in DMSO: 225(410), 258(245), 330(130). 'H-NMR (700 MHz; §, DMSO-dg): §12.477(s,1H, —CONH);
8.741-8.753 (m, 2H, pyridyl-H); §8.367 (s, 1H,—~CH=N); 7.857-7.886 (m, 2H, pyridyl-H); §7.418-7.830
(t,5H, Ar—H).”*C{*H}-NMR (700 MHz;5, DMSO-ds) § 164.65(CH=N); § 141.61-153.08 (pyridyl -C); &
124.30-134.37(Ar—C). ESI-Mass spectra, m/z: [CgH;N,O + H']" = 147.05, [C;HsN3O + H']" = 148.056,
[C6H4N3CI]+ = 11100, [C6H5N20]+ = 12104, [C7H5CI N2]+ = 13800, [C7H6N30]+ = 14805, [C7H6CIN2]+
= 153.03 , [ CgHeCINzo ]+ = 18101, [C13H10C|N30]+ = 22408, [C13H9N30C| ]+ = 25804, [ C13H10C|N30
+H"] = 260.06; Mt = 259.05.
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Synthesis of complexes:

[VO (SBBZINH)(H,0),]SO,4, Complex 1:

VOSO,-5H,0 (0.253 g, 0.01 mmol) dissolved in minimum amount of water and recrystallized Schiff base
(0.225 g, 0.01 mmol) were mixed in 20 mL of methanol. The reaction mixture was kept under stirring for
2 h in an inert atmosphere. The colour of solution changes from dark yellow to dark green. Thereafter,
reaction mixture was refluxed for 7 h. After reduction of volume by slow evaporation a green colour solid
was precipitated, which was filtered off, washed with diethyl ether, dried under vacuum and recrystallized
from methanol. Colour = Green, Yield: 0.366 g (76%); m. p. 250 °C. Found: C, 36.75; H, 3.50; N, 9.80;
V, 11.96; Ci3HisN3sOgSV (Mt = 424.28). Required: C, 36.80; H, 3.56; N, 9.90; V, 12.01; Selected
infrared absorption (KBr, cm™): v(N-H), 3150(w); v(CO)conn, 1650(s); V(C=N)¢yciic,1600(s);
V(HC=N)imine, 1550(sh) ); v(M=0), 960(sh); §(H,0), 760(sh). Electronic spectra (Amay in NM (g in (mol L™
cm)) in DMF: 355(225), 425(85). et = 1.68 B.M. Molar conductance A, at 25 °C (@™ cm*mol™): 80 in
DMF. ESI-Mass spectra, m/z: [CisH1iN3O + H']" = 226.09; [CisH1sN3Og SV + H']" = 425.28; Mt =
424.28.

[VO (SBBZINH),]SO, Complex 2:

VOSO,-5H,0 (0.253g, 0.01mmol) dissolved in minimum amount of water and recrystallized Schiff base
(0.450 g, 0.02 mmol) were mixed in 20 mL of methanol. The reaction mixture was kept under stirring for
1 hin an inert atmosphere. The colour of solution changes from yellow to greenish brown. Thereafter,
reaction mixture was refluxed for 5 h. After reduction of volume by slow evaporation a brownish green
colour solid was precipitated, which was filtered off, washed with diethyl ether, dried under vacuum and
recrystallized from ethanol.

Colour = Brownish green, Yield: 0.545 g (77%); m. p. 280 °C. Found: C, 50.70; H, 3.57; N, 13.45; V,
8.18; C,sH»,NgO,SV (Mt = 613.5). Required: C, 50.90; H, 3.61; N, 13.70; V, 8.30; Selected infrared
absorption (KBr, cm™): v(N-H), 3090(w): v(CO)conn, 1635(s): V(C=N)cyeiic, 1604(s);  V(HC=N)inine,
1554(sh) ); v(M=0), 974(sh). Electronic spectra (Amax in nm (g in (mol L™ cm™)) in DMF: 360(100),
460(90). et = 1.61 B.M. Molar conductance A, at 25 °C (™ cm’mol™): 107 in DMF. ESI-Mass spectra,
m/z: [C13H11N30 + H+]+= 22609, [C26H22N507SV2+ + H+]+ = 61407, Mr,; = 613.5.

[VO (SBCBZINH)(H,0),]SO,4, Complex 3:

V0S0,-5H,0 (0.253 g, 0.01 mmol) dissolved in minimum amount of water and recrystallized Schiff base
(0.259 g, 0.01 mmol) were mixed in 20 mL of methanol. Few drops of sodium hydroxide was added to
catalyze the reaction and the reaction mixture were kept under stirring for 2 h in an inert atmosphere. The
colour of solution changes from dark yellow to green. Thereafter, reaction mixture was refluxed for 6 h.
After reduction of volume by slow evaporation a light green colour solid was precipitated, which was
filtered off, washed with diethyl ether, dried under vacuum and recrystallized from methanol. Colour =
Light green, Yield: 0.308 g (61%); m. p. 270 °C. Found: C, 34.00; H, 3.01; N, 9.11; V, 10.99;
CisHuN3OsSV (Mt = 458.73). Required: C, 34.04; H, 3.08; N, 9.16; V, 11.11; Selected infrared
absorption (KBr, cm™): v(N-H), 3160(w); v(CO)conn, 1655(s); V(C=N)¢yciic,1610(S); V(HC=N)imine,
1570(sh) ); v(M=0), 940(sh); 6(H,0), 755(sh). Electronic spectra (Amax in nm (¢ in (mol L™* cm™)) in
DMF: 365(200), 470(80). e = 1.70 B.M. Molar conductance A, at 25 °C (* cm?mol™): 90 in DMF.
ESI-Mass spectra, m/z: [Ci3Hio CIN3O + H']" = 260.05, [Cyi3Hi4 CIN3Og SV + H]" = 459.73, Mt =
458.73.

[VO (SBCBZINH),]SO, Complex 4:

VOSO,-5H,0 (0.253 g, 0.01 mmol) dissolved in minimum amount of water and recrystallized Schiff base
(0.518 g, 0.02 mmol) were mixed in 25 mL of methanol. The reaction mixture kept under stirring for 1 h
in an inert atmosphere. The colour of solution changes from yellow to brown. Thereafter, reaction mixture
was refluxed for 5 h. After reduction of volume by slow evaporation a dark green colour solid was
precipitated, which was filtered off, washed with diethyl ether, dried under vacuum and recrystallized
from methanol. Colour = Dark green, Yield: 0.575 g (74%); m. p. 290°C. Found: C, 45.67; H, 2.90; N,
12.20; V, 7.40 C,eHyoNsO,SV (Mt = 682.39). Required: C, 45.76; H, 2.95; N, 12.32; V, 7.47; Selected
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infrared absorption (KBr, cm™): v(N-H), 3085(W); v(CO)conn, 1642(s); V(C=N)eyeic, 1610(S);
V(HC=N)imine, 1552(sh) ); v(M=0), 935(sh). Electronic spectra (Amax in nm (€ in (mol L™* cm™)) in DMF:
370(150), 450(95). perr = 1.65 B.M. Molar conductance A, at 25 °C (Q* cm?mol™): 110 in DMF ESI-
Mass spectra, m/z: [C13H10CIN;O + H'] = 260.06; [CsH40 CI,NgO; SV + H']" = 683.39, Mt = 682.39.
Computational Analysis:

To understand structure of the ligands and complexes, the DFT calculations were performed by Gaussian
09 software using the B3LYP parameter density function, which includes Becke’s gradient exchange
correction with the Lee, Yang, Parr correlation functional (Becke 1993; Lee et al., 1988). Full geometry
optimization of the ligands and its complexes was carried out using density functional theory (DFT)
method of B3LYP with 6-311++G(d,p) and/or 3-21+G* basic set for all nonmetallic atoms and Los
Alamos National Laboratory 2 double zeta (LANL2DZ) basic set for the central metal atoms in gas phase
(Maurya et al. 2014). The optimized structures, HOMO-LUMO and Mulliken charges, are presented and
discussed. The quantum chemical parameters such as separation energies (AE), Mulliken electronegativity
(%), dipole moment, absolute hardness (1), absolute softness (o), chemical potential (Pi), global softness
(S), global electrophilicity (®), additional electronic charge (ANnay), dipole moment (i) and total energy
(ETD-HF/ETDKS) were calculated after geometrical optimization of the structures of all compounds.
Biological Studies

Antidiabetic activity

The effect of a-amylase (EC 3.2.1.1) activity was determined according to the method described in
literature (Silavwe et al., 2015) with some maodification. Preliminary experiments were conducted to
establish optimal assay conditions such as temperature, substrate enzyme and inhibitor concentration. The
antidiabetic activity was investigated through the inhibition of a-amylase, an enzyme active in the
digestion of starch, which thus reduces the absorption of glucose. Briefly 1 mL of each complex
(dissolved in DMSO) was taken in pre-labeled test tubes. A volume of 20 pL of a-amylase was added to
each test tube and incubated for 10 min at 37 °C. After the incubation 2 mL acetate buffer was added to
each test tube, thereafter, 200 pL of 1% starch solution was added to each test tube and the mixture was
reincubated for 1 h at 37 °C. Then 200 pL of 1% iodine solution was added to each test tube. Absorbance
of the mixture was taken at 540 nm. Sample, substrate and o-amylase blank were undertaken under the
same conditions. Percent a-amylase inhibition was determined by the following equation:

o Absorbance of Control — Absorbance of Complex
% o — amylase inhibition = X100
Absorbance of control

Antibacterial study

All ligands and its metal complexes were screened for antibacterial activity against gram negative bacteria
Escherichia coli (ATCC no. 13522) at different concentration. Agar well diffusion method was used for
antibacterial screening (Pelczar et al, 2001; Shukla et al., 2008). The culture media were prepared by
mixing 1 g of agar and 2.8 g of nutrient agar in 100 mL of water in a sterile conical flask and stirred for
15 min to make sure complete suspension. The media was autoclaved at 15 psi pressure at 120°C for 15
min and poured into a sterilized petri plate and allowed to settle. The bacterial culture was inoculated and
spread homogeneously over the media. The inoculants were prepared by 4-5 similar colonies of
Escherichia coli. In the particular inoculants petri plate the 0.05 mL of 5 mM (dissolved in DMSO)
solutions of the compounds were added to each well with the help of micropipette. These plates were
incubated at 37+1 °C for 24 — 48 hours in refrigerated incubator shakers. The results in the form of zone
inhibition were measured in mm. No inhibition zone was observed around the well in the control but
ligands and complexes show inhibition zone formations around the well.

Minimum inhibitory concentration (MIC)

In order to observe the activity and confirm the sensitivity, all ligands and complexes were tested for
minimum inhibitory concentration (MIC). The most popular method for MIC evaluation, successive
dilution method was used (Mazzola et al., 2009). MIC is concentration of the higher dilution tube, in
which bacterial growth was absent.
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RESULTS AND DISCUSSION

Characterization of Ligands

The elemental analysis data for the synthesized ligands, (SBBZINH) and (SBCBZINH) were in full
agreement with the proposed empirical formula.

FT-IR Spectra of Ligands

FTIR of both ligands, (SBBZINH) /L, and (SBCBZINH) / L, exhibit a sharp and strong band due to
V(HC=N) of the azomethine group at 1599 cm™ and 1605cm™ respectively, conforming the formation of
Schiff base (Biradar et al., 1984; Abd-Elzaher 2001). Both ligands exhibit two bands at 3350-3200 cm™
assigned for symmetric and asymmetric v(N-H). Signals at ~ 1685 cm™ and 1615 cm™ were assigned to
v(CO) of CONH moiety and cyclic v(C=N). FT-IR spectra of ligand L, is shown in figure 1.
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Figure 1: FT-IR spectra of SBBZINH

' Figure 2: ESI-MS spectra of SBBZINH

ESI-MS Spectra of Ligands

ESI-Mass spectra of ligands exhibit several peaks depending upon the fragmentation pattern. Isotopic
pattern of molecular ion peak gave clear evidence about molecular mass. An ESI-Mass spectrum of
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SBBZINH, displayed in Fig. 2 shows a strong pseudo molecular ion peaks in ESI-MS at m/z = 226.06,
attributed for [Ci3HioN3;O+ H']", confirming its molecular weight. Similarly, ESI-Mass of ligand
SBCBZINH also shows a pseudo molecular ion peak at m/ z = 260.06, attributed for [C13H;CIN;O +H']"
confirming its molecular weight.

UV-VIS Spectra of Ligands

The electronic spectra (fig. 3) of Schiff base SBBZINH in Free State exhibit three bands at ~240 nm,
~280 nm and 320 nm. The first band was assigned to © — n* transition of C=C transition. However, other
two bands were assigned to n — m* transition associated with transfer of lone pair situated at N and O of
C=N and C=0 groups respectively. Electronic spectra of SBCBZINH exhibit three bands at about
225nm, ~258 nm and 330 nm. First band associated ®# — =n* transition of C=C transition and other two
bands were attributed to n — ©* transitions.
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Figure 3: UV-VIS spectra of SBBZINH

'H-NMR Spectra of Ligands

'H-NMR of ligands shows a signal between & 8.366 - 8.387 ppm assigned for one azomethine (>CH=N)
proton. In SBBZINH two doublets centered at 6 8.748 ppm and 6 8.733 ppm for two protonS were
assigned for pyridyl proton (H;, Hy). Signals for another two pyridyl protons was appeared as double
doublets between & 7.815 -7.847 ppm. A multiplets 6 7.419 - 7.461 ppm for three protons was attributed
for three aromatic protons (H;, Hg and Hg) of benzene ring. Two doublets appeared between 6 7.859-
7.896 ppm for two protons were assigned for two aromatic protons. "H-NMR of SBCBZINH exhibit a
multiplet between & 7.418 - 7.830 ppm for four protons was attributed to four aromatic protons. A
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multiplet between 6 8.741 - 8.753 ppm was attributed for four protons of pyridyl protons. A singlet
observed at ~ 8 12.477 in both ligands was attributed for CONH protons.

Figure 4: 'H spectra of SBBZINH

B3C-NMR Spectra of Ligands

In ®C-NMR, the number of signals represents the number of carbons of the compound which are
chemically non-equivalent. *C-NMR spectra of SBBZINH exhibit a signal at about & 164.74 ppm
assigned for -CH=N carbon. Pyridyl carbon display signals between & 142.60-152.07 ppm. The signals
observed at & 123.31-135.38 ppm were assigned for aromatic carbon. **C-NMR of SBCBZINH exhibit
signals at about § 124.30-134.37ppm were assigned for aromatic carbon. The signals observed between &
141.61-153.08ppm attributed for pyridyl carbon. A signal at about 6 164.65ppm assigned for -CH=N
carbon.
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Figure 5: °C spectra of SBBZINH

Thus on the basis of C, H, N analyses, ESI-MS, FT-IR, *H-NMR and *C-NMR most probable structure
of the ligands were suggested as below in Figure 6 - 7.

Centre for Info Bio Technology (CIBTech)



http://www.cibtech.org/jcs.htm

International Journal of Basic and Applied Chemical Sciences ISSN: 2277-2073 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jcs.htm
2018 Vol. 8(1) January-March, pp.13-30/Shukla et al.

Research Article

N/ \ ;N \\ <:>7 hN—N )
— \\ 7 /

Figure 6: Chemical structure of SBBZINH Figure 7: Chemical structure of SBCBZINH

Characterization of Complexes

The stoichiometries of the complexes were in agreement with elemental analyses. The molar conductance
observed in between 80-110 Q*cm?mol™ in 10° molar DMF solution of these complexes, consistent with
the 1. 1 electrolytic nature of the complexes (Geary 1971). The presence of sulfate ion outside
coordination sphere was checked qualitatively by using saturated solution of barium (1) chloride.

[(VO (SBBZINH),)SO,] [DMF] — [VO (SBBZINH),]*" + SO,*

At room temperature, the observed value of the magnetic moments for the present complexes is in the
range 1.61-1.70 BM, as expected for paramagnetic as S = 1/2 with a dxy based ground state (Sachin and
Narayan 2012). These data suggest that the complexes under this investigation are mononuclear and
paramagnetic (Dutta and Syamal 1993).

FT-IR Spectra of Complexes

In FTIR of complexes the peak observed at ~ 1600 cm™ in ligands for azomethine group, was shifted to
lower frequency (cal. 30 — 40cm™) and appeared at 1554 cm™ indicating coordination of azomethine
nitrogen with VO* metal ion (R Amit YAUL et.al.,2014). The spectra of all oxovanadium (IV)
complexes show a new characteristic band around 940-974 cm™ due to v(V=0) vibrations. A signal
exhibit in complexes 1 and 3 at about 760 and 755 cm™ respectively was attributed for wagging and
rocking mode of coordinated water. The presence of ionic sulfate in complex was confirmed by
appearance of bands in 1130-1057 cm™ and 570-645 cm™. FT-IR spectra of complex 2, is given in figure
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ESI-MS Spectra of Complexes Figure 8: FT-IR spectra complex 2

ESI-Mass spectra of all four complexes exhibit several peaks depending upon the fragmentation pattern.
Isotopic pattern of molecular ion peak gave clear confirmation about molecular mass. The ESI-MS
spectra of complexes exhibits pseudo molecular ion peaks for [L + H']"; [M** + HSO47". ESI-MS of
complex 2 is given in Fig. 9. It shows peaks at about m/z = 226.09 and 614.07 attributed for [C13H;;N;0
+ HT"; and [CuH2NgO,SV?* + H]*. The peak at m/z = 614.07 was pseudo molecular ion peak
suggesting molecular weight of complex.
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Fiaure 9:. ESI-MS of complex 2

The electronic spectra of all the compounds were recorded in 10° molar DMF solution in the range 200—
800 nm. The electronic spectra of ligand exhibit three bands between 240 nm, 280 nm and 320 nm that
is due to n— n*, n— w* and n— w* associated with C=C, C=N and C=0 transitions. In complex 1
appearance of a low energy band in the 360 nm, may be assigned for ligand to metal charge transfer
transition (Balakrishnan and Neelakantan 2017). Complex 1, 2, 3 and complex 4 display a weak broad
band at the range of 430- 460 nm, expected for d-d transition [(dxy—dx, y2);(°B2 —°B1)], suggesting that
five coordinated oxo vanadium (IV) complexes. Electronic spectra of complex 2 is given in figure 10.
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) ) Figure 10: UV-VIS spectra of complex 2
Computational Analysis

Geometrical parameters

In order to investigate the structure of ligand and complexes, time dependent density functional theory
(TD-DFT) calculations were done using Gaussian 09 software. Geometrical parameters such as bond
length, bond angle and dihedral angle of optimized structure are reported in table 1. In ligand SBBZINH
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the calculated bond lengths of C(14)=N(12)azomethine, C(13)=0(25), H(26)-N(11) and C(03)-C(04)pyriayi ring
are 1.293, 1.258, 1.300 and 1.395 respectively. Similarly, computed bond angles in SBBZINH are C(14)-
N(12)-N(11), C(14)-C(28)-C(15), C(13)-O(25)-N(11) and H(07)-C(02)-C(03) are in 119.999°, 129.990°,
120.000° and 25.510° respectively. V(57)=0(58), V(57)-0(17) and V(57)—N(13)sz0metnine IN the present
complex 2 are 1.638, 1.868 and 1.895 A respectively. The significant computed bond angles in the
complex 2 for N(13)-V(57)-0O(17), O(17)-V(57)-0(58), C(11)-N(13)-N(14), N(42)-V(57)-N(13),
N(42)-V(57)-O(17) and O(45)-V(57)-N(13) are 78.822°, 122.734°, 123.169°, 6.906°, 87.527 and
105.328" respectively. Various bond lengths, bond angles and dihedral angles generated from the
optimized structure of the ligand SBBZINH and complex 2 are given in table 1.

Frontier molecular orbitals analysis

The HOMO is the orbital that primarily acts as an electron donor and the LUMO largely acts as the
electron acceptor and the energy gap between HOMO and LUMO set apart the chemical stability of
molecule (Mir et el., 2017). Two important molecular orbitals, highest occupied molecular orbital and
lowest unoccupied molecular orbital have been calculated for ligand SBBZINH and complex 2. The
value of HOMO and LUMO for SBBZINH are -0.25175 a.u. and -0.09030 a.u. respectively, which is
displayed in Fig. 11(a). However for Complex 2 the value of HOMO and LUMO are -0.10600 a.u. and -
0.07331 a.u. respectively as displayed in Fig. 11(b). The energy gaps (AE) between for ligand is 0.16145
a.u. while in complexes, the energy gap is 0.03269 a.u.

J LUMO
) 'rY) LUMO E=-0.07331 a.0.
e ¢ E=-0.09030 a.u.
J‘O ;
J % “
¢ s
(=] I
. )
g g
HOMO
HOMO X E=-0.10600 a.u.

E=-025175a.u.

(b)

Figure.11 (@) HOMO-LUMO structure with energy-level diagram of SBBZINH (b) [VO(SBBZINH),]SO,

The calculated energies of the highest occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) shows that:

1. The energy of the frontier orbitals for molecules in terms of ionization energy (IE) and electron affinity
(1A) of the SBBZINH and its complex.

2. There is a very short gap between HOMO and LUMO in complex as compared with ligand. This result
suggests high reactivity of complex.

3. Complex exhibit high value of the dipole moment, which may favors it dipole-dipole interactions with
high dipole moment species, mainly in biological systems.
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Table 1: Selected geometrical parameters of Ligand 1 and Complex 2

Ligand 1 Complex 2
Bond Connectivity Bond Length (in Bond Connectivity Bond Length (in
Angstrom) Angstrom)
C(14)=N(12)az0methine 1.293 C(11)=N(13)azomethine 1.310
C(13)=0(25) 1.300 C(16)=0(17) 1.271
H(26)-N(11) 1.258 V(57)=0(58)ox0 1.638
C(03)-C(04)pyridyi ring 1.395 V(57)-O(17) amide 1.868
N(20)-C(01) pyridyi ring 1.343 V(57)-N(13)azomethine 1.895
C(16)-C(17)uenzene ring 1.401 V(57)-0(45) 1.868
V(57)-N(42) 1.895
Ligand 1 Complex 2
Bond Connectivity Bond Angle (in | Bond Connectivity Bond Angle (in
degrees) degrees)
C(14)-N(12)-N(11) 119.999 N(13)-V(57)-0O(17) 78.822
C(14)-C(28)-C(15) 129.990 O(17)-V(57)-0O(58) 122.734
C(13)-0(25)-N(11) 120.000 C(11)-N(13)-N(14) 123.169
H(07)-C(02)-C(03) 25.510 N(42)- V(57)-N(13) 6.906
C(01)-N(10)-C(05) pyriayi ring 29.267 N(42)-V(57)-O(17) 87.527
H(24)-C(19)-C(20) 120.000 O(45)-V(57)-N(13) 105.328
Ligand 1 Complex 2
Bond Connectivity Dihedral Angle | Bond Connectivity Dihedral Angle
(in degrees) (in degrees)
H(25)-N(11)-N(12)-C(14) 90.000 C(44)-0(45)-V(57)-0(58) 90.404
0(24)-N(11)-N(12)-C(13) 30.000 O(17)-C(16)-C(19)-C(18) -178.790
H(25)-N(11)-N(12)-C(14) | -180.000 N(43)-N(42)-V(57)-O(58) -104.152
0(24)-N(11)-H(25)-C(13) -150.000 0O(45)-V(57)-0(17)-C(16) -119.107
0(24)-C(13)-N(11)-H(25) -150.000 N(42)-V(57)-N(13)-C(11) -137.440

Quantum chemical parameters

The calculated values of quantum chemical parameters such as Mulliken electronegativity (), dipole
moment, chemical potential (Pi), global hardness (n), global softness (S), global electrophilicity (),
absolute softness (o) and electronic charge (ANmax) Were listed in Table 2.
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Table 2: Quantum chemical parameters of SBBZINH and Complex 2

Compound Total energy (a.u.) Dipole moment x (eV) nev) c (eV) Pi (eV) SVl  o(eV) ANpax
(eV)
E(TD-HF/TD-KYS) (debye)
SBBZINH -741.510 5.567 0.171 0.080 12.387 -0.171 6.193 0.181  2.118
Complex 2 -1628.109 6.11 0.089 0.016 61.180  -0.089 30.590 0.245 5.485
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Figure 12: Mulliken atomic charge plot of SBBZINH
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Figure 13: Mulliken atomic charge plot of Complex 2
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On the basis of above data we can conclude that:

1. SBBZINH coordinates to vanadium (IV) through azomethine nitrogen and oxygen of the
(CONH) group.

2. The increase in the value of global electrophilicity () in complex indicates higher electron
accepting capability.

3. The negative values of chemical potential (Pi) in complex indicate that energy decrease during
complex formation due to accepting electronic charge form SBBZINH.

4. The energy difference between values of absolute softness (¢) in SBBZINH, indicating a good

tendency of chelation with metal ions.

Mulliken atomic charge analysis

The Mulliken population analysis of SBBZINH and Complex 2 were done by using method
B3LYP/6-311++G(d,p) and LANL2DZ basis set in gas phase. The Mulliken charge is directly related to
the vibrational properties of the molecule and indicates how the positive and negative charges present in a
molecule increase or decrease the bond length. The illustration of atomic charges for SBBZINH and its
complex is shown as bar diagram and figure. The result shows that, in SBBZINH more positive charges
on C3 (+0.5456) and C20 (+0.9782) carbon atoms because these atoms are associated to more
electronegative oxygen and nitrogen atom. On the other hand, in case of Complex 2 vanadium ion
possesses higher positive charge of (+0.8386) for that reason, more electronegative two imine nitrogen
atoms of SBBZINH as well as two electronegative oxygen atoms can coordinated with metal center. This
result is consistent with the molecular electrostatic potential (Balachandran and Parimala 2012). The
Mulliken atomic charge of ligand SBBZINH and Complex 2 are shown in Figure 12-13.

Molecular Surface electrostatic potential analysis (MSEP) and contour maps

The molecular surface electrostatic potential (MSEP) surface diagram is used to understand the reactive
behavior of a molecules, negative regions can be regarded as nucleophilic centers, whereas the positive
regions are potential electrophilic sites. The MSEP of SBBZINH and its complex are shown in (Fig. 14).
The negative regions are mainly over the oxygen atoms (deep red/yellow) on -CONH groups and nitrogen
atoms of -CONH and -C=NH- (imine) groups. The hydrogen and carbon atoms bear the maximum region
of positive charge and the most positive regions (blue/green) are observed around the hydrogen atoms of
C—H groups as well as carbon atoms of imine groups. The color codes of this map are in the ranges
between —0.098 a.u. (deep red) to +0.098 a.u. (deep blue) in the SBBZINH. In case of Complex 2 (Fig.
15) map are in the range —0.090 a.u. to +0. 090 a.u. The different values of the electrostatic potential at
the surface are represented by different colors (Raj et al., 2015).
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Figure 14: Molecular Surface Electrostatic Potential (MSEP) of SBBZINH
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Figure 15: Molecular Surface Electrostatic Potential (MSEP) of Complex 2

On the basis of elemental analyses, molar conductance, magnetic susceptibility, ESI-MS, FT-IR,
electronic spectra and DFT calculation most probable structure was proposed for complexes shown in a
(Figure 16-19).
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Figure 17: (a) Chemical structure (b) DFT optimized structure of Complex 2
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Biological applications
In-Vitro antidiabetic activity
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The antidiabetic activity was examined by the standard amylase inhibition assay. Inhibitory activity of
synthesized compounds against alpha amylase is shown in Fig. 20. All Complexes exhibit more inhibition
effectiveness than Schiff base ligands. Complex 1 and 2 show excellent amylase inhibition activity of
66.57 % and 72.34 % respectively. However, complex 3 and 4 were show fine activity as compare to

ligand.
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Figure 20: In-Vitro antidiabetic study of Ligands and Complexes
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Antibacterial Activity

The results of in vitro antibacterial activity of all compounds are presented in Table. 3. Amoxicillin was
used as positive standards and DMSO was used as negative control for this antibacterial activity.
Complex 2 displayed highest bactericidal activity against E. coli. The other complexes show less activity
than complex 2 but greater antibacterial activity than ligand, this may be due to enhanced lipophilicity of
the complexes, this leads to the breakdown of permeability barrier of the cell and thus retards the normal
cell process in bacteria. The activity order of the synthesized compounds was as follows: 2> 4> 3> 1>
L,>L,. The increased activity of metal complexes can also be explained on the basis of chelation theory.
MIC is the concentration of the highest dilution tube, in which bacterial growth was absent. It was
observed that complex 1-4 has exhibited MIC in between 30-35 pug/mL. The MIC of the complexes also
displayed in the table 3.

Table 3: Antibacterial activity of the Ligands and complexes against E. coli.

S. No. Compounds “Sensitivity “Diameter of inhibition
MIC

zone (in mm)
concentration, pg/mL

1. Standard drug Amoxicillin + 48+0.04 -
2. L, + 27+0.5 -
3. L, + 22+0.3 -
4, Complex 1 + 34+0.5 30
5. Complex 2 + 39+0.6 35
6. Complex 3 + 35+0.8 31
7. Complex 4 + 37+£0.5 32
8. DMSO - 05+0.7 -

“Inhibition zone of more than 8mm was taken as positive (+). “Values as mean +Standard Error Mean.

Conclusion

Two Schiff bases and their four complexes were synthesized and characterized by spectroscopic
techniques. To attain better approach in to molecular structure of compounds some quantum chemical
calculations have been performed, i.e., Mulliken charge study, Molecular surface electrostatic potential
(MSEP), bond parameters and geometry of complexes was optimized. Synthesized compounds studied
for their in vitro antidiabetic as well as antibacterial activity. Complex 1 and 2 have exhibited a very
promising antidiabetic activity. In view of such promising results, this therapeutic approach may reduces
the post prandial glucose level in blood by the inhibition of alpha-amylase enzymes, which can be used as
an important strategy in management of blood glucose level. Similarly, all the complexes have displayed
good antibacterial activity. Therefore, study of these compounds is quite interesting not only in term of
their reactivity but also due to their varied range of activity.
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