Original Article

Synthesis and Evaluation of Insecticidal Activity of
Bis-Semicarbazones and Bis-(5-Aryl Substituted-1, 3,
4-0xadiazole)

Veerabhadraswamy Maruthyunjaya'*, Bhimashankar B Molkere', Prashantha Karunakar?

"Department of Science and Humanities, PES University, Bengaluru, Karnataka, INDIA.
2Department of Biotechnology, PES University, Bengaluru, Karnataka, INDIA.

ABSTRACT

Background: Various substituted semicarbazones and oxadiazols have been widely
investigated for their insecticidal and pharmacological activities. Heterocyclic analogs of
these types were extensively studied for their biological activities. In this study insecticidal
activity of semicarbazones and oxadiaziole created our interest to prepare and screen the
activity. Objectives: To prepare a series of substituted semicarbazones and oxadiazoles,
with an observation to subjecting them for insecticidal and pharmacological screening.
Methodology: An oxalic acid dicarbohydrazide compound was prepared by a mixture of
diethyl oxalate (0.1 mole), hydrazine hydrate (99%) (0.2 mole) and 2-3 drops of Conc.
HCI in absolute ethanol. Resulted compound was reflexed with different substituted
aldehyde (0.05 moles) with addition of 1-2 drops of Conc. HCI in an absolute ethanol to
acquired bis-semicarbazones. Derived bis-semicarbazones were subjected for oxidation
using ferrichloride (20mg) and acetic acid (8mL) to obtain oxadiazole derivatives. Results:
The compounds 2c-d and 3a showed high percentage of mortality in an insecticidal
activity. Compounds 3a and 3b exhibited high anti-bacterial activity against Kallipsi
calla, in case of Escherichia coli the compound 2d, 3a, 3c and 3d shows maximum
activity. Compounds 3a and 3d showed high anti-fungal activity against A. nigar and
3c against A. flavous. The compounds 2a, 2b, 3¢ have shown good anti-inflammatory
activity. Compound 3d showed a competitive inhibitory activity and act as lead molecule
towards the drug designing. Conclusion: The present study exposed that the synthesized
compounds exhibit significant insecticidal, anti-bacterial, anti-fungal, anti-inflammatory
activity and act as lead molecule towards the drug designing.
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the important parameters for anti-convulsant

derivatives have acknowledged significant
attention from pharmaceutical industry
due to their wide spectrum of their poten-
tial activities such as biological activities,
anticonvulsant, anti-oxidant, anti-microbial
activities, anti-viral, anti-HIV, anti-bacterial
activities and anticancer.!” In the recent
years, some workers reviewed the bioactivity
of semicarbazones exhibited anticonvulsant,
anti-tubercular and aryl semicarbazones has
been recognized as structurally novel class
of compounds with remarkable anti-epileptic
activity, anti-convulsant activity, with one of

activity.’ The Present technology motivate
and its derivatives embrace a vital session
of biologically and pharmacologically active
heterocyclic compounds such as anti-bacte-
rial,* anti-fungal, > anti-inflammatory’ and
anti-convulsant activities.

The oxadiazole derivatives have its place
in an important group of heterocyclic
compounds for developing pharmaceu-
tically significant molecules 1, 3, 4-oxa-
diazole derivatives have played a vital
role in the medicinal chemistry. Abun-
dant compounds with oxadiazole nucleus
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used for anti-bacterial, anti-HIV, anti-fungal, anti-
tubercular, veridical, anti-malarial, insecticidal, her-
bicidal, ant-imicrobial, anti-viral, anti-parkinsonian,
anti-TB, anti-proliferative, anti-inflammatory and analgesic,
muscle relaxant, anti-convulsant, sedative, hypnotic,
anti-cancerand inhibition of lipid per-oxidation, hyper-
tensive activities. Collected works on synthesis of oxa
diazoles contain bromine oxidation of a semicarbazide
derivative and the cyclo-desulfurization of acylthios-
emicarbazide derivatives in solution using I,/ NaOH or
1, 3- dicyclohexylcarbodimide (DCC) as well as mercury
(IT) acetate (Hg (OAc),) or yellow mercury (II) oxide
HgO.*'? All these methods atre usually cartied out in
different synthetic steps that require very dangerous
reagents and produce undesirable mercury byproduct,
at this time the insects and pests are getting more
unaffected owed to use of insecticides.

Inview of these observations, an attempt has been made
to develop more dominant compounds with smaller
amount of side effect and bio-products, we hereby
report the synthesis, characterization and screened for
biological activities of new substituted derivatives of a
novel series of bis-semicarbazones and bis-(5-aryl sub-
stituted- 1, 3, 4-Oxadiazole) derivatives, as improved
and potent insecticidal, anti-bacterial, anti-inflamma-
tory, anti-fungal, Molecular docking studies.

MATERIALS AND METHODS

The homogeneity of all the newly synthesized
compounds was routinely checked by thin layer chroma-
tography (TLC) on silica gel G plates (silica gel 60F254)
and spots were located by using iodine chamber. The IR
spectra (in KBr disks) were recorded on Perkin Elmer
and the characteristic bands obtained at the wave numbers
are specific to the functional group of the molecular
structure. "H-NMR spectra were recorded by an instru-
ment using DMSO-d, as solvent and tetramethylsilane
(TMS) as internal reference standard. All chemical shift
values were recorded at 3 (ppm). Commercial grade
solvents and reagents were used without further
purification. The chemicals used in the synthesis of new
compounds are diethyl oxalate, hydrazine hydrate,
Ethanol, AR grade, Hydrochloric acid and so on.

The reaction scheme employed for the synthesis of com-
pounds N”', N**-bis[phenylmethylidene]ethanedihydra-
zide (2a), N’'N’*-bis[(2-hydroxyphenyl)methylidene]
ethanedihydrazide (2b), N, N>- bis [(4-methoxyphenyl)
methylidene] ethanedihydrazide (2¢), N, N bis
[(4-hydroxy-3-methoxyphenyl) methylidene| ethanedi-
hydrazide (2d), 5,5’-diphenyl-2, 2’-bi-1,3,4-oxadiazole
(32),2,2-(2, 2-bi-1,3,4-oxadiazole-5, 5’-diyl) diphenol
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(3b), 5,5-bis(4-methoxyphenyl)-2,2’-bi-1,3,4-oxadiazole
(30), 4,4-2,2-bi-1,3,4-oxadiazole-5,5-diyl) bis(2-methoxy-
phenol) (3d) are given in Figure 1-3 and the substituents
and molecular formula of semicarbazones and oxadiazoles
are summarized in Table 1. An intermediate compound
oxalic acid dicarbohydrazidesis refluxed with substituted
aldehyde with the addition of 1-2 drops of HCI in
absolute ethanol media yielded bis-semicarbazones (2a-d)
and the process of an oxidation of semicarbazones with
ferrichloride gives bis-(5-aryl substituted - 1, 3, 4-Oxa-
diazole) (3a-d). The structures of the newly synthesized
compounds are established by FT-IR and NMR spectra
respectively.

Experimental Section

General procedure for the synthesis of oxalic acid
dicarbohydrazide, bis-semicarbazonesandbis-(5-
aryl substituted -1, 3, 4-Oxadiazole) alkanes

Oxalic acid dicarbohydrazide

An intermediate oxalic acid dicarbohydrazide compound
(1) was prepared by refluxing the mixture of the diethyl
oxalate (0.1 moles), hydrazine hydrate (99%) (0.2 mole)
with 2-3 drop of concentrated hydrochloric acid (HCI)
in a round bottom flask containing absolute ethanol
(50 mL) for a period of 8-9 hr and cooled to room
temperature. The resulted compound was filtered, dried
and crystallized from Dimethylformamide DMFE.

Bis-semicarbazones

The mixture of intermediate oxalic acid dicarbohydrazides
(0.025 mole)(1), substituted aldehyde (0.05 mile) and 1-2
drops of conc. HCl in absolute ethanol (20-30mL) were
refluxed for 7-8 hr, cooled to room temperature. Thus
gained product was filtered, washed, dried and
crystallized from D.M.F to yield bissemicarbazones
compounds (2a-d).

Table 1: Substituent and Molecular formula of semi-

carbazones and Oxadiazoles.

SI.No. | Compounds Substituent IV'I:?)Iremc:::r
L 2a -CH, C,H, N,0,
2 2b -2-OH-CH, C,H.. N,O,
3 2c -4-OCH,-CH, C,:H,s N,O,
4 2d -3-OCH,-4-OH-C,H, | C,H,, N,0,
2 3a -CiH, CH,N,O,
6 3b -2-OH-CH, C,.H, N,O,
7 3¢ -4-OCH,-CH, C,H.s N,O,
8 3d -3-OCH,-4-OH-CH, | C,H, N,O,
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EtOH
H,C,00C - COOC,H, + NE;NH, ———  H,;NHNOC - CONHNH,
)
CH Where;
! Ris
a=-CeHs
RCHO b=-2-O0H-CH,
o=-4-0CH, - CJH,

d=-3-0CH 4- OH- CH,

< OAON - NHOC - CONHN=CHR

A)—U\

Ga-a) (a-d)

Figure 1: Synthetic route for the compounds 2a-d and 3a-d.
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Figure 2: Synthetic route for the compounds 2a-d.
Semicarbazones.
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Figure 3: Synthetic route for the compounds
3a-d.Oxadiazoles.

Bis-(5-aryl substituted -1, 3, 4-Oxadiazole) alkanes

Amixture of bis-semicarbazones (2a-d)(0.002 mole), Fer-
richloride (20 mg) and acetic acid (8 mL) were stirred for
one hour, solution was poured over the water (15-20 mL)
and left undisturbed for a period of 72 hr, the resulted
solid product was filtered, washed with water, dried
and crystallized from Dimethylforamide (D.M.F) to get
compounds (3a-d).
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Compound 2a

N, N*2-bis [phenylmethylidene]ethanedihydrazide].

IR (v em™, KBr): 3247.9 (NH, m, stretch), 3055.0 (CH, s,
stretch), 1959.5, 1658.7(C=0;s, stretch), 1234.4 (CO, s,
stretch), 964.3, 879.5, 817.8, 756.0, 686.6 and 540.0(C-
H,s, aromatics), 'H-NMR (DMSO-d,) 8 (ppm): 7.3 - 7.6
(m, 10H, ArH), 8.0 (bs,2H,NH,), 8.1(s, 2H, CH), Molec-
ular Formula; C, H N O, Formula Weight; 294.30796,

1477472

Anal. Cald for C, H N,O.: C, 65.30; H, 4.79; N, 19.04;

0O, 10.87. Dens1ty (g/cm’); 1.19 £ 0.1 and Polatizability
(cm’); 33.73 + 0.5 10*. Nominal Mass (Da); 294.

Compound 2b

N’',N"*-bis [(2-hydroxyphenyl) methylidene] ethanedi-
hydrazide.

IR (v cm?, KBr): 3155.3 (OH, m, stretch), 3062.7
(CH, s, stretch), 2368.4 (H-C=0O, m, stretch), 1967.3,
1666.4 (C=0, s, stretch), 1257.5 (CO, s, stretch), 964.3,
871.8, 825.5, 756.0, 632.6 and 532.3 (C-H,s, aromatics),
'H-NMR (DMSO-d ) 8 (ppm): 5.0 (s, 2H, OH), 6.8 —7.4
(m, 8H, ArH), 8.0 (bs,2H,NH,), 8.1 (s,2H, CH), Molecular
Formula; C, H N,O, Formula Weight; 326.30676,
Anal. Cald forC H N,O,: C, 58.89; H, 432, N, 17.17;

O, 19.61. DenSJty (g/cm’); 1.35 + 0.1, Polarizability
(cm?); 34.41 + 0.5 10* and Nominal Mass (Da); 326.

Compound 2¢

N, N bis [(4-methoxyphenyl) methylidene] ethane-
dihydrazide.

IR (v em’, KBr): 3247.9 (NH, m, stretch), 2908.5
(CH, s, stretch), 2839.0 (H-C=0O, m, stretch), 1897.8,
1666.4 (C=0, s, stretch), 1303.8 (CO, s, stretch), 964.3,
817.8, 717.5, 586.3, 547.7 and 455.2 (C-H,s, aromatics),
'H-NMR (DMSO-d) & (ppm): 3.73 (s, 6H, CH,),
6.8 7.5 (m, 8H, ArH), 8.0 (bs, 2H, NH,), 8.1 (s, 2H, CH),
Molecular Formula; C H N,O,, Formula Weight;
354.35992, Anal. Cald for C,HN,O,: C 061.01; H,
5.12; N, 15.81; O, 18.06. Density (g/cm3); 1.22 £ 0.1,
Polarizability (cm’); 38.34 + 0.5 10** and Nominal Mass
(Da); 354.

Compound 2d

N, N2 bis [(4-hydroxy-3-methoxyphenyl) methylidene]
ethanedihydrazide.

IR (v em’, KBr): 3502.5 (OH, m, stretch), 3232.5
(NH, m, stretch), 2931.6 (CH, s, stretch), 2800.4,
2368.4 (H-C=0, m, stretch), 2044.4, 1658.7 (C=0, s,
stretch), 1427.2, 1380.9, 1272.9 (CO, s, stretch), 964.3,
833.2, 740.6, 663.5, 624.9 and 532.3 (C-H,s, aromatics),
"H-NMR (DMSO-d)) 8 (ppm): 3.73 (s, 6H, CH3), 5.0
(s, 2H, OH), 6.7 = 7.0 (m, 6H, ArH), 8.0 (bs, 2H, NH,),
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8.1 (s, 2H, CH), Molecular Formula; C H N,O,

Formula Weight; 386.35872, Anal. Cald for C s N,O
C, 55.96; H, 4.70; N, 14.50; O, 24.85. Denslty (g/cm’);
1.35 + 0.1, Polarizability (cm?); 39.02 + 0.5 10* and

Nominal Mass (Da); 386.

Compound 3a

5, 5’-diphenyl-2, 2’-bi-1, 3, 4-oxadiazole.

IR (v em, KBr): 3247.9 (NH, m, stretch), 2360.7 (C-H,
s, aromatics), 1658.7 (C=N), 1527.5 (C=C, aromatic),
1450.4, 1357.8 (C-N), 1234.4, 1195.8 (C-O-C), 1049.2,
964.3, 879.5, 817.8, 686.6 and 540.0 (C-H,s, aromatics),
'H-NMR (DMSO-d ) 8 (ppm): 7.22 — 7.48 (m, 10H,
ArH), Molecular Formula; C H N,O,, Formula
Weight; 290.2762, Anal. Cald for C JH, NLO,: C, 66.20;
H, 3.47; N, 19.30; O, 11.02. Den51ty (g/cm’); 1.297 £
0.06, Polarizability (cm’); 30.52 = 0.5 10** and Nominal

Mass (Da); 290.

Compound 3b

2, 2’- (2, 2-bi-1,3,4-oxadiazole-5, 5’-diyl) diphenol.

IR (v em™, KBr): 3201.6(NH, m, stretch), 3062.7, 2368.4
(C-H, s, aromatics), 1666.4 (C=N), 1535.2 (C=C,
aromatic), 1458.1, 1357.8 (C-N), 1257.5, 1218.9 (C-O-C),
1056.9, 964.3, 871.8, 825.5, 756.0, 632.6 and 532.3(C-H,s,
aromatics), 'H-NMR (DMSO-d ) & (ppm): 5.0 (s, 2H,
OH), 6.88 — 7.31 (m, 8H, ArH), Molecular Formula;
C,H, N,O,, Formula Weight; 322.275, Anal. Cald for

107479

CmHmN 0,: C,66.20; H, 3.47; N, 19.30; O, 11.02. Density

(g/cm’); 1 297 + 0.06, Polarizability (cm’); 30.52 + 0.5
10 and Nominal Mass (Da); 290.

Compound 3¢

5, 5’-bis (4-methoxyphenyl)-2, 2’-bi-1, 3, 4-oxadiazole.
IR (v cm’, KBr): 3247.9 (NH, m, stretch), 2839.0(C-
H,s, aromatics), 1897.8, 1658.7 (C=N), 1604.7, 1504.4
(C=C, aromatic), 1365.5 (C-N), 1303.8, 1249.8 (C-O-C),
1026.1, 964.3, 817.8, 717.5, 586.3 and 547.7 (C-H,s,
aromatics), 'H-NMR (DMSO-d,) 8 (ppm): 3.73 (s, 6H,
CH,), 6.83 — 7.31 (m, 8H, ArH), Molecular Formula;
C,H N,O,, Formula Weight; 350.32816, Anal. Cald for
C N0, € 61715 H, 4.03; N, 15.99; O, 18.27.
Dcnslty (g/cm’); 1.289 £ 0.06, Polarizability (cm’);
35.81 £ 0.5 10* and Nominal Mass (Da); 350.

Compound 3d

4,4-2,2’-bi-1, 3, 4-oxadiazole-5, 5’-diyl) bis (2-methoxy-
phenol).

IR (v cm™, KBr): 3502.5 (OH, m, stretch), 3232.5 (NH,
m, stretch), 2931.6, 2800.4, 2368.4 (C-H, s, aromatics),
2044.4, 1658.7 (C=N), 1596.9, 1512.1 (C=C, aromatic),
1427.2, 1380.9 (C-N), 1272.9 (C-O-C), 1211.2, 1103.2,
1026.1, 964.3, 833.2, 740.6, 663.5, 624.9 and 532.3
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(C-H,s, aromatics), 'H-NMR (DMSO-d) & (ppm):
373 (s, 6H, CH)), 5.0 (s, 2H, ArOH), 6.68-6.87
(m, 6H, ArH), Molecular Formula; C, _H, N,O,, Formula

144
Weight; 382.32696, Anal. Cald for C,;H, N.O,: C, 56.55;
H, 3.69; N, 14.65; O, 25.11. Densr[y (g/cm’); 1.423 £
0.06, Polarizability (cm?); 37.30 £ 0.5 10** and Nominal

Mass (Da); 382.

Insecticidal activity

The activity was studied into three general classes as a
stomach poison, contact poison and untreated check."
About 25 mg of synthesized compounds were dis-
solved in a minimum amount of acetone and 4-5
drops of Tween-80 were added as an emulsifying agent
and diluted to 50 mL into a volumetric flask separately.
For stomach poison, the prepared solutions were
sprayed on the red gram by using a micro sprayer (i.e.
atomizer). On the other hand the larvae of Heliothis
armigera were taken. These (24 in number) were placed
one in each compartment of the tray. The sprayed pods
were then fed and observation of the percentage of
mortality recorded in 24, 48 and 72 hr. For contact poison,
the larvae of Heliothis armigera were placed one in each
compartment of the tray which was half filled with diet.
The solutions above prepared were sprayed directly on
the larval body by using atomizer and the percentage of
mortality was recorded after 24, 48 and 72 hr as shown
in Table 2. These stomach and contact poisons are
observed and verified against untreated check by placing
the larvae in each compartment of the tray. The red
gram pods are fed without any treatment and were kept
for observation. The mortality was observed after 24, 48
and 72 hr were as same as the test compound observed.
Bio-efficacy testing of semicarbazones (2a-d) and ox
adiazoles (3a-d).

Anti-bacterial activity

The Cup-Plate Method given by Cruickshank ez a/"
Nutrient agar was poured onto the sterilized petri dishes
(20-25 mL each petri dish). The poured material was
allowed to set for 2h and thereafter the “CUPS” (6 mm
diameter) were made by punching into the agar surface
with a sterile corn borer and scooping out the punched
part of the agar. To these cups the test compound
solution was added with the help of sterile syringe.
The plates were incubated at 37°C for overnight and
the results pertaining to zone of inhibition developed
were noted. The zone of inhibition developed. A (1%
v/v) solution of Gentamycin was used as standard and
solvent control (DMSO) was also used to know the
activity of the solvent. The above said standard drugs
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were also screened under similar conditions for

comparison.

Anti-fungal activity

The spore suspension of each test organism was added
to sterilize the sabouraud dextrose agar medium at
40-50°C by thorough shaking. The petri dishes were
seeded with the mixture and the paper discs of the
methanol solution of compounds and the reference
antibiotic as the control was placed in the same manner as
in anti-bacterial activity determination."*® These petti
dishes were incubated for 24 hr at room temperature. The
zone of inhibition developed of any, was then accurately
measured and recorded.

Anti-inflammatory activity

Albino rats of either sex weighing between 120-150g
were selected; the animals were fasted for 24 hr with
watet ad /ibitum. Animals were marked on their hind
paws (right and left) just beyond the tibio-tarsal to
ensure constant dipping in the mercury column up to
the fixed mark. The test doses (25 mg/kg) were prepared
in Tween-80 and suspended in water. After 30 min,
(0.1 mL of 1% v/v) formalin solution was injected into
the plantar region of the left paw of all experimental
animals. The right non-inflamed paw served as reference
for comparison. At the end of 5 hr, after formalin injec-
tion the paw volume of both legs of all the experimental
animals was measured with the help of the plethys-
mograph. In the same way test group were used for
evaluating the anti-inflammatory activity of the respective
test compounds. The percentage inhibitions of the
inflammation by the drug treated animals were recorded
using the formula. Percentage inhibition= 100 (1-T/C),
Where T and C are volumes of edema of drugs treated
and control group respectively.

The synthesis compounds were tested for anti-inflam-
matory activity zz-vitro against albino rats and compared
with that of standard drug Dichlophenac sodium.

Protein and ligand structure preparation

The X-Ray Crystallographic structures of the 1.6 A
models of crystal structure of the complex formed
between Russell’s Viper Phospholipase A2 and an Anti-
inflammatory agent Diclofenac (PDB: 2B17) were
obtained from the protein databank (www.pdb.org).
Topology file and other force field parameters were
generated for all Semicarbazones andoxadiazolederiva-
tives using the PRODRG program. Flexible torsions
were defined using AUTOTORS. The docking site for
semicarbazones and oxadiazolederivatives on 2B17 was
defined at the position of the co-crystallized ligand by
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using PyRX 0.8 interface with grid box size of 52 x 49
x 58 spacing of 0.375, grid center 48.098, 32.710, 6.880
and assigned 3 Degrees of Freedom. The Lamarckian
Genetic Algorithm (LGA)'® was employed with the
population size of 150 individuals, maximum number
of generations and energy evaluations of 27,000 and
2.5 million respectively. From the estimated free energy
of ligand binding (AG), the inhibition constant (K) for
each ligand was calculated. Only the best pose (the one
with the lowest binding energy) was considered for the
ligand. The best conformation was analyzed for protein,
semicarbazones and oxadiazole derivatives interaction
using Ligplot+. PyMOL"" was used for docking
conformation representation.

RESULTS AND DISCUSSION

The compounds N\, N**-bis [phenylmethylidene]eth-
anedihydrazide  (2a), N’ ,N-bis[(2-hydroxyphenyl)
methylidene] ethanedihydrazide (2b), N”', N’*- bis
[(4-methoxyphenyl) methylidene] ethanedihydrazide
(2¢), N’ N"*- bis [(4-hydroxy-3-methoxyphenyl) methyli-
dene| ethanedihydrazide (2d),5,5-diphenyl-2,2’-bi-1,3,4-
oxadiazole (3a),2,2’-(2, 2’-bi-1,3,4-oxadiazole-5, 5’-diyl)
diphenol (3b), 5,5-bis(4-methoxyphenyl)-2,2’-bi-1,3,4-
oxadiazole (3c), 4,4’-(2,2’-bi-1,3,4-oxadiazole-5,5-diyl)
bis (2-methoxyphenol) (3d) were synthesized by using
reflux method. The synthetic routes of these compounds
are illustrated in the Figures. The chemical structures of
these were found to be in accordance with their IR and
"H-NMR Spectra; detail spectral data are summarized
in the material and methods section. The IR Spectrum
of 2a-d and 3a-d were measured by using the powdered
potassium bromide as background correction. The
IR Spectrum of compound 2a showed wave numbers
3247.9cm™ corresponding to the NH medium stretch,
3055.0cm™ corresponding to CH strong stretch, 1959.5
and 1658.7cm™” corresponding to C=0O strong stretch,
1234.4 cm™ corresponding to CO strong stretch and for
compound 3a wave numbers 3247.9cm’ correspond-
ing to NH medium stretch, 2360.7cm™ corresponding
to C-H strong aromatics, 1658.7cm™ corresponding
to C=N, 1527.5cm™ corresponding to C=C aromatic,
1450.4cm™, 1357.8cm™ cotresponding to the C-N,
1234.4, 1195.8 corresponding to C-O-C. The '"H-NMR
Spectra were measured in dimethylsulfoxide-d, for com-
pounds 2a and 3a. 'H-NMR Spectrum of compound 2a
showed a characteristic signal at § 7.3-7.6 (m, 10H, Rah),
8.0 (bus, 2H, NH,), 8.1(s, 2H, CH) and the compound
3a showed a characteristic signal at 8 7.22-7.48 (m, 10H,
Rah).
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Screening of insecticidal activity o
Insecticides are those substances which kill insects by = % g § § § E g g g % §
their chemical reaction, the effect of insecticidal activity é N D b N A A AN A
on plant, animals or products in the open area to be Sl
treated by sprays or dusts. The larvae of Helothis armigera g 3 228858585 |
were used to study the effect of toxicity by stomach S I S22l lelglelgle |o
poison and contact poisons. On screening of stomach =l
poison of N’', N> bis [(4-hydroxy-3-methoxyphenyl) _ E a
methylidene] ethanedihydrazide (2d)and 5,5-diphenyl-2,  lll < |3 g § § E § e % E % S
2’-bi-1,3,4-oxadiazole (3a) showed 33.33 and 29.17% .g 2 E i el el e === =
of mortality while other compounds N N*bis[(2- el &
hydroxyphenyl) methylidene| ethanedihydrazide (2b), § é &
N, N”- bis [(4-methoxyphenyl) methylidene] ethanedi- § 8 ° % Nja|t¥|o|m|o|-Nfo o
hydrazide (2¢), 2,2-(2, 2’-bi-1,3,4-oxadiazole-5, 5’-diyl) i g N
diphenol (3b), 4,4-(2,2-bi-1,3,4-oxadiazole-5,5-diyl) g i o
bis (2-methoxyphenol) (3d) showed moderate mortality 2 s 3
rate of 16.67, 16.67,20.83 and 16.67%. The compounds @ | ST [T 7(° |°
N’', N*2-bis [phenylmethylidenc] ethanedihydrazide (22) K23 2 3
and 5, 5-bis (4-methoxyphenyl)-2, 2’-bi-1, 3, 4-oxadiazole ) g e
(3¢) exhibits low mortality of 12.50% each. In case of St‘:"; = E @l <le|alals << S
contact poison toxicity of 2b, 2¢ and 2d compounds |4 ;
showed high percentage of mortality i.e., 41.67, 62.50 § "
and 70.83% while other compounds 2a, 3a, 3b, 3c and 3d ﬁ 3 slslslgl~lglalsls |o
showed moderated percentage of mortality i.e., 29.19, [ 5% |d|ele|g|g|s|d|e|e |3
24.17,20.83, 20.83 and 29.17%, respectively when com- 2 g N
pare with standard and untreated control. The results ,_:; 7 o
are summarized in Table 2. c{‘i g E 35|65 (55 |g|6|5 |3

- ST S22 B|C|2[2 |°
Anti-bacterial activity § 22
The results of anti-bacterial activity study indicated that § § o
among the tested compounds 3(a) and 3(b) showed high -g 5 § I =338 a(=|3|8 |8
activity against Kalipsi calla, whereas in case of Fscherichia [l 3 (Y= ¥(°|" ¥ 2 |
coli 2(d), 3(a), 3(c), 3(d) showed maximum activity, while § _g i
other compounds 2(a), 2(b) and 2(c), showed moderate &l & &
activit. The compounds were ineffective against 2 2 ® % o|lo|o|t|o||~|o|o |o
Portious vulgaris as compared with the standard drug. @ g N
Antifungal activity g N
Among the synthesized compounds the anti-fungal E § % N|§|e| | v =||N|je® | e
activity of the compound 3(a) and 3(d) showed high _g _2. g
activity against A. nigar 2(a), 2(c), 3(b) and 3(c) showed 3 £l
moderate results whereas 2(b) and 2(d) are inactive. E 2 E dalalalolalalals 1o
In case of A. flavous 3(c) and 3(a) compounds showed &= z
maximum and average inhibition, the remaining L N
compounds are inactive. All the compounds were g E
moderately active against C. albicans while 2(c), 3(a) and § § L% § § § § L% § § - '
3(d) not shown any activity. The antibacterial and anti- o=
fungal activity results are summarized in Table 3. P _

e

Anti-inflammatory activity g_ slalslzlaelalgls §§ 2
Among all the compounds the 2(a), 2(b) and 3(c) have g < :r%i >
shown good anti-inflammatory activity whereas 2(d) b
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and 3(d) have shown moderate activity while 2(c), 3(a)
and 3(b) compounds did not possess any activity. The
results of anti-inflammatory activity of standard and
samples are tabulated in Table 4

Molecular Docking Studies

Molecular docking simulation of 2a-d and 3a-d with Crystal
Structure of Russell’s viper Phospholipase A2 was

performed to gain functional and structural insight into
the mechanism of inhibition. AutoDock 4.2 suites were
used as molecular-docking tool. For the 7 silico docking
studies, semicarbazones and oxadiazole derivatives were
docked against Phospholipase A2, using the co-crystallized
ligand structure of Diclofenac as reference. Diclofenac
was relocked to its active site to calculate the binding
energy, inhibition constant using Auto Dock. The active

Table 3: Anti-bacterial and anti-fungal activity of compounds (2a-d) and (3a-d).

Compounds Anti-bacterial Antifungal Activity
Kallipsi calla ‘k’ | Escherichia coli | Portious vulgaris | A. niger ‘AN’ A. flavas ‘AF’ C. albicans ‘CA’
(in mm) ‘EC’ ‘PV’ (in mm) (in mm) (in mm) (in mm)
(in mm)
2a 10 09 08 09 - 09
2b 10 08 09 - - 08
2c 10 10 09 07 - -
2d 10 12 08 - - 08
3a 14 15 09 10 08 -
3b 15 10 07 08 - 06
3c 12 15 10 09 12 07
3d 13 12 08 12 - -
Standard 29 28 22 - - -
Control (DMSO) 06 06 06 - - -

Table 4: Anti-inflammatory activity of compounds (2a-d) and (3a-d).

Group Dose Mean value of hind paw odema at different time of intervals in hours
(mg/kg) (mean 24 * SE)
At 0 After 1/2 After 1 After 3 After 5
Control 1% 0.575 0.6 0.775 0.65 0.55
(£0.0478) (£0.0408 ) (+ 0.0478) (£ 0.0645) (£ 0.0288)
Standard 25 0.55 0.625 0.725 0.675 0.625
(£ 0.0281) (£0.075) (£ 0.047) (£ 0.025) (£ 0.025)
Compounds Control Tween-80: Standard Diclophenac sodium
2a 25 1.025 0.095 0.095 0.25 0.275
(£0.047) (+ 0.0285) (+ 0.0285) (£0.2041) (£ 0.0408)
2b 25 0.925 0.975 0.625 0.5 0.5
(£ 0.047) (£ 0.075) (£ 0.0853) (£ 0.0408) (£ 0.0912)
2c 25 1.075 1.275 1.35 1.05 0.85
(£ 0.025) (£ 0.2462) (£ 0.1190) (£ 0.0645) (£ 0.028)
2d 25 1.025 0.975 0.9 0.9 0.875
(£0.047) (£ 0.025) (+ 0.0408) (£ 0.0408) (£0.0478)
3a 25 1.625 1.325 1.275 1.3 1.225
(£ 0.047) (£0.047) (£ 0.042) (£ 0.04082) (£ 0.0144)
3b 25 0.75 1.05 1.05 1.15 0.45
(£ 0.0645) (£ 0.064) (£ 0.028) (£ 0.064) (£ 0.028)
3c 25 1.125 0.95 1.05 0.95 0.95
(£ 0.047) (£ 0.064) (£ 0.028) (£ 0.0643) (£ 0.0645)
3d 25 1.375 1.225 1.225 1.075 0.925
(£ 0.078) (£ 0.062) (£ 0.0625) (£ 0.0408) (£ 0.0408)
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Table 5: Molecular Docking Studies between 2a-d and 3a-d with 2B17.

Protein name Ligand structure Binding energy Amino acids involved in Predicted IC,; (micro
(kcal/mol) Hydrogen Bonding molar) from AutoDock
Phospholipase A2 2a -7.11 Asp49 6.14
2b -7.69 Tyr28 2.33
Gly30
Trp31
Asp49
2c -7.03 Leu2 7.04
Gly30
2d -6.01 Leu2 39.2
Gly30
Asp49
3a =717 Gly30 5.59
Asp49
3b -7.54 GLY30 2.95
ASP49
LYS69
3c -6.2 - 28.36
3d -7.78 Tyr22 2.00
His48
Asp22
Phospholipase A2 Diclofenac(DIF) -7.04 His 48(A) 6.9
Asp 99(A)

Figure 4: Molecular interaction of DIF and 3d with
Phospholipase A2 from Ligplot+.
(A) Molecular interaction of DIF with Phospholipase A2 as represented in PDBsum
(PDB: 2B17)
(B) Molecular docking interaction of 3d with Phospholipase A2.

site comprises of Leu2, Phe5, Ile19, Cys29, Gly30,
Cys45, His48, Lys69 and Asp99. The semicarbazones
and oxadiazole derivatives were allowed to dock at the
active site with the complete flexibility. The best pose
having least binding energy revealed the electrostatic
interaction and hydrogen bonding which facilitate the
binding to the active site. The experimental results of
interaction of Diclofenac (PDB: 2B17) with Phospholipase
A2 shows that the K = 6.9 uM by forming hydrogen
bonds with His 48and Asp99. The interaction of 3d with
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PAP2 (PDB: 2B17) shows three hydrogen bonds with
active site residues Tyr22, His48 and Asp99. The Kof 2.0
uM was observed which is low as compare to standard
drug Diclofenac. IC | values of declofenac and semi-
carbazones derivatives were predicted from AutoDock.
Based on very low binding energy of -7.78kcal/mol
and low IC, of 2.0 uM, the 3(d) proves to be a
competitive inhibitor as compared to Diclofenac and
as a potential anti-inflammatory lead molecule since the
ligand interact with a relatively higher affinity and lower
inhibition constant than the standard diclofenac. PLA2
catalyzes the calcium-dependent hydrolysis of the 2-acyl
groups in 3-sn-phosphoglycerides. The cofactor calcium
uses the metal binding residues Tyr27, Gly29, Gly31
and Asp48 (residue numbering according to PDB) via
carbonyl oxygen for its activity. Compound 3d formed
hydrogen bond with these metal binding residues and
blocked the interaction of calcium and further disturbs
the hydrolysis and inactivates the enzyme. Compound
3d formed Binding energy and inhibition constant of
all the docked compounds including both the standard
drugs were presented in Table 5 and supported by
enclosing Figure 4.

CONCLUSION

The novel series of semicarbazones and oxadiazoles
were synthesized in reasonably good yields. The outcome
from this study clearly showed that the chemical
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structures were found to be in accordance with their
IR and "H-NMR Spectra. The synthesized compounds
were assessed for insecticidal activity, anti-bactetial,
anti-fungal, anti-inflammatory potentials.

The Compound 2(d) and 3(a) shows high percentage of
mortality compared to standard acetone. The increased
percentage of mortality of compound may be due to
the very low binding energy and presence of substituent.
Other compounds show moderated and less mortality
because of moderately high binding energy. The
Compounds 3(a) and 3(b) showed high activity against
Kallipsi  calla and  Escherichia coli as compared to
standard. The compounds 3(a) and 3(d) showed high
activity against 4. #igar and in case of A. flavous 3(c)
and 3(a) compounds showed maximum inhibition.
Compounds 2(a), 2(b) and 3(c) have shown good anti-
inflammatory activity when compared with the standard
diclophenac sodium. The molecular docking studies
of the synthesized compounds were performed. The
Compound 3(d) proves to be a competitive inhibitor as
compared to Diclofenac and as a potential anti-
inflammatory lead molecule since the ligand inter-
act with a relatively higher affinity and lower
inhibition constant. Compound 3(d) showed the
least binding energy which is in agreement with the
in vitro results. Hence, this study has extended the
scope of developing these semicarbazones and oxadiazole
derivative as positive antimicrobial agents.
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ABBREVIATIONS

HCI: Hydrochloric acid; KBr: Potassium bromide;
NaOH: Sodium hydroxide; DCC: 1,3- dicyclohexyl-
carbodimide; Hg (OAc),: Mercury (II) acetate; HgO:
Mercury (II) oxide; TMS: Tetramethylsilane; TLC:
Thin layer chromatography; DMSO-d;: Dimethyl
sulfoxide-dg; AR: Analytical Reagents; DMF: Dimeth-
ylformamide.
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PICTORIAL ABSTRACT

EtOH
HsC,00C - COOC,H; + NH)NH, === H,NHNOC - CONHNH,
M

Where;

Ris

a=-CgHs

b=2-0H-CgH,

¢=4-0CH;-CgH,

d=-3-0CHy-4-0H-C¢Hy

RCHO

N—N N—

q /
/< \S—Z/ y\ < Odion_ N - NHOC - CONHN-CHR
R” 0 0" R

FeCly
(a-d) it

The novel series of semicarbazones (2a-d) and
(3a-d) synthesized in
sonably good yields. The synthesized com-
pounds were in noble arrangement with
elemental spectral  data. The synthesized
compounds assessed  for  insecticidal
activity, anti-bacterial, anti-fungal, anti-inflammatory
potentials and molecular docking studies.

oxadiazoles wetre rea-

and
wete

SUMMARY

A series of novel substituted semicarbzones
and oxadiazoles were synthesized in reasonably
good yield. Chemical structures were charactet-
ized and are in accordance with their IR and
'"H-NMR  spectra. Obtained compounds were
subjected for insecticidal activity and pharma-
cological screening viz, anti-bacterial, anti-fungal,
anti-inflammatory potentials and molecular dock-
ing studies.

Majority of the synthesized compounds exhib-
its potential inhibition while few of them exhibits
moderate activity. The docking studies for semicar-
bzones and oxadiazoles derivatives were against
Phospholipase A2, using the co-crystallized ligand
structure Diclofenac as reference. The compound
formed binding energy and inhibition constant of
all the docked compounds including both the stan-

dard drugs showed the least binding energy which
is in agreement with the 7z vitro results.
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