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N-Heterocycles are prime Skelton and have been taken as an important contrivance for the construction
of competent bioactive molecules. This study intends to amalgamate, characterize, and anti-oxidant
assessment of some piperdin-derived (E)-4-fluoro- analogs. We have amalgamated five new piperdin-
derived (E)-4-fluoro- compounds. All the designed compounds were characterized using FT-IR, and 1D-
NMR. Also, altogether the amalgams were inquired for their anti-oxidant actions in counter to innumer-
able free radicals. Compounds Z3 and Z4 spectacle outstanding anti-oxidant activities. The results
flaunted that the electron-confer (donating) and electron-exodus (withdrawing) sets play a prime role
in anti-oxidant actions of the compounds Z (1-5) respectively. A molecular docking study of the com-
pound (Z1) demos that the innumerable ligands of the compound with a glide score value of
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—4.28 kcal/mol.
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1. Introduction

Heterocyclic chemistry with N (nitrogen) heteroatom is nascent
as some of the newest areas in the synthetic organic chemistry
dome as its pervasive being of different bioactive natural com-
pounds, synthetic intermediates, and pharmaceuticals [1]. A pre-
vailing objective of chemical synthesis is to cultivate active and
steadfast methods for the assembly of complex molecules [2].
The assortment of biologically energetic molecules has been
thought of as a persuasive implement for the synthesis of chemical
compounds with major bioactivity. Of specific concern to organic
and medicinal chemists are nitrogen-containing heterocycles,
which often originate in natural products [3,4], and therapeutic
drugs [5,6]. Among N (nitrogen)-containing heterocycles, piperdin
ring is the utmost common moiety in copious biologically active
natural products and therapeutic agents, substantial attention
has focussed on the improvement of general means and strategies
for the synthesis of its by-products. Among the extensive variety of
heterocycles that have been explored for developing the pharma-
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ceutically important molecules, piperidin-4-one unveils numerous
biological activities like analgesic, antibacterial, nervous system
depressant, anti- fungicidal, and anti-oxidant activities. Besides
the significant biological properties, piperdin-4-ones are useful
building blocks in synthetic organic chemistry and are well docu-
mented|7,8].

The current effort was to explore the anti-oxidant activities in a
piperdin loop having hydrazide moiety. In an endeavor to explore
the conformations, natural profiles, and in precise, the anti-oxidant
activity, a novel series of (E)-4-fluoro-N-(3-isopropyl-2,6-diphenyl
piperidin-4-ylidene) benzohydrazides Z (1-5) were synthesized
and characterized by ethereal techniques. The synthesized com-
pounds were curtained for their antioxidant capabilities. The title
compound was also curtained for molecular docking studies.

2. Experimental
2.1. General
2.1.1. Melting point determination

The melting point was taken in open glass capillaries on the
SUNTEX melting point apparatus and was uncorrected.

Selection and peer-review under responsibility of the scientific committee of 2022 International Conference on Recent Advances in Engineering Materials.
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2.1.2. FT-IR ranges
FT-IR ranges were documented on an AVATAR 330.0 FT-IR spec-
trometer in the KBr pellets.

2.1.3. NMR ranges

Proton NMR (H!) and C!*> NMR ranges were noted on a Bruker
Avance NMR spectrometer functioning 400.00 MHz for H' and
100.00 MHz for C'3. Elucidations for record Proton NMR ('H) and
13C NMR ranges were set by liquefying around 10.00 mg and
50.00 mg of the compounds, respectively, in 0.5 ml CdCls. The
number of statistics points for 'H and '3C was at 16 K and 32 K, cor-
respondingly. Altogether the dimensions were prepared by
exhausting 5.00 mm NMR tubes.

2.1.4. Anti-oxidant activity

The anti-oxidant commotion of the synthesized compounds Z
(1-5) was buttressed out on diverse sample meditations (w/v) by
liquefying (120, 90.60, and 30) milligram of starch in 1.00 ml of
ddH,0 (deionized water) monitored by ultrasonication for
23.0 min to endorse well intercourse. The fusion achieved was
exploited for defining, unlike anti-oxidant assays.

2.1.4.1. 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radical scav-
enging action. 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
action of compounds was stanch by the routine recommended by
Ashwar et al. [9] with specific alterations. 5.00 ml of every taster
of fluctuating concentrations was mixed with a 60.00 mm elucida-
tion of 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) in CH;0H
(5.00 ml). The solution was vortexed for approximately 0.30 s
and kept at 25.00 °C for 30-35 min in an obscure chamber. The
transmittance of the subsequent elucidation was resolute at
517.0 nm using Ultraviolet -vis. spectrophotometer in the flaw of
the outright, tocopherol was engaged +Ve control, liquefied in
dd-H,0, 1-picryl-hydrazyl-hydrate-2,2-diphenyl scavenging ability
was acquired with the given formulae:

DPPH activity (%) = (1 — As)/Ac = 100

Therefore “Ac” is the transmittance of the +Ve reaction control,
and “As” is the transmittance of the case.

2.1.4.2. Metal chelating action. MC was considered bestowing to the
way Shah et al. [10]. The transmittance of the ensuing solution was
executed at the 20-25 °C (ambient temperature) in a flaw of utter
at 650.00 nm and paralleled to CsHgO7 (control). The Fe?* chelation
competency of every case was intended as a percentage chelating
outcome through the given calculation:

Chelating effect (%) = (Ac — As)/Ac =100

“Ac” is the transmittance of the +Ve control of reaction and “As”
is the transmittance of the case.

2.1.4.3. Prohibition of LP (lipid peroxidation). This assessment was
premeditated by the subsequent pattern by Shah et al. [10].
Polysaccharide (starch) suspension (00.5-1.00 ml) of fluctuating
meditations was auxiliary to the C;gH3,0, (1.00 ml, 0.1 percent
w/v), H,0, (0.2 ml, 30.00 mm), CgHgOg (0.2 ml, 100.0 mm), and
Fe (NOs); (0.2 ml, 20.00 mm). The solution was legitimate to the
nurtured at 37.0 °C for 60 min. Afterward, the dissolution of the
response was reinforced out by addition C,HCl30, (0.5-1.00 ml,
1.0 % m/v), and the C4HgN,0,S (1.00 ml, 1.00 m/v). Response blend
spouts were preserved in a steaming water immersion for 20.0-
25.0 min monitored by centrifugation at 600.00 rpm for 5.0-
6.0 min. The filtrate was assembled and its transmittance was set
at 530.00 nm in contradiction to blank and paralleled at EDTA
(control).
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Reticence was deliberation as percent by the subsequent chem-
ical equation:

% Inhibition = Ac — As/Ac = 100

“Ac” is the transmittance of the +Ve control reaction whereas
“As” is the transmittance of the case.

2.1.5. Molecular docking contemplate.

The subsequent technique stood operated for molecular dock-
ing contemplate. The molecule for docking discourse was secure
via Schrodinger, LigPrep. The ion devours magnitudely sophisti-
cated and consigned to apt of isomerization state at pH
7.00 £ 2.00. The solid point optimization has been reinforced with
the help of the OPLS- 2005 pressure subject. The object protein
InhA (enoylacy! and carrier protein reductase) from TB (Tubercle
bacillus) was taken from the wwPDB (Protein id: 2NSD) and the
vigorous site was selected. The lattice was apportioned by selecting
the molecule as the middle of the network and then the network
case was spawned by spreading evasion factors. The docking alter-
ation has been ended using GLIDE, Schrodinger, and GLIDE XP
techniques.

2.1.6. General procedure

2.1.6.1. Synthesis of 3-isopropyl-2r,6¢-diphenylpiperdin-4-ones T (1-
5). The parental 3-isopropyl-2r,6¢c-diphenylpiperidin-4-ones T (1-
5) were synthesized through Mannich reaction by adopting litera-
ture methods [11]. A mixture of ketone (0.1 mol), dried C,H;NO,
(0.1 mol), suitable benzaldehyde (0.2 mol) in C;HsOH (30 ml),
and heat to bubbling carefully. It was kept at ambient temperature
for 12-14 h. Dry ether (50 ml) was added by Conce. HCI (30 ml)
and cooled. The precipitated HCl was filtered and washed with
ethanol- ether (1:5) mixture repeatedly. Then, HCl was suspended
in acetone and made alkaline using strong NH,OH. On dilution
with an excess of H,0, the base was precipitated which was fil-
tered, dried, and recrystallized from C,HsOH.

2.1.6.2. Synthesis of (E)-4-Fluoro-N'-(3-isopropyl-2r,6¢-diphenylpiper-
idin-4-ylidene) benzohydrazides Z (1-5). 4-fluorobenzohydrazide
(1.5 mmol), and appropriate piperdin-4-one (1.0 mmol) were dis-
solved in 30 ml CH3O0H along with 1.0-1.5 ml of CH;COOH as a cat-
alyst to get a clear solution. The reaction mixture was taken in a
round bottom flask and refluxed for about 4-5 h [Scheme 1]. After
completion of the reaction, methanol was removed by vacuum dis-
tillation. The separate (E)-4-fluoro-N'-(3-isopropyl-2r,6¢c-diphenyl
piperidin-4-ylidene)benzo-hydrazide Z(1-5) were recrystallized
from ethanol and chloroform in equivalent ratio. The purity of
the compounds was checked by TLC plates.

Reagents: (a) CH3;COONH,4, C;H;0H
(b) CH30H, CH3COOH, 4 h, 60 °C

Sample code R1 R2 X

T1 1 CH; CH; H

T2 72 CH; CH;3 4-C1

T3 Z3 CH; CH; 4-0CH;
T4 74 CH; CH; 4-CH;
T5 Z5 CH; CH; 4-F

Spectroscopic data for the complexes Z (1-5) are presented
below:

(E)-4-fluoro-N'-(3-isopropyl-2,6-diphenylpiperidin-4-yli
dene) benzohydrazide (Z1)

Light yellow powder, yield 83%, mp: 170-172 °C; IR (KBr, Vmax
Cm™'): 1660 (C=0), 1533 (C=), 3303 (N-H ring), 3167 (NH amide).
H! ranges (400.00 MHz, CdCls;, 8): 0.841, 01.032(doublet, 6-
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Scheme 1.

protons, twice CHs at piperdin ring), 2.296 (mutiplet, CH at piper-
din ring), 1.850 (singlet, H, N-H at piperdin ring), 2.877 (double,
1H, C-5, 1He), 2.757 (triplet, 1H, C-3, 1Ha), 2.856 (double-
doublet, 1H, C5-1H), 04.190 (double, 1H, C-2,1Ha), 4.221(dou-
ble,1H, C-6-1H-a), 7.253-7.475 (mutiplet, Aromatic - H), 10.545
(singlet, 1H, NH amide, NH). C'® ranges (400.00 MHz, CdCl5-d6,
8): 19.39, 15.00 (twice CH5 at piperdin ring), 37.40 (C-H at piperi-
dine ring), 52.79 (C5), 57.101(C3), 61.2(C6), 67.86 (C2), 126.3-
128.65 (Aromatic-C), 138.09-142.97 ipso- C, 166.45 (C-4 at Hydra-
zide ring), 163.40 C=N (C-9), 159.561 (NH-CO).

(E)-4-fluoro-N'-(2,6-bis(P-chlorophenyl)-3-isopropylpiperi
din-4-ylidene) benzohydrazide (Z2)

White particles, yield = 93.0%, mp: 206-209 °C: FT-IR spectra
(KBr, Vmax Cm™'): 1651 (CO), 1546 (C=N), 3311(N-H ring), 3183
(NH amide).

H! ranges (400.00 MHz, CdCls, §): 1.134, 1.138 (doublet, 6-H,
twice CHs at piperidine), 2.289 (mutiplet, 1H, CH at piperidine
ring), 1.546 (singlet, 1H, N-H at piperidine ring), 2.840(doublet,
1H, C-5-1H-a), 2.267(multiplet,1H,C-3-1H-a),4.186(doublet,1H,C-
2-1Ha),4.242(doublet,1H,C6-1Ha),6.898-7.449(mutiplet,Aromatic-
H), 9.897 (singlet, 1H, N-H amide). C*3spectra (400.00 MHz, CdCls,
8): 21.10, 21.30(twice CH5 at piperidine), 30.11(C-H at piperidine),
35.49(C5), 57.39 (C3), 55.29(C6), 62.871 (C2), 128.39-135.30(Aro
matic-C), 141.45-143.19(ipso- C), 162.17 (NHCO), 165.04(C-4 at
hydrazide ring).

(E)-4-fluoro-N'-3-isopropyl-2,6-bis(P-methoxyphenyl)piperi
dine-4-ylidene) benzohydrazide (Z3)

White powder, Heed 73%, mp: 180-182 °C; FT- IR (KBr, Vmax
Cm1): 1652 (0=C), 1548(CN), 3276(NH), 3174(NH amide). H!
data (400.00 MHz, CdCl;.d6, §): 0.900, 0.950 (double, 6-H, 2*CH3
at piperidine ring), 2.42(doublet, 1H, C-H at piperidine ring),
1.609(singlet, 1-H, N-H at piperdin ring), 1.889(singlet, 1-H, C-
5,1-Ha), 3.279(singlet, 1H, C-5—1He), 3.850(singlet, 1H, C-2, -
1Ha), 3.764(singlet, 6-H, -OCH3),7.324-7.490(Aromatic-H), 10.239
(singlet, 1H, NH amide NH).

C'3 spectra (400.00 MHz, CdCl;-d6, §): 15.11, 19.39(-CH; at
piperidine ring), 32.35(C5), 51.79(-OCHs), 61.00(C6), 66.80(C2),
126.65-135.12 (Aromatic-C), 135.12-142.57-0.482(ipso-C),
162.62 (N-HC=0), 165.63(C4 at hydrazine ring).

(E)-4-fluoro-N'-(3-isopropyl-2,6-di(p-methylphenyl)piperi
din-4-ylidene) benzohydrazide (Z4)

White powder, yield 75%, mp: 205-207 °C; IR ranges (KBr,
Vmax Cm~!'): 1649(C=0), 1510(C=N), 3280(N-H ring), 3132(NH
amide). H' spectra (400.00 MHz, CdCl;-d6, §): 0.851, 1.042(dou-

blet, 6-H, 2*CHs), 2.289(mutiplet, 1H, C-H at piperidine ring),
2.274(singlet, 1H, N-H at piperidine ring), 2.662(double, 1H, C5,
1Ha), 2.798(triplet, -H, C3, 1Ha), 2.869(double-doublet, 1H, 1H,
C5, -1He),4.222(double,1H,C2, 1-Ha),4.249(multiplet,1-H, C6, 1-
Ha), 7.256-7.400(mutiplet, Aromatic-H), 10.471(singlet, 1H,N-H
amide, N-H). C'® ranges (400.00 MHz, CdCls, §):21.192, 21.421
(2*CH3), 29.63(C-H at piperidine ring), 36.57(C5), 56.262(C3),
62.870(C2), 127.900-133.957(Aromatic-C), 141.10-143.186(ipso-
C), 162.41(N-H-C=0), 165.06(C4 at hydrazine ring).

(E)-4-fluoro-N'-(2,6-bis(p-fluorophenyl)-3-isopropylpiperi
dine-4-ylidene) benzohydrazide (Z5)

White crystals, Heed 83%, mp: 182-185 °C; IR ranges (KBr,
Vmax Cm~!): 1644(C0O), 1524(CN), 3239(NH ring), 3189(N-H
amide). H! ranges (400.00 MHz, CdCls, §): 0.843, 0.959(doublet,
6-H, 2*CHj3 at piperidine ring), 2.274(mutiplet, 1-H, C-H at piperi-
dine), 1.723(singlet, 1-H, N-H at piperidine), 2.842(double, 1H,
C5, 1-Ha), 2.655(triplet, 1-H, C3, 1-Ha), 4.166(double, 1H, C2, 1-
Ha), 7.261-7.413 (Aromatic-H), 10.589(singlet, H, N-H amide).
C'3 spectra (400.00 MHz, CdCls, 8): 21.28, 21.09 (2*CH; at piperi-
dine ring), 31.36(C-H at piperidine), 37.53(C5), 56.37(C3), 57.43
(C6), 62.79(C2), 127.87-135.19 (Aromatic-C), 142.19-143.20 (ipso-
C), 162.33(H-N-C=0), 165.10 (C4 at hydrazine ring).

3. Results and discussions
3.1. Physical explanation of complex (Z1)

In proton NMR ranges, a comprehensive and down-field conve-
nient single peak at 10.545 ppm was evocative of the N-H amide
group. One more, wide single signal vibrated at 1.656 was con-
signed for the N-H P* for the piperidine ring. Indication widening
is in line with the faster conversion of the N-H P* with the flush
humidity than the reverberation periodical scale. Three doublets
were identified in the area of 2.872 ppm, 4.249 ppm, and
4,743 ppm due to 1Ha (C-5), 1Ha (C-6), and 1He (C-2). One
double-doublet is perceived in the region of 2.856 ppm due to
1He (C5). Two triplets were seen in the region 1.132 ppm and
2.712 ppm due to 6H at piperidine ring and C-3 (1Ha) respectively.
Multiple signals seemed at 2.261 ppm, 7.260-7.475 ppm due to CH
at piperidine ring and Aromatic-H.

In C'® Nuclear magnetic resonance (NMR) ranges, two down-
field reverberations at 163.40 ppm and 159.09 ppm were given
CN (C9), and CO (N-NHCO) carbons correspondingly. The carbons
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reverberations perceived around 142.540 ppm and 143.972 ppm
were in line for ipso-C. Though, at hand, there were four signals
nearby 36.821, 57.101, 58.102, and 63.861 ppm, and were appro-
priately allocated to the C5, C3, C6, and C2 separately. The C!3
organic swing values of the CHsz carbons (2*CHs3 piperidine ring)
were perceived at 21.156 ppm, and 21.30 ppm. The signals at
166.45 ppm were apportioned to C-4 of the hydrazine loop.

3.2. Anti-oxidant prospective

Five, unlike hydrazone by-products, were synthesized and
assessed for their in vitro free radical scavenging activity in contra-
diction to numerous open radicals. Our results afford confirmation
that synthesized compounds Z (1-5) exhibited a concentration-
reliant anti-radical activity. The ICso values (half maximal inhibi-
tory concentration) for free radical scavenging of innumerable
primed amalgams Z (1-5) are publicized in Table 1. It is acknowl-

Table 1
ICsp values for radical scavenging action (pg/ml).
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edged that a gush in phytochemical action is seen with the replace-
ment of alkyl restraints such as —CHs, CH,CHj3 to -CgH5 rings owing
to the electric reverberation outcome of the —-CgHs ring [12]. The
imports of the present study display the existence of -CH3 crowd
replacement at the site third of the piperidin-4-one complexes
wields an ample inhibitory result in contradiction of numerous free
radicals. Compounds owing electron-confer -CHsz (Z4) and meth-
oxy (OCHs) (Z3) replacements at the p-location of the —CgHs ring
devoted to the Carbon —2nd and Carbon —6th of the piperdin frac-
tion indicated incomparable free radical scavenging special proper-
ties equated to the normal anti-oxidant, an acknowledged anti-
oxidant used as a +Ve control. Compounds with electron contribut-
ing -CH3 replacement at the third location of the piperidin-4-one
blends open surprising deeds. These consequences indorse reports
by former workers on in vitro free radical scavenging possessions of
carbon-based molecules combining an electron contributing group
(-CH3 and -OCHj3) at the p- spot of the -C¢gHs hoop [13-16].
Compounds owning electron-realizing Bromo (Z5), Chloro (Z2)
changeovers at the p- location of the piperidine portion bared
admired in vitro free radical scavenging possessions in contradic-
tion of various free radicals. These fewer or admired open radical

Complexes IC 50 values scavenging special possessions of the amalgams with Cl and Br
DPPH Lipid peroxidation Metal Chelation might be owing to the electron exodus and the transmission effect
71 3.7148 3.4205 3.5917 of the group-17 (Halogens). Beneath stated outcomes are in con-
72 3.873 3.755 2.8983 tour with surplus findings [13-16]. The radical scavenging out-
Z3 1.5492 1.5492 1.3416 comes are dignified in colour from purple to light yellow and
24 1.8166 1.2247 0.5477 scrutiny of the transmittance at 517.0 nm [17]. The scavengin
75 3.0496 2.8983 1.9748 rutiny . : o sing
Control 1.8166 1.4491 1.2247 ability of the synthesized compounds Z (1-5) is illustrated graph-
ically in Fig. A.
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Fig. A. The anti-oxidant potential of synthesized compounds Z (1-5).
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Fig. B. Compound (Z1) docked in the vigorous site of 2NSD and interaction details.

Table 2
Molecular docking (Kcal/mol) outcome of the complex (Z1).

Complex Glide score Glide evdw Glide ecoul

Glide energy Interacting ruins

Z1 —4.28 —31.78 —-4.14

—-19.72 H-bond interaction with GLY-96, PHE-41, and PHE-97

3.3. Molecular docking contemplate

To bargain an applicable hindrance for Tubercle bacillus (TB)
docking contemplates [18,19] were approved for InhA protein.
InhA generates the decline of long-chain trans-2-enoyl-ACP inside
the kind II fatty acid biosynthesis lane of Tubercle bacillus (TB) [19].
Hindrance of InhA interrupts the CggH;7604 (mycolic acids) that
had remained cherished constituents of the mycobacterial cell
wall.

Molecular docking contemplates having been conceded out for
the complex (Z1). The docking interface of the complex is pre-
sented in Fig. B. The result of the docking study besides the inter-
face vigor is presented in Table 2. Scrutiny of the result pageants
that the various ions of the complex (Z1) show a high glide score
value of —4.28 kcal/mol. Therefore, grounded on the docking stud-
ies, the complex (Z1) may be suitable to overwhelm the drug con-
frontation of Tubercle bacillus (TB) InhA protein.

4. Conclusion

We bang five new synthesized (E)-4-fluoro-N’-(3-isopropyl-2,6-
diphenylpiperidin-4-ylidene) benzohydrazides Z (1-5). All the
newly synthesized compounds were screened for their preliminary
antioxidant activities. All these compounds display good anti-
oxidant activities might due to the presence of the electron-
confer set. The molecular docking study themes out that the com-
plex Z1 shows a good score value owing to the existence of H-bond
interaction. The current studies disclose that these compounds
could be an outline for future development in anti-oxidant agents.
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