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A B S T R A C T   

Inflammation is one of the pertinent responses of the body, depending mainly on the process and 
factors involved in combating the oxidative species produced either by any infection or failure of 
the antioxidant pathways. In search of new compounds to exhibit antioxidant and anti- 
inflammatory activity here, we have successfully reported the synthesis of three novel com
pounds of Piperidin-4-one skeleton by adopting simple and convenient methods. Compound 1, (3, 
3-dimethyl-2, 6-bis(3,4,5-trimethoxyphenyl) piperidin-4-one) was synthesized by one-pot Man
nich condensation reaction having good yield (88 %). Furthermore in the next step highly 
functionalized imine derivatives, Compound 2 (3,3-dimethyl-2,6-bis (3,4,5-trimethoxyphenyl) 
piperidine-4-one) hydrazine carbothioamide) and Compound 3 (3,3-dimethyl-2,6-bis(3,4,5-tri
methoxyphenyl) piperidin-4-one oxime) were prepared by the condensation reaction with thio
semicarbazide and hydroxylamine hydrochloride with compound 1, respectively. The structure of 
the compounds has been deduced by the combined use of modern spectroscopic and single crystal 
x-ray diffraction (XRD) techniques. in-silico ADMET studies predict pharmacokinetic properties 
and showed that compounds are non toxic on vital organs. The optimized geometry and reactivity 
parameters of compounds were further calculated based on the B3LYP/6-31G (d, p) density 
functional theory (DFT). The negative values of chemical potential follow the trend as 2 
(− 0.2101) > 3 (− 0.2198) > 1(-0.2233) signifies that all compounds are reactive in nature as 
evident from in-vitro antioxidant and anti-inflammatory response were determined by using the 
DDPH assay and protein denaturation methods respectively. Compounds possess good radical 
scavenging activity having IC 50 values 30.392 μM (2), 37.802 (1) μM, and 72.285 (3) μM, and 
anti-inflammatory response in same manner indicating that 2 (71.3 %) is more active than 
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compound 1 (43.5 %) and 3 (39.3 %) marking them as a potential antioxidant and anti- 
inflammatory agents.   

1. Introduction 

Oxygen utilization is essential for the survival and functioning of normal catabolic and physiological processes, as a key mediator of 
the intracellular signaling cascade. As a major component of the Reactive Oxygen species (ROS) system like hydroxyl (OH), Superoxide 
anions (O2− ), and Nitric oxide (NO), an efficient protection system [1]. Any disruptions in this system are the causative factor of 
oxidative stress leading to cell function loss, apoptosis, or necrosis leading to the altered biochemical process causing various diseases 
like cancer, cardiovascular diseases, aging, diabetes, inflammation, nephrotoxicity, liver cirrhosis, etc. Therefore, the compounds that 
prevent the propagation and onset of oxidative stress are of prime importance in preventing these disease conditions [2]. 

Heterocyclic piperidine ring, an important pharmacophore of numerous natural alkaloids has diverse pharmacological properties 
including anti-cancer, anti-histamine, bactericidal, fungicidal, insecticidal, stimulant, and depressant of the central nervous system 
[3–6]. Among the derivatives of piperidine, piperidin-4-one (4-piperidone) is commonly used as an intermediate or a starting reagent 
to synthesize various biologically important compounds such as antihistamine (dorastine), anticholinergic (propiverine), synthetic 
opioid (fentanyl), antipsychotic (osanetant, pimozide) [7,8], and many more. Similarly, 2, 6-diphenylpiperidin-4-one derivatives are 
reported to have anti-cancer, anti-inflammatory, anti-microbial, local anesthetic, and analgesic properties [9–11]. 

One of the key reactant used in synthesis is 3, 4, 5-trimethoxybenzaldehyde(TMB), commonly used in the synthesis of antibacterial 
(trimethoprim) and antioxidant agents (isoamoenylin), it stimulates the hydrolysis of tubulin-dependent GPT and stops the unfolding 
of tubulin [12,13]. Structure activity relationship showed that 3, 4, 5-trimethoxy phenyl substitution is critical for antiproliferative 
activity, among different derivatives of piperidine [14]. Benzoyl hydrazones of 2,6-diphenylpiperidin-4-one also exhibit antioxidant, 
anticholinesterase, and anticancer activities [15]. Currently, biocatalytic synthesis of piperidine derivatives is reported in good yield 
through an immobilized lipase-catalyzed, multicomponent one-pot reaction. Various substituted piperidines, piperidones, and spi
ropiperidines play an important role in pharmaceutical engineering [16,17]. 

Structurally, the presence of two important functionalities (carbonyl and amine) of piperidin-4-one allows this molecule to be 
introduced with a range of substituents that result in an important class of compounds including carbazide, thiosemicarbazide, oxime, 

Scheme 1. Synthesis of compounds 1, 2, and 3. Where; a: Hydroxylamine HCl, b: Sodium acetate trihydrate, and c: thiosemicarbazide.  
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oxime-ether, thiazolidones, oxirane, thiazole, and triazine [18–21] Its hydrazones and oximes serve as important ligands to form 
coordination complexes as the presence of electronegative nitrogen, sulphur, and oxygen increases the coordination potential [22]. In 
light of these studies, new imine derivatives of 2, 6-diphenylpiperidin-4-one were synthesized, followed by characterization based on 
molecular spectroscopic technique following DFT calculation to explore energetic behavior and stability of synthesized compounds 
having enough potential to interact with macromolecules. DFT calculations are an indispensable tool in the field of computational 
chemistry and drug design, providing essential insights that bridge the gap between theoretical predictions and experimental ob
servations. The radical scavenging response of compounds was assayed by using DPPH and in-vitro anti-inflammatory activity was also 
determined. 

2. Experimental 

2.1. Materials, physical measurements 

Solvents, reagents, and DPPH used for synthesis and analysis were purchased from Merck and TCI Japan and used without any 
additional purification. The melting points of compounds were recorded on Buchi 434 instrument. Ultraviolet spectra were monitored 
by using a Shimadzu UV-1600 spectrophotometer. MAT112 and JEOL mass spectrometer (JMS) were used to find out the molecular 
mass and fragmentation pattern of synthesized compounds. The presence of imine functionality was further confirmed by considering 
the change in the position of peaks in IR spectra monitored by making KBr disc mounted in Jasco 302 Fourier transformed infrared 
(FTIR) spectrophotometer. Using tetramethylsilane (TMS) as an internal standard and chloroform as solvent, 1H NMR spectra were 
recorded on Bruker AM 300 and 400 MHz spectrophotometers. 

2.1.1. Synthesis and Spectral analysis of 3, 3-dimethyl-2, 6-bis (3, 4, 5-tri-methoxyphenyl) piperidin-4-one (1) 
Compound 1 was synthesized by following the protocol as described by Baliah et al. [23] The mixture of 3, 4, 5-tri methoxy 

benzaldehyde (3.92 g, 0.2 mol), methyl isopropyl ketone (1.5 mL, 0.1 mol) and dried ammonium acetate (0.77 g, 0.1 mol) refluxed in 
ethanol (50 mL). Reaction completion was monitored through TLC. Concentrated hydrochloric acid (5 mL) was added upon 
completion of the reaction. The acidic precipitates were separated, washed, and suspended in acetone and then allow to neutralize by 
adding aqueous ammonia. After washing with cold water, obtained precipitates were vacuum dried and recrystallized from absolute 
ethanol (Scheme-1). 

Compound 1: yield; 88.3 %, Colorless crystals, M.P; 166 ± 1 ◦C, M.W; 459.53, UV λ max nm (Methanol); 213, 229 and 268. IR υ max 
(KBr) cm− 1; 3460, 3307, 2949, 1697, 1593, 1330, 1130, 914 and 837. EIMS m/z (%-abundance); 459.3 M+ (39), 388(22.7), 374.3 
(31.3), 264(21.7), 236(15.23), 222.2(36.93), 194.1(100), 179.1(51.93), 91(18.66). 1H NMR (CDCl3, 400 MHz) δ (ppm); 6.68 (s, 2H, 
arom. H), 6.64 (s, 2H, arom. H), 3.959 (s, 12H, –OCH3), 3.697 (s, 6H, -OCH3), 2.88 (t, J = 12.8Hz,1H, piperidinyl H), 2.455 (d, J =
13.2 Hz, 1H, piperidinyl H), 1.984 (s,1H(ax), CH2), 1.594 (s,1H (eq), CH2), 1.208 (s, 3H, CH3), 0.963 (s,3H, CH3). 

2.1.2. Synthesis and Spectral analysis of (Z)-2-(3, 3-dimethyl-2, 6-bis (3,4,5-tri-methoxyphenyl) piperidine-4-one hydrazine carbothiamide 
(2) 

In absolute ethanol (50 mL) mixture of compound 1 (0.45g, 0.01 mol) and thiosemicarbazide (0.091 g, 0.01 mol) was refluxed with 
continuous stirring on the hot plate. After 3 h of reaction, the content was poured in ice cold water to obtain a precipitate of product 
washed again with cold water and finally crystallized from ethanol (scheme-1). 

Compound 2: yield; 82 %, Light yellow crystals, M.P; 203 ± 1 ◦C, M.W; 532.65, UV λ max nm (Methanol); 207, 273. IR υ max (KBr) 
cm− 1; 3466, 2933, 2372, 2054, 1639, 1593, 1328 and 839. EIMS m/z (%-abundance); 532.2 M+ (25), 456(19.2), 441(11.5), 415(11.9), 
374(100), 277(16.6), 262(42.9), 220(95.4), 196(49.6), 154.1(12.2). 1H NMR (CDCl3, 400 MHz) δ (ppm); 10.419 (s, 1H, NH), 8.336 (s, 
2H, NH2), 7.240 (s, 1H, NH-piperidine), 6.46 (s, 2H, arom. H), 6.41 (s, 2H, arom. H), 3.830 (s,12H, –OCH3), 3.769 (s, 6H, –OCH3), 3.17 
(t, J = 14Hz, 1H, piperidinyl H), 2.65 (d, J = 15 Hz, 1H, piperidinyl H), 2.882 (s, 1H(ax), CH2), 2.303 (s, 1H (eq), CH2), 0.986 (s,3H, 
CH3), 0.886 (s,3H, CH3). 

2.1.3. Synthesis and Spectral analysis of 3, 3-dimethyl-2, 6-bis (3, 4, 5-tri-methoxyphenyl) piperidin-4-one hydrazine oxime (3) 
In absolute ethanol (50 mL) mixture of 1 (0.45 g, 0.01mol) and thiosemicarbazide (0.091 g, 0.01 mol) refluxed with continuous 

stirring on hot plate. After 3 h of reaction, the content was poured in ice cold water and obtained precipitate of product washed with 
cold water and recrystallized from ethanol (scheme-1). 

Compound 3: yield; 76 %. Colorless powder. M.P; 174 ± 1 ◦C. M.W; 474.55, UV λ max nm (Methanol); 207, 255 and 268. IR υ max 
(KBr) cm− 1; 3460, 2933, 2835, 1597, 1379 and 923. EIMS m/z (%-abundance); 474.4 M+ (29), 457(6.6), 374(10.4), 264.2(10), 196 
(100), 169(6). 1H NMR (CDCl3, 400 MHz) δ (ppm); 7.771 (s, 1H, NH), 6.72 (s, 2H, arom.H), 6.64 (s, 2H, arom. H), 3.885 (m, 1H, 
piperidinyl H), 3.718 (s, 12H, –OCH3), 3.688 (s, 6H, –OCH3), 3.612 (s, 1H, piperidinyl H), 1.287(d, J = 10.4Hz,IH, CH2), 1.206 (m, 1H, 
CH2), 1.151 (s, 3H, CH3), 1.028 (s, 3H, CH3). 

2.2. XRD-data collection and elucidation 

Bruker SMARTAPEX-11diffractometer, attached to CCD detector is used to collect diffraction data of compounds C1 and C2. 
Computed data were resolved by Bruker SAINT program using WinGX, incorporated with SHELXTL program scheme. ORTEP-3 
program is used to present the molecular structure of crystal in ORPT (Oak Rigid Thermal Ellipsoid Plot) view, whereas the 
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interactions were construed with PLATON and visualized by MERCURY3.6 software [24–27]. 

2.3. DFT-computational details 

DFT-B3LYP/6-31G (d, g) density functional theory has been used to compute the electronic properties of compounds [28]. The 
ground states geometries of compounds (1–3) were optimized through hybrid functional B3LYP and basis set 631G (d, p) [29], whereas 
Frontier Molecular Orbitals (FMOs) were analyzed to find out the energy gaps and to calculate reactivity parameters of the optimized 
compounds. Mullikens Atomic Charges (MAC) and molecular electrostatic potential (MEP) were calculated for the elucidation of 
charge distribution on the structure and reactivity of these compounds for biological targets. 

2.4. In-silico ADMET properties 

The in-silico ADMET properties of these newly synthesized compounds is studied by using the swiss ADME webserver (http://www. 
swissadme.ch) [30] and Protox-II webserver [31]. 

2.4.1. DPPH radical scavenging activity 
The radical scavenging activity of any compound is a determinant of its possible pharmacological responses. DPPH assay method is 

the most common and effective assay method in determining antioxidant activity [32]. Here, we use 1 ml of 0.1 mM of DPPH (ethanol) 
in 2 ml of concentrations 100, 50, 25, 10, 5, and 2.5 μg/ml of compounds 1–3 in a triplicate manner. To avoid the interference of light, 
solutions were kept in the dark for 30 min. Ascorbic acid (2:1) is used as standard, DPPH as control, and samples were observed at 
wavelength 517 nm using UV–Vis spectrophotometer. % DPPH inhibition activity was calculated using the formula:  

Inhibition ratio (%) = (As – Ac) ∕As × 100                                                                                                                                      

Where, As is the absorbance of the standard and AC is the absorbance of the compound solution (1–3) of variable concentration. IC50 
was calculated by using values from a linear regression graph. 

2.5. In-vitro anti-inflammatory activity 

The In-vitro anti-inflammatory response of the synthesized compounds was determined by the protein denaturation method [33]. 
The percent inhibition of compounds 1–3 (n = 3) was analyzed at concentrations 100, 50, 25, 10, 5, and 2.5 μg/ml and compared with 
standard (Diclofenac Na 100 μg/ml). Egg albumin solution (1 ml of 1 mM) was attenuated with standard and control (distilled water), 
at each concentrations in individual test tubes incubating it for 15 min at 27±1 ◦C followed by incubating in the water bath at 70 ◦C for 
10 min, samples were scan at a wavelength of 660 nm. The percentage denaturation inhibition was calculated by applying the formula:  

Percentage Inhibition (%) = (As – Ac) ∕As × 100                                                                                                                             

Fig. 1. A & B. Comparative FT-IR-spectra of compound 2 and 3 with parent compound 1.  
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3. Results and discussion 

3.1. Synthesis 

A one-pot synthesis is a useful approach for designing and developing of new complex molecules from simple reagents. In the 
present study a new heterocyclic compound 3,3-dimethyl-2,6-bis (3,4,5-tri-methoxyphenyl) piperidin-4-one (1) was synthesized by 
mannich condensation reaction among 3,4,5-trimethoxybenzaldehyde, methyl isopropyl ketone and ammonium acetate yielding 88 % 
of the compound, from which highly functionalized imine derivative compound 2 was successfully obtained by nucleophilic addition 
reaction of nitrogen of thiosemicarbazide with the carbonyl group of compound 1 in acidic medium with elimination of water 
molecule. Compound 3, an oxime derivative obtained by condensation reaction between compound 1 and hydroxylamine hydro
chloride (Scheme-1). The synthesis of compounds (1–3) was monitored by the TLC sytem comprised of ethyl acetate and hexane (3:7), 
same system was used to purify the compounds (1–3) exhibiting good yields, followed by spectroscopic characterization using 
UV–Visible, FT-IR, 1HNMR, Mass spectroscopy and X-ray crystallography. 

3.2. FT-IR, 1HNMR, and mass spectra of compounds 

The FT-IR spectrum of compound 1 revealed stretching bands at 3460, 2949, 1697, and 837 cm− 1 for secondary amine (N–H), sp3 

C–H, carbonyl (C=O), and sp2 (aromatic) respectively [25]. Disappearance of the absorption band of carbonyl (1697) and appearance 
of the C=N band at 1639 cm− 1 and the presence of a stretching bond around 3466 cm− 1(NH2) confirmed the synthesis of thio
semicarbazone derivative compound 2 (Fig. 1 A &B). Similarly, the presence of 3460 (N–OH) and 1379 cm− 1 (C=N) stretching bonds 
indicates the presence of the oxime function group in compound 3 (Fig. 1). The 1H NMR spectrum showed characteristic singlets at δ 
10.419 and δ 8.336 of corresponding NH and NH2 groups of hydrazine respectively. A multiplet at δ 6.682 - δ 6.408 appeared due to the 
aromatic proton further supporting the structure of synthesized compounds. While the aliphatic methyl of the 4-piperidone ring 
appeared as δ 0.82 and δ 1.03 respectively. Molecular mass was confirmed by corresponding m/z peaks of compounds (459, 532, and 
474) in mass spectra which is in accordance with the projected molecular formula of the respective compounds (supplementary 
material). 

3.3. X-ray crystallography 

The sythesis method yielded fine crystals of compounds 1 and 2 in the triclinic system, with space group P–I and unit cells of 
compounds containing two independent molecules (Fig. 2a and b). The crystal structures are reported in the CCDC as RA2 (2178085) 
for compound 1 and RA2r (2178084) for compound 2. The parent compound 1 contains a central cyclohexane ring, A (C-7—C-11/N- 
1), with an equatorial oriented dimethyl group at C-8, and two planar tri-methoxy rings (B and C) at C-7 and C-11. Piperidine ring 
adopts a chair conformation. Structurally 2 was found to be similar to 1 with the difference in the presence of the hydrazine carbo
thioamide group (S-1/N-2-N-4/C-23) in place of the carbonyl functional group. Crystallographic data of compounds given are in 
Tables 1 and 2, Table 3 (supplementary material) 

Fig. 2. (a). The molecular structure of parent compound 1 shows the numbering of atoms. All non-H atoms are presented by 50 % probability 
displacement ellipsoids. (b) Compounds 2, also showed compound 1 and 2 also stabilized via C-24—H-24C⋯O-2. (dash line represent the inter
molecular interactions). 
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3.4. Crystal packing of compounds 1 and 2 

Neighboring molecules in the crystal lattice of compound 1 are linked with each other via N-1—H-1A… O-9 and N-2—H-2A…O-6. 
Compound 2 was found to exhibit the intramolecular (C-24—H-24C⋯O-2) hydrogen bond, to form S6 group set (Fig. 3). As well as, in 
the crystal lattice of 2, molecules were also found to be connected with each other via N-4—H-4B⋯S-1 intermolecular interactions to 
form R2

2 (8) ring motifs (Fig. 4). The crystal packing further stabilized via N-4—H-3A…O-4 and C-26—H-26B⋯O-2 intermolecular 
interactions. Details regarding the crystal structure of the compounds are given in supplementary material. 

Table 1 
Crystal data and structure refinement for compounds 1 and 2.  

Compounds 1 2 

Empirical formula C50H66N2O14 C26H36N4O6S 
Formula weight 919.05 532.65 
Temperature 273(2) K 100(2) K 
Wavelength 0.71073 Å 1.54178 Å 
Crystal system Triclinic Triclinic 
Space group P-1 P-1 
Unit cell dimensions a = 9.2021(5) Å a = 82.6570 (10) Å  

b = 12.9290(7) Å b = 80.4410 (10) Å  
c = 20.7220(11) Å c = 11.7423 (16) Å  
α = 82.6570(10)◦ α = 84.343 (6)◦.  
β = 80.4410(10)◦ β = 72.576 (6)◦ .  
γ = 83.2270(10)◦ γ = 80.526 (6)◦. 

Volume 2399.4(2) Å3 1356.4(3)Å3 

Z 2 2 
Density (calculated) 1.272 Mg/m3 1.304 Mg/m3 

Absorption coefficient 0.093 mm− 1 1.452 mm− 1 

F(000) 984 568 
Crystal size 0.44 x 0.44 × 0.20 mm 0.260 x 0.200 × 0.080 mm 
Theta range for data collection 1.00 to 25.50 3.951–44.668◦. 
Index ranges − 11 ≤ h<=11, 

− 15 ≤ k<=15, 
− 25 = l ≤ 25 

− 9 ≤ h<=9, 
− 10 ≤ k<=10, 
− 10 ≤ l<=10 

Reflections collected 2 6694 
Independent reflections 8931 [Rint = 0.0197] 2105 [Rint = 0.0430] 
Completeness to theta = 67.679◦ 100.0 % 97.5 % 
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 

Data/restraints/parameters 8931/0/603 2105/0/299 
Goodness-of-fit on F2 1.028 1.059 
Final R indices [I > 2sigma(I)] R1 = 0.0432, wR2 = 0.1260 R1 = 0.0486, wR2 = 0.1126 
R indices (all data) R1 = 0.0822, wR2 = 0.1639 R1 = 0.0623, wR2 = 0.1194 
Largest diff. peak and hole 0.193 and − 0.180 e.Å− 3 0.314 and − 0.240 e.Å− 3  

Table 2 
Hydrogen bonds geometry (Å, ᵒ) of compounds 1 and 2.  

D—H…A D—H/Å H…A/Å D…A/Å D—H…A/ᵒ 

Compound 1     
N-1—H-1A…O-9 0.82(3) 2.34(3) 3.162(4) 177(3) 
N-2—H-2A…O-6 0.94(4) 2.23(4) 3.161(4) 175(3) 
Compound 2     
N-3—H-3A…O-4i 0.81(5) 2.38(4) 3.178(6) 173 (4) 
N-4—H-4B⋯S-1ii 0.83 2.59 3.381 161 (4) 
C-26—H-26B⋯O-2iii 0.98 2.56 3.449(6) 151 
C-24—H-24C⋯O-2 iv 0.98 2.35 2.987(6) 122 

Symmetry Code: (i) -x, -y, -z, (ii) 1-x, -y, 1-z, (iii) 2-x, 1-y, 1-z, (iv) -x, 1-y, -z. 

Table 3 
B3LYP/6-31G (d, p) computed values of ELUMO, EHOMO, and EHOMO-ELUMO gap (ΔE) of compounds 1–3.  

Compounds ELUMO (Hartree) EHOMO (Hartree) EHOMO-ELUMO gap ΔE (Hartree) 

1 − 0.15653 − 0.29010 0.134 
2 − 0.15151 − 0.26864 0.117 
3 − 0.14740 − 0.29219 0.145  
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3.5. DFT calculations (quantum chemical computational studies) 

The electronic properties predicted by DFT aids in identifying the most reactive and stable structures, which is essential for the 
synthesis and practical application of new compounds, also predict the binding affinities with biological targets, enhancing the un
derstanding of binding mechanisms. 

3.6. Frontier Molecular Orbitals (FMOs) and chemical reactivity descriptors 

The FMO Stability and reactivity characteristics of the compounds were investigated by finding the energy gap between an electron 
donor (HOMO) and acceptor (LUMO) orbitals. This alteration in energy band gap due to different functional groups causes the diverse 
chemical reactivity patterns among the compounds with favorable characteristics that can be defined structurally. 

The FMO and chemical reactivity of compounds 1–3 were calculated at B3LYP/6-31G (d, p) basis set (Fig. 5). The stability and 
reactivity characters of compounds were investigated by the energy gap between an electron donor (HOMO) and acceptor (LUMO) 
orbitals. This alteration in energy band gap due to different functional groups causes diverse chemical reactivity patterns among the 
compounds with favorable characteristics that can be defined structurally [34]. Computed values of ELUMO, EHOMO and EHOMO-ELUMO 
gap (ΔE) and chemical reactivity descriptors of optimized structures enlisted in Tables 3 and 4 respectively. 

From the computed values the most thermally and kinetically stable was found to be compound 3 whereas 2 was found to be the 
most attracted towards charge from the environment. Negative values of chemical potential follow the trend as 2 (− 0.2101) > 3 
(0.2198) > 1(− 0.2233) which reveal that compound have a greater capability of charge transfer and all compounds are reactive in 

Fig. 3. The molecules of compound 1 linked by N-1—H-1A…O-9 and N-2—H-2A…O-6 interactions.  

Fig. 4. R22 (8) ring motifs are formed among molecules through the contribution of N-4—H-4B…S-1 intermolecular hydrogen bonds.  
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nature predicting them as potential biological candidates. 

3.7. Molecular electrostatic potential (MEP) analysis 

Molecular electrostatic potential (MEP) indicates the magnitude of charge (negative and positive regions) in 3D way along with the 
shape and size [35] All blue-colored hydrogen atoms in Fig. 6, suggested the comparative nonappearance of the electron around 
hydrogen atoms whereas the electronegative atoms such as oxygen (O) and nitrogen (N) having red color indicates the more strength of 
electron density that showed a preferred site for electrophilic attack. 

3.8. Mulliken atomic charges (MAC) analysis 

Information obtained from molecular orbital has been applied in computing Mullikens atomic charges which are used to under
stand and relate molecular properties to their structures. These charge distribution analyses give information about the polarizability, 
dipole moment, and electronic structure of any compound, and hence reactivity of these compounds for biological targets can be 
evaluated [36]. Calculated distribution of charges on compounds (Fig. 7) indicated the presence of highly electronegative atoms like 
oxygen (O) and nitrogen (N), showed by orange to reddish color and green color in the figure showed the distribution of positive 
charges on carbon and hydrogen atoms in compounds. 

Compounds (1–3) exhibits tendency to react whereas compound 2 have shown maximum softness values and lesser energy gaps 
allowing for the highest number of charge transitions which signifying its reactive nature which defines its reactive nature as compared 
to other compounds and potential for biliological activities. 

3.9. In-silico ADMET properties 

The Absorption, distribution, metabolism, excretion and toxicity (ADMET properties) of any molecule plays an important role in 
determining its importance as a future drug. These parameters were studied by using Swiss ADME and protox-2 free webservers. The 

Fig. 5. Computed Frontier Molecular Orbitals (FMOs) values (ΔE) of compounds 1–3.  

Table 4 
B3LYP/6-31G (d, p) computed chemical reactivity parameters of compounds 1–3.  

Compounds Electron 
Affinity (EA) 

Ionization 
Potential (IP) 

Electro-negativity (χ) Electro 
-philicity (ω) 

Chemical 
Potential (μ) 

Global 
Hardness (η) 

Global 
Softness (σ) 

1 0.1565 0.2901 0.2234 0.3734 − 0.2233 0.06679 7.4867 
2 0.1515 0.2686 0.2101 0.3768 − 0.2101 0.05857 8.5375 
3 0.1474 0.2922 0.2197 0.3337 − 0.2198 0.07239 6.9066  
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predicted results are shown in Table 5, indicating that all the compounds synthesized obeys the Lipinski’s rule of five, exhibiting good 
drug likeness properties hence can be potentially used as drug agents. 

The predicted activity of the compounds (1–3) against the cytochrome P450 isoforms was also studied and found that all the 
compounds are active against the Cytochrome P2D6, which is involved in the serotonin reuptake [37,38]. In other words these 
compounds might exhibit their role as SSRI (selective serotonin reuptake inhibitors). Their toxicity parameters were also studied by 
in-silico approach and found that they can cause respiratory, immuno and nephrotoxicity, at 550, 500 and 75 mg/kg of Compound 1, 2 
and 3, respectively which needs to be assured by the in-vivo studies as all the compounds can cross the blood brain barrier (BBB). 

This computational data indicates that these compounds qualified for further in vitro and in vivo development studies and have the 
potential to be a drug agents. 

3.10. DPPH radical scavenging activity 

The ability of a compound to trap free radicals is a determinant of its radical scavenging activity. The scavenging effects of 
compounds 1, 2, and 3 were expressed as a percentage of radical inhibition, % DPPH. Compound 2 exhibits the highest activity against 
compounds 1 and 3. The IC50 values of compounds 2, 1, and 3 are 30.392 μg/ml, 37.802 μg/ml, and 72.857 μg/ml, respectively 
calculated by using an online tool (IC 50 Calculator) [39] pointing to the strong antiradical activity of compound 2 in comparison with 
the parent(1) and other analogue(3) but not as good in comparision to the standard ascorbic acid having IC50 22.23 μg/ml (Table 6). 

Structure-activity study showed that Compound 2 has reactive functionalities including primary and secondary amines containing 
nonbonding electrons that may produce antioxidant properties due to electron-donating groups similarly compound 1 showed anti
oxidant potential due to the presence of carbonyl group that becomes activated by donating its lone pair electrons. Oxime shows less 
activity as the electrophilicity of imino carbon is lower in oximes. All the synthesized compounds (1–3) showed antioxidant potential 
due to the presence of methoxy substituents [40]. 

3.11. In-vitro anti-inflammatory activity 

The in vitro anti-inflammatory efficiency of compounds (1–3) was calculated in comparison with the standard (diclofenac sodium) 
through the protein denaturation method (mean ± SD). The protein denaturation potency of compounds 1, 2, and 3 was expressed in 

Fig. 6. Calculated molecular electrostatic potential (MEP) of the compounds 1–3.  
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percentage in a triplicate manner. These results assure that compound 2 (71.3 %) is more active than compound 1 (43.5 %) and 3 (39.3 
%) (Table 7) but not as effective as standard (diclofenac sodium)marking it as a potential antioxidant and anti-inflammatory agent 
among the synthesized compounds. 

4. Conclusion 

In this study by using small molecules, highly functionalized novel imine derivatives (compounds 2 and 3) were successfully 
synthesized by an easy route. The developed synthetic method yields fine crystals of compounds 1 and 2 in the triclinic system. DFT 
studies explores the energetic behavior, stability, and reactivity of synthesized compounds with macromolecules by computing their 
thermal and kinetic stability. Negative values of chemical potential follow the trend as 2 (− 0.2101) > 3 (0.2198) > 1(− 0.2233) which 
reveals that these compounds have a greater capability of charge transfer and all compounds are reactive in nature due to the presence 
of methoxy, amine and sulphur substituents. The negative values also showed that compounds are stable, along side showacsing good 
values against all pharmacokinetic parameters predicted through swissADME, revealing that compounds posses drug-like properties. 
Compound 2(Z-2-(3, 3-dimethyl-2, 6-bis (3,4,5-tri-methoxyphenyl) piperidine-4-one hydrazine carbothiamide) showed significant 
antioxidant and anti-inflammatory potential among all compounds. Therefore, herein we can conclude that slight modification in 
structure may affect the reactivity and potency of the compound, confirmed by the DFT calculation and biological studies. Compound 2 
having a thiazide group is more reactive, potent and might be used in future for the development of new chemical entity as anti- 
inflammatory agents. 

Supplementary Information Supplementary information (H1NMR and Mass Spectra, and Table, containing the bond lengths 
and bond angles for compounds 1 and 2 (crystallography). 

Fig. 7. DFT-B3LYP/631g (d, p) calculated Mullikens Atomic Charges (MAC) of the Compounds 1–3.  
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Table 5 
In-silico predicted ADMET properties of compounds 1–3.  

Compound MW NHA NAHA NRB NHBA NHBD TPSA Log P Solubility (mg/ml) Lipinski violations 

1 459.53 33 12 8 8 1 84.48 3.16 1.99E-02 0 
2 532.65 37 12 10 8 3 149.91 3.03 1.55E-02 1 
3 474.55 34 12 8 9 2 100 3.24 1.17E-02 0  

The predicted interaction of compounds (1–3) with cytochromes P450 isoform 

Compound GI absorption BBB permeant Pgp substrate CYP1A2 inhibitor CYP2C19 inhibitor CYP2C9 inhibitor CYP2D6 inhibitor CYP3A4 inhibitor   

1 High No Yes No No No Yes No   
2 Low No Yes No Yes No Yes Yes   
3 High No Yes No Yes No Yes No    

ProTox- II predicted organ toxicity, toxicological end points and acute toxicity 

Compound Hepatotoxicity Neurotoxicity Nephrotoxicity Respiratory toxicity Cardiotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity BBB-barrier 

1 Inactive Active Inactive Active Inactive Inactive Active Inactive Inactive Active 
2 Inactive Inactive Active Active Inactive Active Active Active Inactive Active 
3 Inactive Active Active Inactive Inactive Active Active Inactive Active Active 

MW= Molecular weight; NHA=Number of ydrogen atoms; NAHA= Number of aromatic hetero atoms; NRB= Number of rotatable bonds; NHBA = Number of hydrogen acceptors; NHBD= Number of 
hydrgen donors. 
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Table 6 
In-vitro DPPH radical scavanging activities of compounds 1–3.  

Conc. μg/ml Comp 1 Comp 2 Comp 3 Ascorbic acid 

% Inhibition IC50 % Inhibition IC50 % Inhibition IC50 % Inhibition IC50 

2.5 12.675 37.802 15.015 30.392 17.015 72.2857 41.37 22.23 
5 18.015 22.952 24.912 52.74 
10 24.952 30.033 29.029 62.33 
25 30.031 39.020 35.970 78.57 
50 36.970 47.563 42.021 98.79 
100 42.018 53.563 48.430 99.86  

Table 7 
In-vitro anti-inflammatory activity of compound 1–3.  

Conc. μg/ml % inhibition 

Comp 1 Comp 2 Comp 3 Diclofenac sodium 

2.5 17.53 ± 0.32 21.94 ± 0.76 8.76 ± 0.13 35.97 ± 0.22 
5 18.78 ± 0.42 29.67 ± 0.49 11.52 ± 0.17 42.02 ± 0.64 
10 22.54 ± 0.15 33.23 ± 0.38 19.29 ± 0.93 48.43 ± 0.79 
25 29.43 ± 0.62 45.10 ± 0.27 25.57 ± 0.36 59.76 ± 0.86 
50 33.65 ± 0.71 59.67 ± 0.45 30.68 ± 0.42 78.64 ± 0.92 
100 43.50 ± 0.25 71.30 ± 0.37 39.30 ± 0.88 89.94 ± 0.39 
Mean ± S.D; n = 3; p-value signifcant at P < 0.001  
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