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Novel Piperidone Hydrazine Carbodithioate Derivative: 

Synthesis, In Silico Drug-Likeness Analysis and 

Anticancer Properties   
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An efficient synthesis of a novel compound of hydrazine carbodithioate derivative of piperidone, (E)-methyl-2-(3-

methyl-2,6-diphenylpiperidin-4-ylidene)hydrazinecarbodithioate (1), was performed using methyl 

dithiocarbazinate and 3-methyl-2,6-diphenylpiperidin-4-one as the starting materials. The reaction was carried out 

in an acidic medium using methanol as a solvent. The novel compound was characterized by FTIR, Mass, and NMR 

spectral techniques. The hydrazine carbodithioate derivative (1) was then tested for its anticancer activity against 

the liver cancer cell line, Hep G2, using the MTT assay. The IC50 values of the newly synthesized compound were 

found to be 34.33 ± 0.79 µM (24 hours) and 27.64 ± 1.42 µM (48 hours). The in vitro antitumor studies 

demonstrated that the novel compound (1) exhibited good inhibitory activity against the Hep G2 cancer cells. 

Furthermore, in silico properties such as lipophilicity, water solubility, pharmacokinetic properties, drug likeness, 

and medicinal chemistry were analyzed using the SwissADME tool. 

 

Graphical abstract 

                   

1. Introduction 

Liver cancer was one of the most dominant cancers and 
highly lethal among both men and women for decades in most 
countries. However, liver cancer mortality stabilized since 
2013 among males and since 2014 among females after 
years of increasing rates. According to reports, liver cancer 
was the fourth most common cancer death among American 

Indian/Alaska Native (AI/AN) and Hispanic males and second 
among Asian/Pacific Islander (API) males. Death rates 
increased among AI/AN male, remained stable among White 
and Hispanic males, and decreased among Black and API 
males. Liver cancer death rates were then stable in males and 
females after a period of increasing rates [1]. According to the 
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GLOBOCAN 2020 estimation, over 905677 new cases and 
830180 died from liver cancer and this makes liver cancer the 
second leading cause of cancer death in males and the sixth 
in females across the world [2]. Research studies indicate that 
the deregulated mammalian target of Rapamycin (mTOR) 
signalling significantly contributes to the primary liver cancers 
such as hepatocellular carcinoma (HCC) and intrahepatic 
cholangiocarcinoma (iCCA) [3]. Recent advancements in 
synthetic organic chemistry and biomedical engineering allow 
the discovery of potent small molecule drugs against liver 
cancer. Heterocyclic compounds containing sulphur and 
nitrogen drawn considerable attention due to their 
pharmacological activities [4,5,6]. Compounds such as 
Sorafenib tosylate, Cabozantinib and Regorafenib were 
studied for antitumor effects of the hepatocellular carcinoma 
and their mechanisms of action based on molecular profiling 
[7,8,9]. 

Among heterocycles, the derivatives of piperidin-4-one 
have been widely explored for their significant biological 
activities [10,11,12] especially modified 2,6-diarylpiperidin-4-
one derivatives. Several substituted 2,6-diarylpiperidin-4-ones 
were showed variety of drug-like properties such as 
antiproliferative [13], anticancer [14,15,16], antituberculosis 
[17], analgesic-antipyretic [18], antibacterial and antifungal 
[19]. On the other hand, organosulphur compounds also 
played a remarkable role in small molecule drug discovery 
[20,21]. Several pieces of the research reported that the 
naturally occurring sulphur compounds present in food items 
acted as nutraceuticals [22] and were good in preventing 
human cancer [23], cardiovascular diseases [24], and blood 
clots [25]. Laboratory synthesized organo-sulphur compounds 
such as hydrazine carbodithioate also showed biological 
activities such as antifilarial [26], anti-HIV [27], antimicrobial 
and anticancer [28]. From the above facts, a novel hydrazine 
carbodithioate derivative of 2,6-diarylpiperidin-4-one was 
synthesized and studied for its in silico drug likeness and in 
vitro anticancer properties. The molecular structure of the 
newly synthesized compound was elucidated using spectral 
techniques. The in silico studies was carried out for the new 
compound 1 using SwissADME online tool to analyse its 
physiochemical properties, lipophilicity, water solubility, 
pharmacokinetics, drug likeness and medicinal chemistry 
properties. In order to investigate the anticancer properties of 
the novel sulphur containing scaffold, the compound (1) was 
tested against the liver cancer cell line, Hep G2 using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
assay. 

2. Material and Methods  

2.1 Instrumentation and General Techniques 

The melting point was determined in an open capillary 
tube and is uncorrected. Infrared spectrum was recorded on 
Thermo Nicolet FT–IR model iS5 spectrophotometer using 
KBr pellet. The NMR spectra were recorded at 400 MHz Bruker 
instruments using Tetramethylsilane (TMS) as an internal 
standard. Deuterated chloroform was used to record NMR 
spectra and the chemical shifts are reported in δ units (parts 
per million) relative to the standard. Mass spectrum was 
recorded on Thermo Nicolet Exactive Plus mass 
spectrometer. All reactions were monitored by thin-layer 
chromatography using silica gel pre-coated aluminium sheets 
of Merck TLC 60 F254 and visualized in a UV light chamber. 
All reactions were carried out using analytical grade solvents 
without further purification. 

2.2 Synthetic Procedures 

2.2.1 Preparation of Methyl Dithiocarbazinate (Ib) 

To the cold mixture of potassium hydroxide (0.084 g, 1.5 
mmol.), absolute ethanol (10 mL), and hydrazine hydrate 
(0.048 g, 1.5 mmol.), carbon disulfide (0.114 g, 1.5 mmol.) was 
added dropwise while maintaining the temperature at 5 ºC. 
The potassium salt of dithiocarbazinate formed was 
methylated with ice-cooled iodomethane (0.234 g, 1.65 
mmol.) at <5 ºC and the reaction mixture was allowed to stir 
for an additional 90 minutes. The white precipitate formed 
was collected and recrystallized from chloroform [29]. 

 

2.2.2 Preparation of 3-methyl-2,6-diphenylpiperidin-4-one 
(IIa)  

The compound IIa was synthesized by Mannich 
condensation of aromatic aldehyde, ketone and ammonium 
acetate in ethanol. A mixture of benzaldehyde (0.212 g, 2.0 
mmol), butanone (0.072 g, 1.0 mmol) and ammonium acetate 
(0.077 g, 1.0 mmol) in ethanol (30 mL) was heated at 60 ºC for 
5 minutes. The mixture was kept at room temperature for 12 
hours. Diethyl ether (40 mL) was added followed by 
concentrated hydrochloric acid (25 mL) and cooled in ice 
water. The hydrochloride salt precipitated was filtered and 
washed with ethanol:ether (1:5, 20 mL) mixture. The washed 
salt was suspended in acetone (10 mL) and the liquid 
ammonia (5 mL) was added dropwise to make it alkaline. The 
precipitate formed on dilution with distilled water was filtered, 
dried and recrystallized from absolute ethanol [30,31].  

 

2.2.3 Procedure for the synthesis of the compound 1 

In a 100 mL RB flask, compound IIa (0.265 g, 1.0 mmol) 
was dissolved in methanol (20 mL). Methyl dithiocarbazinate 
Ib (0.122 g, 1.0 mmol) and concentrated hydrochloric acid (0.2 
mL) were added to the reaction mixture and allowed it to reflux 
for 2 hours. The completion of reaction was confirmed by thin-
layer chromatography and the reaction mixture was cooled to 
room temperature. The solid separated was filtered and the 
crude product was recrystallized from methanol. The spectral 
data of compound 1 were given below  

(E)-methyl-2-(3-methyl-2,6-diphenylpiperidin-4-
ylidene)hydrazinecarbodithioate: Chemical Formula: 
C20H23N3S2; White powder; Yield: 0.288 g, 78%; mp: 172–174 
ºC; FTIR (KBr) (νmax, cm-1): 3295, 3440 (NH), 2871, 2928, 2963 
(aliphatic C-H), 1533 (C=N), 1492, 1480 (C=S ); 1H NMR (400 
MHz, CDCl3, δ ppm): 0.95 (d, 3H, H3’a), 2.58 (s, 3H, H7), 2.03 
(s, 1H, H3a), 2.25 (t, 1H, H5a), 3.55 (d, 1H, H2a), 3.87 (d, 1H, 
H6a), 2.93 (d, 1H, H5e), 7.24-7.45 (m, 10H, Aromatic-H), 10.15 
(s, 1H, NH); 13C NMR (125 MHz, CDCl3): δ 12.0 (CH3, C-3’), 17.7 
(CH3, C-7), 36.2 (CH2, C-5), 45.6 (CH, C-3), 60.9 (CH, C-6), 69.1 
(CH, C-2), 126.7-128.7 (Aromatic carbons), 157.4 (C=N, C-4), 
142.2, 142.6 (ipso carbons), 201.6 (C=S, C-8); HRMS (M+Na): 
392.1233. 

 

2.3 In Silico ADME studies 

The SwissADME web tool was used to predict the drug 
likeness of compound 1. The tool was freely accessible at 
http://www.swissadme.ch and meant for user-friendly 
submission and easy analysis of the results, also for non-
experts in CADD (Computer Aided Drug Design). In 
comparison to the state-of-the-art free web-based tools for 
ADME and pharmacokinetics, and in addition to having 
exclusive access to expert methods, this CADD tool was 
developed by the Molecular Modeling Group of the SIB, Swiss 
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Institute of Bioinformatics. In this study, the novel compound 
(1) was subjected to in silico ADME (Absorption, Distribution, 
Metabolism and Excretion) prediction for the following 
properties [32]. 

 

2.3.1 Physicochemical properties 

SwissADME's physicochemical properties section offered 
a range of predictions for molecular properties that impact the 
pharmacokinetics and pharmacodynamics of small 
molecules. These predictions included key properties such as 
molecular weight, logP (lipophilicity), number of atomic heavy 
atoms, hydrogen bond donors and acceptors, refractivity, 
fraction Csp3, TPSA (topological polar surface area), and 
number of rotable bonds. These predictions were widely 
accepted as useful descriptors in various models and rules for 
quick estimating of important ADME properties such as 
absorption and brain access.  

 

2.3.2 Lipophilicity 

The lipophilicity of compounds was found to affect their 
ability to cross biological barriers and access certain targets. 
Compounds with high lipophilicity were observed to have 
better membrane permeability and were able to cross 
biological barriers more easily, but they were also more prone 
to non-specific binding and accumulation in lipid-rich tissues. 
In contrast, compounds with low lipophilicity were found to 
have lower bioavailability and limited access to certain 
targets, but were less likely to cause off-target effects or 
toxicity. The Swiss ADME platform provided access to five 
predictive models that were freely available, including 
XLOGP3, which was an atomistic method that used corrective 
factors; WLOGP, which was a purely atomistic method based 
on the fragmental system; MLOGP, which was a topological 
method dependent on a linear relationship that was 
implemented with 13 molecular descriptors; SILICOS-IT, 
which was a hybrid method dependent on 27 fragments and 7 
topological descriptors; and iLOGP, which was a physics-
based method that used the Generalized-Born and solvent 
accessible surface area (GB/SA) model to calculate free 
energies of solvation in n-octanol and water. The platform 
also provided the consensus log Po/w value, which was the 
average of the predicted values from all five methods. 

 

2.3.3 Water Solubility 

Water solubility was considered an important property in 
drug discovery because it influenced the bioavailability and 
pharmacokinetic properties of a compound. In SwissADME, 
water solubility was predicted using three models: (i) the ESOL 
(Estimated SOLubility) model, (ii) a model from Ali et al., and 
(iii) SILICOS-IT, a machine learning-based approach. These 
models were trained on a large dataset of experimentally 
measured solubility values. All predicted values were the 
decimal logarithm of the molar solubility in water (log S). 
SwissADME also provided solubility in mol/L and mg/mL, 
along with qualitative solubility classes. 

 

2.3.4 Pharmacokinetics 

In the pharmacokinetics section, the particular ADME 
properties of the organic compound under investigation were 
evaluated. The predictions for passive human gastrointestinal 
absorption (HIA) and blood-brain barrier (BBB) permeation 
both consisted of the readout of the BOILED-Egg model, an 
intuitive graphical classification mode. The information of 

compounds was substrate or non-substrate of the 
permeability glycoprotein (P-gp) was key to appraise active 
efflux through biological membranes, for instance from the 
gastrointestinal wall to the lumen or from the brain. In this 
prediction, five major inhibitors (CYP1A2, CYP2C19, CYP2C9, 
CYP2D6, CYP3A4) and Log Kp (skin penetration coefficient) 
were studied. These models were estimated to be important 
ADME behaviours and were of great support for 
pharmacokinetics optimization and evaluation of small drug-
like organic compounds. 

 

2.3.5 Druglikeness 

The druglikeness of the organic compounds was predicted 
based on five rule-based filters namely, Lipinski, Ghose, Veber, 
Egan, and Muegge [33]. The rules are defined as, 

(i) Lipinski’s rule includes molecular 
weight ≤ 500, MLOGP (lipophilicity) ≤ 
4.15, hydrogen bond acceptors ≤ 10 and 
hydrogen bond donors ≤ 5. 

(ii) Ghose’s rule includes 160 ≤ molecular 
weight ≤ 480, −0.4 ≤ WLOGP 
(lipophilicity) ≤ 5.6, 40 ≤ the molar 
refractivity ≤ 130 and 20 ≤ number of 
atoms ≤ 70. 

(iii) Veber’s rule includes the number of 
rotatable bonds ≤ 10 and the total polar 
surface area ≤ 140. 

(iv) Egan’s rule includes WLOGP 
(Lipophilicity) ≤ 5.88 and the total polar 
surface area ≤ 131.6. 

(v) Muegge’s rule includes 200 ≤ molecular 
weight ≤ 600, −2 ≤ XLOGP3 (lipophilicity) 
≤ 5, the total polar surface area ≤ 150, 
the number of rings ≤ 7, the number of 
carbons > 4, the number of heteroatoms 
> 1, the number of rotatable bonds ≤ 15, 
the hydrogen bond acceptors ≤ 10 and 
the hydrogen bond donors ≤ 5. 

 

2.3.6 Medicinal Chemistry 

The purpose of this section is to help medicinal chemists 
in their daily drug discovery endeavours. This section had 
included four parameters: (i) PAINS (pan assay interference 
compounds), which indicated the organic compounds 
containing substructures showing potent response in assays 
irrespective of the protein target; (ii) Brenk, information on 
putatively toxic, chemically reactive, metabolically unstable or 
that bore properties responsible for poor pharmacokinetics; 
(iii) Leadlikeness, which indicated properties similar to drug-
likeness, focusing on physicochemical boundaries defining a 
good lead, and (iv) Synthetic accessibility (SA), where the 
fragmental contributions to SA were summed and corrected 
by the terms describing size and complexity, such as 
macrocycles, chiral centres, or spiro functions. This SA score 
had demonstrated how this simple and fast methodology 
could help prioritize molecules to synthesize. The important 
numerical data of in silico analysis for compound 1 are 
tabulated in Table 1 and the detailed data is given in the 
supplementary material (Table S1). 

 

2.4 In Vitro Anticancer Studies 

The cytotoxic effect of the synthesized compound 1 on the 
human hepatoma cell-line, Hep G2, was evaluated through 
MTT assay as described earlier [34]. Human hepatoma cell-
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line, Hep G2, was obtained from the National Centre for Cell 
Science, Pune, India. The synthesized compound (1) was 
dissolved quantitatively in dimethyl sulfoxide (DMSO, Sigma, 
USA) and diluted to make the stock solution. Hep G2 cells 
were seeded at a density of 5×103 cells per well into 96-well 
plates. The cells were treated with compound 1 at various 
concentrations, viz., 10 µM, 20 µM, 30 µM, 40 µM, 50 µM, 60 
µM, 70 µM, 80 µM, 90 µM and 100 µM and incubated for 24 
hours and 48 hours, respectively. The cells were then assayed 
by the addition of 20 µL of MTT (5 mg mL-1 in phosphate-
buffered saline) per well and incubated in the dark at 37 ºC for 
3 hours. The purple formazan crystals formed after 3 hours 
were dissolved in 100 µL of DMSO after aspirating the MTT 
and incubated for a further 10 minutes. The mitochondrial 
dehydrogenase in viable cells that reduces MTT to blue 
formazan product was measured at 570 nm (measurement) 
and 630 nm (reference) using a 96-well plate reader (Bio-Rad, 
Hercules, CA, USA). Data were collected from six independent 
experiments and used to calculate the respective means. The 
percentage of inhibition was calculated from the data using 
the following formula:  

[(Mean absorbance of treated cells) / (Mean absorbance 
of sham control cells) × 100] 

 

Table 1. The in silico ADME prediction results for compound 1 
using SwissADME tool. 

Physiochemical Properties 

1 Formula C20H23N3S2 
2 Molecular Weight 369.55 
3 Number of heavy atoms 25 
4 Number of aromatic heavy atoms 12 
5 Number of rotatable bonds 5 
6 Number of H-bond acceptors 2 
7 Number of H-bond donors 2 
8 Topological polar surface area 93.81 

Lipophilicity 

9 Consensus Log Po/w  3.92 

Water Solubility 

10 Silicos-IT LogSw -6.73 

Pharmacokinetics 

11 GI absorption High 
12 BBB permeant No 
13 CYP1A2 inhibitor Yes 
14 CYP2C19 inhibitor Yes 
15 CYP2C9 inhibitor Yes 
16 CYP3A4 inhibitor Yes 

Druglikeness 

17 Lipinski number of violations 0 
18 Ghose number of violations 0 
19 Veber number of violations 0 
20 Egan number of violations 0 
21 Muegge number of violations 0 

 

3. Results and Discussion 

The derivatives of piperidin-4-ones are of considerable 
interest because of their diverse biological activities such as 
anticonvulsant, antioxidant, anticancer, analgesic and so on 
[35,36,37]. Several multicomponent reaction procedures were 
reported to synthesis piperidin-4-one derivatives [38]. In this 
study, 3-methyl-2,6-diphenylpiperidin-4-one (IIa) was 
synthesized by Mannich condensation with butanone, 
benzaldehyde, and ammonium acetate in 1:2:1 ratio in 
ethanol. The compound methyl dithiocarbazinate (Ib) was 
obtained by reacting hydrazine hydrate with carbon disulfide 
in the presence of potassium hydroxide and the 

dithiocarbazinate salt (Ia) formed was methylated with methyl 
iodide at lower temperature. The title compound (1) was 
synthesized in good yields by refluxing 3-methyl-2,6-
diphenylpiperidin-4-one (IIa) and methyl dithiocarbazinate (Ib) 
in methanol in the presence of the catalytic amount of 
concentrated hydrochloric acid (Scheme 1). 

 

 

Scheme 1 Synthesis of novel hydrazine carbodithioate 
derivative (1) of piperidone 

 

3.1 FT-IR and Mass spectral analyses of compound 1 

In the FT-IR spectrum of compound 1, (Figure S1 in the 
Supplemental Materials) the bands appeared in the region of 
3295 cm-1 and 3440 cm-1 owing to the –NH- groups of the 
compounds. The absorptions in the region 2871-2963 cm-1 are 
due to the aliphatic and the aromatic CH stretching of 
compound 1. The C=N stretching of the compound was 
confirmed by the presence of a sharp band observed in the 
region 1533 cm-1. The sharp band at 1492 cm-1 and 1480 cm-

1 correspond to the C=S and C-S stretching respectively. The 
presence of C=N, C=S stretching bands and the absence of 
carbonyl group band around 1700 cm-1 confirmed the 
formation of the targeted compound. Mass spectrum (Figure 
S2) of compound 1 shows a peak at 392.1233 which 
confirmed the product formation and its purity. 

 

3.2 1H and 13C NMR spectral analyses of compound 1  

The numbering pattern followed for compound 1 to 
explain NMR spectra is given in figure 1. The 1H NMR 
spectrum of compound 1, (Figures S3 and S4 in the 
Supplemental Materials) showed a doublet at 0.95 ppm with 
three protons integral is assigned to methyl group protons at 
C3 of the piperidone ring. Similarly, the presence of S-CH3 
methyl protons was confirmed by a singlet at 2.58 ppm with 
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three protons integral. The H-3a proton resonated as a broad 
singlet at 2.03 ppm with one proton integral. The triplet 
appeared at 2.25 ppm with one proton integral assigned to H-
5a proton. The peaks for two benzylic protons H-2a and H-6a 
appeared at 3.55 ppm and 3.87 ppm as doublets with one 
proton integral each. The doublet at 2.93 ppm is 
corresponding to the equatorial proton H-5e. The phenyl 
protons of compound 1 are resonated at the aromatic region 
of the spectrum 7.24-7.45 ppm and the sharp singlet that 
appeared in the deshielded region at 10.15 ppm is assigned to 
the –NH proton of piperidyl ring. 

 

 

Fig. 1. Numbering pattern of compound 1 followed for the 
spectral explanations. 

 

In the 13C NMR of compound 1, (Figure S5 in the 
Supplemental Materials) the signal obtained at 12.0 ppm is 
assigned to methyl group carbon at C3 of the piperidone ring. 
The signal for S-CH3 methyl carbon is observed at 17.7 ppm. 
The signals 36.2, 45.6, 60.9 and 69.1 ppm appeared in the 
aliphatic regions are assigned for C5, C3, C6 and C2 carbons 
respectively. The signals of phenyl carbons attached to the 
piperidyl ring were observed at 126.7-128.7 ppm whereas the 
C4 carbon signal appeared at 157.4 ppm. The two signals at 
142.2 and 142.6 ppm observed due to ipso carbons. The 
deshielded region signal at 201.6 ppm is assigned for C=S 
carbon of compound 1.  

 

3.3 In Silico Studies 

The in silico drug likeness properties of the novel 
compound were analysed using SwissADME online tool. 
Swiss ADME is an online tool of Swiss institute of 
bioinformatics was used to identify particular ADME 
behaviours of the synthesized compound (1). The predictions 
and analysis were based on the numerical data obtained 
under the headings (i) physiochemical properties, (ii) 
lipophilicity, (iii) water solubility, (iv) pharmacokinetics and (v) 
medicinal chemistry. The drug likeness of compound 1 was 
evaluated using SwissADME web tool. The results included a 
bioavailability radar which represents six physicochemical 
properties: (i) Lipophilicity (XLOGP3 between −0.7 and +5.0), 
(ii) size (molecular weight between 150 and 500 g/mol), (iii) 
polarity (the total polar surface area between 20 and 130 Å2), 
(iv) solubility (log S not higher than 6), (v) saturation (fraction 
Csp3 not less than 0.25), and (vi) flexibility (the number of 
rotatable bonds not more than 9). The bioavailability radar of 

compound 1 and upon interaction for six physicochemical 
properties was shown in Figure 2a. The efficiency of the 
BOILED-Egg method in predicting human blood-brain barrier 
(BBB) penetration and gastrointestinal absorption was also 
demonstrated. The BOILED-Egg representation of compound 
1 created by SwissADME is displayed in Figure 2b. This 
method is based on the compound's lipophilicity (WLOGP) 
and polarity (topological polar surface area, TPSA). Molecules 
located in the yellow region (BOILED-Egg's yolk) were 
predicted to permeate the BBB passively, while those in the 
white region (BOILED Egg's white) were predicted to be 
passively absorbed by the gastrointestinal tract. Blue (PGP+) 
and red (PGP-) dots indicated organic compounds that were 
predicted to be effluxed and not effluxed from the central 
nervous system by P-glycoprotein, respectively. 

 

 

Fig. 2. (a) The Bioavailability Radar of compound 1 from 
SwissADME web portal; (b) The BOILED-Egg method of 

representation showed the position of compound 1 in the 
WLOGP-versus-TPSA graph. 

 

In the bioavailability radar (Figure 2a), the pink area 
represented the optimal range of these properties, and the red 
line represented the properties of the compounds. The 
bioavailability radar figure showed that the red lines of the 
synthesized compound (1) were in the range of the pink area. 
Therefore, it was concluded that compound 1 was predicted 
orally as bioavailable. According to the BOILED-Egg prediction 
generated by SwissADME for compound 1 (Figure 2b), the 
molecule was located in the white region with a blue point. 
This indicated that the compound 1 was likely to be absorbed 
by the gastrointestinal tract and unable to pass through the 
BBB. Additionally, the blue point signified that the compound 
was PGP+, and effluxes from the central nervous system by 
the P-glycoprotein. 

Using the Silicos IT LogSw descriptor of SwissADME, the 
water solubility of compound 1 was predicted and its LogSw 
values were determined to be −6.73. According to the 
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SwissADME LogSw scale, compounds with values less than 
(more negative than) −6 were classified as poorly soluble. The 
assessment of lipophilicity was conducted through the 
prediction of the logarithm of the n-octanol/water partition 
coefficient using the Consensus LogPo/w descriptor of 
SwissADME. To achieve good oral bioavailability, which 
entails good permeability and solubility, a moderate logP 
value between 0 and 3 was recommended [39]. The predicted 
value of LogPo/w for compound 1 was 3.92. SwissADME was 
employed to estimate the metabolism of the synthesized 
compound by inhibiting the principal cytochromes (CYP) of 
the P450 superfamily, including CYP1A2, CYP2C19, CYP2C9, 
CYP2D6, and CYP3A4. CYP enzyme inhibition, a primary 
mechanism for drug–drug interactions based on metabolism, 
involved competition with other drugs for the same enzyme 
binding site. The inhibition of enzymes impairs the 
biotransformation or clearance of clinically used drugs, 
including several anticancer agents, leading to elevated 
plasma levels of drugs that affect the therapeutic outcome. In 
the case of a prodrug, the effect is reduced. Therefore, the 
inhibition of CYPs resulted in drug toxicity or lack of efficacy 
[40]. CYP2C19 was responsible for metabolizing several drugs 
and plays a role in the detoxification of potential carcinogens 
or bioactivation of some environmental procarcinogens [41]. 
Drugs with a narrow therapeutic index were primarily 
metabolized by CYP2C9 [42]. CYP2D6 was highly 
polymorphic, and its metabolism varies; individuals with 
reduced or no activity of this enzyme were at risk of reduced 
drug efficacy or adverse effects [43]. The predicted outcomes 
suggested that compound 1 was likely to inhibit CYP1A2, 
CYP2C19, CYP2C9, and CYP3A4, but not CYP2D6. Finally, 
compound 1 underwent drug-likeness prediction using five 
different rule-based filters, namely Lipinski, Ghose, Veber, 
Egan, and Muegge. The evaluation showed that the compound 
complied with all rules and did not violate any of them, 
indicating good drug-likeness. 

 

3.4 In Vitro Biological Studies 

The anticancer activities of the compound 1 were 
evaluated against liver cancer cell lines, Hep G2 through MTT 
assay. The minimum concentrations of the compound 1 that 
inhibited 50% of cell growth (IC50) in µM were calculated. The 
inhibitory effects of the novel compound 1 on Hep G2 cell line 
after 24 hours and 48 hours are shown in Figure 3. Compound 
1 showed a good inhibition of cell viability against Hep G2 cell 
lines, obtaining IC50 values (µM) 34.33 ± 0.79 for 24 hours, and 
27.64 ± 1.42 for 48 hours respectively. 

 

 

Fig. 3. IC50 range of compound 1 against human liver cancer 
cell line, Hep G2. Data shown are the mean values from six 

independent experiments. 

 

The anticancer studies clearly indicated that the hydrazine 

carbodithioate derivatives (1) of piperidone inhibited cell 
viability against liver cancer cell lines at micromolar 
concentrations. The carbodithioate and piperidone scaffolds 
play an important role in inhibiting the tested cell line, Hep G2. 
The results showed that the compound (1) exhibited 
significant inhibition against liver cancer cell line with IC50 
values 34.33 ± 0.79 for 24 hours, and 27.64 ± 1.42 for 48 hours 
respectively. The anticancer studies revealed that the 
hydrazine carbodithioate derivative of piperidone (1) with 
organosulphur atoms, piperidone scaffold and aromatic 
phenyl rings showed inhibitory activities against Hep G2 cell 
line. 

4. Conclusions  

In conclusion, a convenient and effective method was 
reported to synthesize hydrazine carbodithioate derivative (1) 
of piperidone with good yield. The absorption peaks obtained 
from FTIR spectrum, mass spectrum and the chemical shifts 
obtained from NMR spectra confirmed the structure of the 
novel compound. The in silico ADME studies of the novel 
piperidone derivative using SwissADME tool was predicted 
orally as bioavailable. The compound was likely absorbed by 
the gastrointestinal and not permeated through the BBB. The 
in silico scores obtained for physiochemical properties, 
lipophilicity, water solubility, and pharmacokinetics supported 
the drug-likeness of the newly synthesized compound. 
Furthermore, in the evaluation of anticancer studies, 
compounds 1 exhibited significant inhibition against Hep G2 
cancer cell line with IC50 values 34.33 ± 0.79 for 24 hours, and 
27.64 ± 1.42 for 48 hours respectively. In summary, the newly 
synthesized hydrazine carbodithioate derivative of piperidone 
demonstrated promising in silico ADME and anticancer 
properties, highlighting its potential as a lead compound for 
further drug development. 

Supporting Information 

Spectra images and the in silico results of compound 1 
(.doc). 
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