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Abstract: A series of some new Triazole derivatives was synthesized from substituted aryl
isocyanate. Synthesized compounds were characterized through infrared, proton nuclear magnetic
resonance, and Mass spectroscopy. The synthesized derivatives were evaluated in vitro for their
cytotoxic activity against MCF-7 cell lines. The compound AM 4B exhibited a strong cytotoxic
effect against MCF -7 with IC 50 of of 29.39 pg/mol. Furthermore, toxicity and ADMET
calculations were performed for the synthesized compounds to study their pharmacokinetic
profiles.
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Introduction

With ongoing attempts to assess its biochemistry, regulation, and contribution to cellular processes
under physiological and pathological situations, the c-Jun N-terminal kinase family (JNK) has
continued to be a topic of great study interest. One of the three families of mitogen-activated
protein (MAP) kinases that have been found is the JNK family of protein kinases. JINK1 (MAPKS),
JNK2 (MAPK?9), and INK3 (MAPK3) are three genes (MAPK10) [1].

A wide range of human tissues express JNK1 and JNK2 always. JNK1 and JNK2 [4] have been
linked to the emergence of diabetes, obesity, arthritis, cancer, and heart disease, according to recent
studies[2,5]. JNK1 appears to contribute to the onset of obesity-induced insulin resistance,
suggesting that inhibiting JNK1 may be a useful treatment for type 2 diabetes [6,7]. Numerous
autoimmune illnesses, including rheumatoid arthritis, asthma, and cancer, as well as a wide
spectrum of conditions with an inflammatory component, have been linked to JNK2 [5,8]. INK3
has a significant role in Alzheimer's disease [9], Parkinson's disease, and stroke and is largely
expressed in the central nervous system (CNS) [3,10,11]. Therefore, the development of JNK
inhibitors as therapeutic drugs has attracted a great deal of interest during the past several years.
JNK inhibitors may have significance in many therapeutic domains [12-17].

Experimental: Instruments and Materials:

Solvents and other reagents were employed in the synthesis of the target compounds in this work.
These ingredients were provided by commercial vendors and used without additional purification.
On 0.25 mm silica gel plates (60GF-254), reactions were observed by thin-layer chromatography
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(TLC) and observed under UV light (254 or 365 nmol/L). The Infra-red Spectroscopy were
obtained on Jasco FTIR 4600. Tetramethylsilane (TMS) was used as the standard to measure the
1H nuclear magnetic resonance (NMR) spectra on a Brucker spectrometer (400 MHz or 300 MHz)
at 25 °C. The chemical shifts are reported relative to the solvent line, which serves as the internal
standard, and are expressed as values (parts per million). The following order in which splitting
patterns were displayed: A multiplet m, singlet s, a doublet d or a triplet t. Mass spectrometer
(MS) spectra were acquired on an Agilent G 6160.

General method for synthesis of arylhydrazine carbothioamide: 18-19

A mixture of aryl-3-carbohydrazide 1 (0.01 mol) and the properly substituted phenyl
isothiocyanate (0.01 mol) was heated under reflux for 6 hours in 40 mL of ethanol. The reaction
mixture was cooled, the resulting solid was filtered, diethyl ether washed to remove any remaining
isothiocyanate, water washed to remove any remaining hydrazine, dried, and crystallised from the
ethanol.

General method for synthesis of substituted aryl-1,2,4-Triazol:

A solution of the appropriate carbothioamide AM1A-AM1E (0.01 mol) in 1 N NaOH (30 mL)
was heated under reflux for 2 h. The solution was cooled and acidified to pH 5-6 with acetic acid.
The precipitate formed was filtered, washed with water and crystallized from solvent.

Scheme
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4-phenyl-5-(pyridin-3-yl)-4H-1,2,4-triazole-3-thiol (AM 4A)

% Yield: 85%; melting point: 265-268°C; IR (cm—1): 3096 (NH), 2916 (aromatic CH), 2360 (SH),
1593(C=N), 1326 (C=S); 1H-NMR (500 MHz, DMSO) ¢: 8.58 (d, 1H pyridine H-2), 8.49 (dd,
1H, pyridine H-6), 7.67 (m,1H pyridine H- 4), 7.52 (m,1H pyridine H- 5), 7.36—7.51(m, 5H, Ar-
H); m/z (%) 255.0 (M+1).

4-(3-chlorophenyl)-5-(pyridin-3-yl)-4H-1,2,4-triazole-3-thiol (AM 4B)

% Yield: 67%; melting point: 250-254°C; IR (cm—1): 3357 (NH), 2916 (aromatic CH), 2359 (SH),
1589(C=N), 1397(C=S), 770 (C-Cl); 1H-NMR (500 MHz, DMSOQ) ¢: 8.87 (d, 1H pyridine H-2),
8.56 (dd, 1H, pyridine H-6), 8.25 (m,1H pyridine H- 4), 7.63 (m,1H pyridine H- 5), 7.30-7.57 (m,
4H, Ar-H); m/z (%) 289.2 (M+1).

4-benzyl-5-(pyridin-3-yl)-4H-1,2,4-triazole-3-thiol (AM 4C)
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% Yield: 73%; melting point: 278-280°C; IR (cm—1): 3109 (NH), 2914 (aromatic CH), 2360 (SH),
1515 (C=N), 1343(C=S); 1H-NMR (500 MHz, DMSO) §: 8.69 (d, 2H pyridine H-2, H-6), 7.96
(d,1H pyridine H- 4), 7.50 (m,1H pyridine H-5), 5.39(M, 1H, CH) 7.00-7.27 (m, 4H, Ar-H); m/z
(%) 269.2 (M+1).

4-(4-fluorophenyl)-5-(pyridin-3-yl)-4H-1,2,4-triazole-3-thiol (AM 4D)

% Yield: 78%; melting point: 240-242°C; IR (cm—1): 3115 (NH), 3035 (aromatic CH), 2681 (SH),
1509 (C=N), 1331 (C=S), 1027 (C-F); 1H-NMR (500 MHz, DMSO) ¢: 8.61 (d, 1H pyridine H-2),
8.53 (dd, 1H, pyridine H-6), 7.66 (m,1H pyridine H- 4), 7.49 (m,2H pyridine H- 5, 1H Ar), 7.33—
7.49 (m, 3H, Ar-H); m/z (%) 273.1 (M+1).

4-(4-nitrophenyl)-5-(pyridin-3-yl)-4H-1,2 4-triazole-3-thiol (AM 4E)

% Yield: 55%; melting point: 232-235°C; IR (cm—1): 3324 (NH), 2916 (aromatic CH), 2360 (SH),
1590 (C=N), 1249 (C=S), 1497 (N-O); 1H-NMR (500 MHz, DMSOQ) ¢: 8.02 (m, 2H pyridine H-
2, H-6), 7.87 (m, 2H, pyridine H-4, H- 5), 5.83-7.6.60 (m, 4H, Ar-H); m/z (%) 300.2 (M+1).

Biological Evaluation

Antiproliferative Activity: 20

Using the MTT assay, the antiproliferative properties of all the synthesized triazole derivatives
were evaluated against the MCF-7, breast cancer cell line. In a nutshell, MCF-7 cells were grown
in RPMI11640 media with 10% FBS for 24 hours before being exposed to drugs. The cells were
then plated with per cell 4,000-5,000 into 96-well plates for MCF-7 cells. The synthesized
compounds were weighed and dissolved in DMSO, then diluted to the required quantities. The test
chemicals were applied to cells at final concentrations of 100, 40, and 10pg/mL and incubated for
24 hours. Then, 20 pL of each well received a concurrent addition of 0.5% MTT solution, which
was then incubated for 4 hours at 37 °C. DMSO (150 L) was poured into solution which dissolves
the crystal of formazan. The absorbance of each sample was measured using a microplate reader
(Benesphera E21) at a wavelength of 550 nm to evaluate the triplicate samples. The inhibition
ratios were used to determine the IC50 value.

The following equations was applied to assess the cell viability:
% Viability = (optical density of sample/optical density of control) x 100

Result

In vitro Anticancer Screening:

By using MTT assay against the tumour cell lines MCF-7, all 1,2,4 triazole derivatives that had
been produced were assessed for their in vitro antiproliferative properties. The findings showed
that all compounds examined, AM4A- AMA4E, had acceptable antiproliferative properties for
specific tumour cell lines.

The results were reported IC 50 value in Table 1. Among the five triazoles screened for
cytotoxicity in MTT assay against MCF-7 cell line, AM 4B exhibited excellent cytotoxicity with
IC50 values of 29.39 ug/mL. The halogen group in the phenyl ring probably might have augmented
the activity of AM 4B. The IC50 for the standard drug 5 FU was found to be 52.61 pg/mL.
Antiproliferative Activity:
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Table 1: Cytotoxicity of Compounds AM 4A — AM 4E against a Variety of Cancer Cell Lines
[IC50(ug/ml)]

IC50 Values (ng/ml)
Compound IC50 MCF -7
5FU 52.61
AM 4A 54.12
AM 4B 29.39
AM 4C 63.53
AM 4D 41.3
AM 4E 57.45

In silico Prediction of absorption distribution metabolism and elimination (ADME)
properties and drug-likeness [21-23].

To estimate the properties of absorption, distribution, metabolism, and elimination (ADME),
computational research of titled substances was conducted. Using the SWISS ADME online web
tool and the Molinspiration online property calculation tool set, researchers were able to compute
the total polar surface area (TPSA), Log P, the number of rotatable bonds, molecular volume, and
the number of hydrogen donor and acceptor atoms. Drug design utilizes the qualitative idea of
drug-likeness. The Lipinski Rule of Five [24], known as Pfizer’s or Lipinski’s rules, was described
in 1997 by Christopher Lipinski which considers molecular weight, hydrophobicity, and the
number of hydrophilic groups, must be followed to determine drug-likeness. A synthetic
compound's drug-likeness features were evaluated using the SWISS ADME Web tool.

TPSA, drug likeness, and pharmacokinetic properties

A bioactive molecule's high oral bioavailability is crucial for the development of the molecule as
a medicinal treatment. Important predictors of this feature are good intestine absorption, reduced
molecule flexibility, low polar surface area, or total hydrogen bond count (some of the donors and
some of the accepters) [25]. Any compound's bioactivity is generated and determined in large part
by its physicochemical properties. A few fundamental molecular descriptors, such as the partition
coefficient (log P), molecular weight (Mw), or the amount of hydrogen bond acceptors and donors
in the molecule, are invariably associated with certain molecular features, such as membrane
permeability and bioavailability [26].

According to the rule, the majority of molecules with strong membrane permeability have log P
values of 5, Mw values of 500, ten hydrogen bond acceptors, and five hydrogen bond donors. This
criterion is frequently applied as a screening for drug attributes. Another factor that can be used to
describe the permeability of drugs is hydrogen bonding capability [27]. When the chemical
possesses more than five H-bond donors and more than ten H-bond acceptors, poor penetration or
absorption is more likely.
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In the present study, 1,2,4 Triazole derivatives have a number of H-bond acceptors (< 10) and a
lower number of hydrogen bond donors (< 5) (Table 2). When it comes to conformational
flexibility and binding acceptors or passageways, the quantity of rotatable bonds is crucial.
The minimum allowed number of rotatable bonds for oral bioavailability is 10. The title compou-
nds demonstrate significant conformational flexibility because they have a high number of rotate
-ble bonds (0-5) [28].

An especially useful metric for predicting drug transport characteristics is the molecular polar su
rface area (PSA), which is the sum of the surfaces of polar atoms in a molecule (often oxygen, ni
trogen, and associated hydrogen). Drug absorption, including stomach absorption, bioavailability
, CaCO2 permeability, and bloodbrain barrier permeability, has been characterised by topologica
| polar surface area (TPSA). (Table 3).

One straightforward topological parameter that assesses molecular flexibility is the number of rot
atable bonds (nrotb).

Any single nonring bond that is bound to a nonterminal atom and is referred to as a rotatable bon
d has been demonstrated to be an excellent indicator of a drug's oral bioavailability. The drug lik
eness score was calculated by MolSoft and combined the effects of a compound's ph-
ysicochemical characteristics, pharmacokinetics, and pharmacodynamics.

The Milog P (logarithm of the octanol/water partition coefficient), molecular weight, number of
heavy atoms, number of hydrogen donors, number of hydrogen acceptors, number of violations,
number of rotatable bonds, and volume were taken into account while calculating the drug simila
rity score. Based on GPCR ligand (GPCRL), ion channel modulator (ICM), nuclear receptor
legend (NRL), and kinase inhibitor bioactivity scores, isolated substances are compared to
conventional drugs. (Table 4).

Boiled EGG PLOT analysis

Besides ADMET, effectiveness, and toxicity, weak bioavailability and pharmacokinetics are the
outcomes of drug development failures. The two most important pharmacokinetic activities that
must be evaluated at various stages of the drug discovery procedures are gastrointestinal absorption
and brain access. Here, the Physicochemical properties of tiny compounds, such as polarity and
lipophilicity, are estimated using the Brain or IntestinaL EstimateD permeation technique
(BOILEDEQg) permeation predictive model diagram, including passive human gastrointestinal
absorption (HIA), blood-brain barrier (BBB) permeation. The analysis explains that a high BBB
crossing is possible when the established compound pitching occurs inside the yellow ellipse or
the yolk. The best virtual screened molecule, on the other hand, pitches inside the white ellipse,
indicating the potential for significant intestine absorption Figure 1. [29-30].

Intuitive analysis of the examined substances' bioavailability radars is possible (Figure 2).

The druglikeness graphs, which are specific to SwissADME, are presented in the shape of hexag
ons, with each vertex denoting a characteristic that characterises a bioavailable medication. Lipo
philicity (XLOGP3 between 0.7 and +5.0), size (MW between 150 and 500), polarity (TPSA bet
ween 20 and 130 AP, solubility (log S not higher than 6), saturation (fraction of carbons in the sp
3 hybridization not less than 0.25) and flexibility are the six properties that fall within the ideal ra
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nge shown by the pink regions (no more than nine rotatable bonds). The pink tone has a red disto
rted hexagon, which stands for drug-like qualities.

In silico Pharmacokinetic and Toxicity Prediction:

AdmetSAR software was used to estimate various ADMET properties of the best-established
compound. The compounds were submitted in SMILES file format for the computation. The
AMES toxicity test determines a substance's mutagenicity. In the case of the established
compound, a negative AMES toxicity test result was designated by the processed ligand compound
which indicates that the compound is non-mutagenic. Also, the virtual screened compound is
noncarcinogenic and it is showing a lower value. Here compounds Gl absorption and oral
bioavailability were predicted [31]. The toxicity study was performed using the Admet SAR online
server, which predicted that all derivatives were not mutagenic and neither were they carcinogenic,
rendering these acceptable for biological usage. In Table 5, the results of the toxicity prediction
computation were compiled. All derivatives have about the same acute toxicity in rats as standard.

Table 2: Lipinski parameters with absorption distribution metabolism elimination
properties and Drug likeness properties of synthesized 1,2,4 Triazole derivatives.

Physicochemical Properties Drug Likness

Compoun | Mol.wt | H- | H- [ Rot | Log | Total Lipi | Ghos | Vebe | Bioav | Synth

d acc |do |ata |p polar nski |e r aiabil | etic
ept | no | ble surface | viola | violat | violat | ity Access
er |r |bon area tions | ions |ions | Score | ibility

d (TPSA)

AM 4A 25431 |2 1 2 2.04 | 78.59 0 0 0 055 |2.36

AM 4B 288.76 | 2 1 |2 2.23 | 78.59 0 0 0 055 [249

AM 4C 268.34 |2 1 |3 2 78.59 0 0 0 055 |2.34

AM 4D 2723 |3 1 |2 2.12 | 78.59 0 0 0 055 |234

AM 4E 299.31 | 4 1 |3 162 112441 |0 0 0 055 |255

Table 3: Pharmacokinetic Prediction of synthesized 1,2,4 Triazole derivatives using SWISS
ADME

Compound | Gl Caco p-gp | CYP1A2 | CYP2C19 | CYP2D6
Absorption | absorption inhibitor | Inhibitor Inhibitor

AM 4A High Yes No Yes Yes No

AM 4B High Yes No Yes Yes No

AM 4C High Yes No Yes Yes No

AM 4D High Yes No Yes Yes No

AM 4E High Yes No Yes Yes No

Table 4: Molinspiration Bioactivity Score of synthesized 1,2,4 Triazole derivatives

Compound | GPCR | lon channel | Kinase Nuclear Protease | Enzyme
ligand | modulator Inhibitor | receptor ligand | inhibitor | inhibitor
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AM 4A -0.69 -0.60 -0.79 -1.19 -1.03 -0.58
AM 4B -0.64 -0.60 -0.75 -1.09 -1.03 -0.60
AM 4C -0.53 -0.68 -0.68 -0.84 -0.76 -0.34
AM 4D -0.60 -0.58 -0.66 -1.04 -0.96 -0.55
AM 4E -0.67 -0.59 -0.73 -1.01 -0.93 -0.61

Table 5: Toxicity prediction by using Admet SAR online web tool of synthesized 1,2,4
Triazole derivatives.

SrNo | Compound Ames Carcinogen | Acute Oral | Acute Toxicity
Mutagenesis Toxicity LD50 mol/Kg
1. |AM4A 0.6900 0.8500 111 0.7258 2.611
2. |AM 4B 0.7400 0.7919 1110.7024 2.368
3. |AM4C 0.6600 0.7800 111 0.6739 2.79
4. | AM 4D 0.6200 0.8219 111 0.6889 2.406
5. |AM4E 0.7900 0.8300 111 0.5677 2.392

Based on the obtained computational ADME and toxicity data synthesized 1,2,4 Triazole
derivatives compounds were chosen for in-vitro studies.

Hide BOILED-Egg Retrieve data: !

Figure 1: Boiled Egg Plot of most effective Virtual Screened and Established compound AM 4B.
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LIPO
FLEX SIZE
INSATU POLAR
INSOLU

Figure 2: Shows the bioavailability radar of compound AM 4B (pink area exhibits optimal range
of particular property) for the compounds under study: LIPO (lipophilicity as XLOGP3), SIZE
(size as molecular weight), POLAR (polarity as TPSA), INSOLU (insolubility in water by log S
scale), INSATU (insaturation as per fraction of carbons in the sp3 hybridization), and FLEX
(Flexibility as per rotatable bond).

Conclusion

The compounds were checked for lipinski’s rule and veber rule as drug likeness parameters. All
the compounds pass the lipinski rule of five, which guarantees that compounds will have higher
binding affinity on target and good oral bioavaibility. The novel heterocyclic compounds were
synthesized by conventional method with high yield and purity. All compounds were in conformity
with the structure envisaged. The structures were proved on the basis of, IR, HINMR and Mass
spectroscopy. Among the ten triazoles screened for cytotoxicity in MTT assay against MCF-7 cell
lines, AM 4B exhibited excellent cytotoxicity with IC50 values of 29.39 ug/mL. The halogen
group in the phenyl ring probably might have augmented the activity of AM 4B.
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