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Abstract

Targeting histone deacetylase enzymes (HDACS) is an effective way to treat a variety of diseases, including
cancer. Most of the clinically used HDAC inhibitors (HDACIs) are pan-inhibitors and have poor pharmacokinetic
properties. Therefore, several attempts are ongoing to develop new HDACIs with optimum structural features to
overcome the structural limitations. In this work, six new triazole-based compounds K1-K6 were proposed via
special modification of common pharmacophores of HDACI using 1,2,4-triazole as a zinc-binding group (ZBG),
diverse group in CAP group, and hydrophobic linker. These compounds were analyzed by docking studies against
HDAC6, HDAC?2, and HDACS. The docking studies revealed that the proposed compounds have docking scores
of K1 [(E)-4-((thiazol-2-ylimino)methyl)-N-(1H-1,2,4- triazol-3-yl)benzamide (-8.54 Kcal/mol)], K2 [(E)-4-
((phenylimino)methyl)-N-(1H-1,2,4-  triazol-3-yl)benzamide  (-8.47  Kcal/mol)], K3  [(E)-4-((p-
tolylimino)methyl)-N-(1H-1,2,4- triazol-3-yl)benzamide (-8.46 Kcal/mol)], K4 [(E)-4-((naphthalen-2-
ylimino)methyl)-N-(1H-1,2,4- triazol-3-yl)benzamide (-8.32 Kcal/mol)], K5 [(E)-4-(((4-
bromophenyl)imino)methyl)-N-(1H-1,2,4- triazol-3-yl)benzamide (-7.62 Kcal/mol)], K6 [(E)-4-(((4-
methoxyphenyl)imino)methyl)-N-(1H-1,2,4- triazol-3-yl)benzamide (-6.77 Kcal/mol)], and vorinostat (-9.1
Kcal/mol) against HDACS. The final compounds were synthesized using conventional organic synthesis methods
starting from amide bond formation using the coupling reagents EDCi, DMAP, HOBt, and DIPEA, followed by
a Schiff base reaction between the produced aldehyde and various amines to afford the final compounds. The
chemical structure for the intermediate and final compounds was characterized using IR and NMR spectroscopies.
The preliminary MTT assay of compounds K1, K2, and K5 showed a comparable antiproliferative activity with
vorinostat against HeLa cells with 1Cso values for compound K1 (4.9 uM), K2 (5.3 uM) and K5 (5.3 uM) while
ICso for vorinostat was (8.4 uM). Most interestingly, compound K5 showed a higher antiproliferative activity
against A549 lung cancer cells with an ICsp value (4.4 uM) in comparison to vorinostat (9.5 uM), while
compounds K1, K2, and K6 have lower cytotoxic effects with ICs of (19.2, 17.6, and 10.6 uM), respectively.
Keywords: HDAC inhibitor, Vorinostat, Molecular docking, MD simulation, Antiproliferative activity.

Introduction

Cancer is a disease characterized by (HDACs)®, It was discovered that many human
uncontrolled cell proliferation that might invade illnesses, including cancer and neurological
other body parts®. Epigenetics refers to a genomic disorders, are partly caused by aberrant epigenetic
mechanism that modifies gene expression reversibly changes. HDACs are enzymes catalysing the acetyl
without changing DNA sequences. There is a strong functional group subtraction from the histone lysine
correlation between epigenetic dysfunctions and side chain. In humans. eighteen HDAC enzymes
cancer. Epigenetic alterations are classified into four were identified which involve either zinc ion or
distinct mechanisms: DNA methylation, noncoding NAD* as cofactors®, Based on their similarity to
RNA regulation, histone modifications, and yeast HDACs, eleven of the eighteen HDACs are
chromatin  remodelling®.  Histone epigenetic zinc-dependent and are categorized into Classes I,
alterations are thought to be a broad area of inquiry 1, and IV. Class 11l HDACs are NAD-dependent
for the introduction of novel drug development HDACs and are called the sirtuins®.
strategies. Histones are subjected to acetylation and HDAC inhibition is correlated with cancer
deacetylatio by the opposite action of two enzymes treatment®.

called histone acetyl-transferases (HATSs) and
histone deacetylases
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Several HDAC inhibitors including vorinostat,
belinostat, romidepsin and panobinostat have been
approved by FDA for the treatment of
malignancies®.

Most of the FDA-approved HAD inhibitors
lack the selectivity and the penetration of solid
tumor®, HDAC inhibitors have three main
pharmacophoric moieties including, a
hydrophobic linker, a zinc-binding group (ZBG),
and a protein surface recognition moiety, also
known as the "cap" unit. Changing these
pharmacophoric moieties is a useful way to
introduce more potent and selective agents®. The
1,2,4-triazoles  derivatives  are  interesting
heteroaromatic ~ motif  with a  significant
bioactivity®. This five-membered ring exhibits
promising bioisosteric substitution for multiple
bioactive moieties. Many compounds under inquiry
and experimentation have the 3-amino-1,2,4-
triazole core®?. The aim of this work is to design
potential HDAC inhibitors compounds by making
modifications to the common pharmacophores of
FDA approved HDACI including the replacement of
the hydroxamate moiety of vorinostat with
heterocyclic 1,2,4-triazole ring as ZBG, inserting a
hydrophobic linker, and implantation of diverse cap
groups
Materials and Instruments

All starting materials and reagents were
provided from commercial sources without further
purification. The TLC technique was performed
using Merck KGaA TLC silica gel 60 254 sheets of
20*20 “reduced to 3*4cm”. The spot developing
was identified by a UV light lamp of 254 nm. The
FT-IR spectroscopy analysis was carried out using
the FT-IR affinity-1 spectrophotometer (Shimadzu,
Japan). Stuart's electric melting point device was
utilized to determine the melting point. 'H-NMR
analyses were performed using Bruker Avance III,
400 MHz machine implicating d6 -DMSO as the
solvent.

Molecular Docking

Docking studies were performed employing
a licensed Glide software embedded within the
maestro software from Schrodinger’s modeling
company version 13.01352, The reference
compound for modeling is vorinostat. The docking
process consisted of three main steps; protein
preparation, ligand preparation, and grid generation.
The crystal structure of Homosapien HDAC6 (PDB
ID: 5EDU), HDAC2 (PDB ID: 4LXZ), and HDAC8
(PDB ID: 1T69) proteins was downloaded from
protein data bank (PDB)®*)Click or tap here to
enter text.Click or tap here to enter text..
These proteins were prepared using the protein
preparation wizard tool in which bond order was
assigned, hydrogens were added, the missing loops
of protein were filled, water molecules that are not
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involved in the interaction (beyond 5 A from het
group) and non-essential atoms were deleted. The
second step includes the ligand preparation by
Ligperp tool to prepare ligands (K1-K6). Finally,
ligands were docked with prepared proteins in the
grid boundary box with 3-dimension of (10 A * 10
A ™10 A).
ADME study

The pharmacokinetic properties of intestinal
absorption, systemic distribution, metabolism,
excretion and toxicity can be also identified virtually
by ligand based ADME prediction using Qikprobe
software in Schrodinger Maestro @8, From the
Qikprobe panel all entries from the project table or
workspace from final docking must be chosen,
ensuring fast mode selection for ADME analysis and
then running QikProp in fast processing mode.
Molecular Dynamic (MD) Simulation

The molecular dynamic (MD) simulation
was performed using Desmond module version 2.0
10, to observe the stability of the ligand in the
binding pocket of the protein over a simulation time
of 50 nanoseconds (ns). The system was built up by
choosing an SPC water model in an orthorhombic

periodic box of dimensions of (10 A*10 A*10 A)

with OPLS-5 force field, then Na* and CI- ions were
added at neutral pH to neutralize the system then
added salts. MD simulations were performed by
loading the promising compounds from docking in
the MD panel and setting the simulation timing to 50
ns at a temperature of 300 K with a relaxation time
of 2 picoseconds (ps) and pressure at 1 bar.
Chemical Synthesis

Synthesis  of  [4-formyl-N-(1H-1,2,4-triazol-3-
yhbenzamide] (Comp. 1)

In a round bottom flask dissolve 4-
formylbenzoic acid (6 g, 40 mmol) and 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) (9.2 g,
48 mmol) in dichloromethane (DCM) (160 mL), and
stirred for 15 min at 0 °C, then added 2-amino-1,2,4-
triazole (3.36 g, 40 mmol), 1-hydroxy benzotriazole
(HOBt) (052 g9, 4 mmol), and 4-
dimethylaminopyridin (DMAP) (4.8 g, 40 mmol).
The mixture was allowed to stir at 0 °C for 2 h, and
at room temperature for 18 h. The reaction was
monitored by TLC®Click or tap here to enter

text.?9, After completion, the solvent was
removed, and the crude product was extracted from
200 mL of ethyl acetate and 200 mL of distilled
water. The organic layer was collected and dried.
The collected residue was purified through silica gel
column chromatography with ethyl-acetate/ n-
hexane (50:50) to obtain compound 1 as a white
crystal in 90% yield, m.p. 150-153 °C. FT-IR (ATR;
v, cm ') 3414 (N-H) stretching of amide, 3008 (C-
H) str. of the aromatic ring, 2862, 2762 aldehydes
(C-H) str., 1693 aldehyde (C=0) str., 1643 amide
(C=0) str., 1543 (C=C) aromatic ring str. *H-NMR
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(400 MHz, DMSO) 6 10.12 (s, 1H), 8.17 (d, J = 8.0
Hz, 2H), 8.05 (d, J = 8.0 Hz, 2H), 7.81 (s, 2H), 7.66
(s, 1H).
General procedure for the synthesis of compounds
(K1-K6)

For each reaction was dissolved compound 1
(1.08 g, 5 mmol) in 15 mL of absolute ethanol, then
5 drops of glacial acetic acid was added gradually to
the mixture, followed by the addition of one of the
following amines: 4-methoxyaniline (0.615 g, 5
mmol), 2-aminothiazole (0.5 g, 5 mmol), p-toluidine
(0.50 g, 5 mmol), aniline (0.46 g, 5 mmol), 4-
bromoaniline (0.86 g, 5 mmol), naphthylamine (0.71
g, 5 mmol), or phenyl hydrazine (0.54 g, 5 mmol),
separately. Each reaction mixture was refluxed for
10-12 h. Upon completion, the mixture for each
reaction was transferred into the ice bath for the
induction of precipitation. After that the precipitate
was washed with cold ethanol, left to dry overnight,
and recrystallized from ethanol V).
(E)-4-((thiazol-2-ylimino)methyl)-N-(1H-1,2,4-
triazol-3-yl) benzamide (K1)

Dark yellow crystals, yield 50%, m.p (265-
267 °C). FT-IR (ATR; v, cm™") 3190 (N-H) amide
stretching, 3074 (C-H) aromatic ring stretching,
1663 (C=0) str. of amide, 1620 (C=N) str. of imine
bond, 1562 (C=C) str. of aromatic ring. *H-NMR
(400 MHz, DMSO) 6 9.33 (s, 1H), 8.24 (d, J = 8.1
Hz d, 4H), 8.19-8.09 (m, 3H), 7.59 (d, J = 3.6 Hz,
1H), 7.32 (d, J = 3.6 Hz, 1H).
(E)-4-((phenylimino)methyl)-N-(1H-1,2,4-triazol-
3-yl) benzamide (K2)

Yellow crystal, yield 90%, m.p (212) °C. FT-
IR (ATR; v, cm™') 3348 (N-H) str. of amide, 3059
(C-H) stretching of the aromatic ring, 1647 (C=0)
str.of amide, 1620: (C=N) str. of imine bond, 1597
(C=C) str. of the aromatic ring. *H-NMR (400 MHz,
DMSO) & 10.42 (s, 1H), 8.74 (s, 1H), 8.10 (s, 3H),
7.46 (t, J = 7.5 Hz, 2H), 7.35 (m, 4H), 7.13 (t, J =
7.5 Hz, 1H).
(E)-4-((p-tolylimino)methyl)-N-(1H-1,2,4-triazol-
3-yl) benzamide (K3)

Yellow crystal, yield 90%, m.p 235°C, FT-
IR (ATR; v, cm™) 3325 (N-H) str. of amide, 3039
(C-H) str. of the aromatic ring, 1647 (C=0) str. of
amide, 1624: (C=N) str. of imine bond, 1597 (C=C)
str. of the aromatic ring, *H-NMR (400 MHz,
DMSO0) 6 10.31 (s, 1H), 8.74 (s, 1H), 8.17 - 8.03 (m,
3H), 7.72 — 7.64 (m, 2H), 7.26 (s, 3H), 7.18 (d, J =
8.1 Hz, 2H), 2.34 (s, 3H).
(E)-4-((naphthalen-2-ylimino)methyl)-N-(1H-
1,2,4-triazol-3-yl) benzamide (K4)

Brown crystal, yield 50%, m.p range (253-
256), FT-IR (ATR; v, cm™) 3232 (N-H) str. of
amide, 3055 (C-H) str. of aromatic ring, 1643 (C=0)
str. of amide, 1616: (C=N) str. of imine bond, 1581
(C=C) str. of aromatic ring. *H-NMR (400 MHz,
DMSO) & 10.63 (s, 1H), 8.93 (s, 1H), 8.51 (s, 1H),
8.19 (m, 3H), 7.97 (m, 4H), 7.89 (m, 3H), 7.61 (s,
1H), 7.52 (s, 2H).
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(E)-4-(((4-bromophenyl)imino)methyl)-N-(1H-
1,2,4-triazol-3-yl) benzamide (K5)

Off-white crystal, yield 85%, m.p range
(242-245)°C, FT-IR (ATR; v, cm™!) 3363 (N-H) str.
of amide, 3050 (C-H) str. of aromatic ring, 1651
(C=0) str. of amide, 1627 (C=N) str. of imine bond,
1593 (C=C) str. of aromatic ring. 'H-NMR (400
MHz, DMSO) $ 10.52 (s, 1H), 8.74 (s, 1H), 8.09 (s,
2H), 8.06 (d, J = 7.4 Hz, 1H), 7.60 — 7.50 (m, 4H),
7.30(d, J =8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 1H).

(E)-4-(((4-methoxyphenyl)imino)methyl)-N-(1H-
1,2,4-triazol-3-yl) benzamide (K6)

Yellow crystal, yield 85%, m.p range (240-
242) °C, FT-IR (ATR; v, cm™') 3329 (N-H) str. of
amide, 3012 (C-H) str. of aromatic ring, 2958
aliphatic (C-H) str., 1647 (C=0) str. of amide, 1620

(C=N) str. of imine bond, 1597 (C=C) str. of

aromatic ring. *H-NMR (400 MHz, DMSO) § 10.25
(s, 1H), 8.76 (s, 1H), 8.6 (s, 2H), 7.70 (d, 2H), 7.37
(d, 2H), 7.02 (d, 2H), 6.95 (d, 2H), 3.8 (s, 3H).
Biological Studies

Two human cell lines (lung cancer cell A549
and HeLa cell) acquired from the IRAQ Biotech Cell
Bank Unit located in Basra and kept in RPMI-1640
supplemented with 100 units/mL of penicillin, 100
pg/mL of streptomycin, and 10% fetal bovine.
Trypsin-EDTA was used to passage the cells, which

were then reseeded at 70% confluence two to three

times per week and cultivated at 37 °C and 5%
CO,@2,

On 96-well plates, the MTT cell viability
assay was performed to ascertain the cytotoxic

effect. 1x10* cells/well were used to seed cell

lines®®, Cells were treated with tested compounds
K1-K®6, at concentrations of 10, 5, 2.5, 1.25, 0.62,
and 0.31 pg/ml for each compound, after 24 hours
or the achievement of a confluent monolayer.
Following a 72-hour treatment period, the media
was removed, 28 yL of a 2 mg/mL MTT solution
was added, and the cells were incubated for 2
hours at 37 °C to determine the viability of the
cells. Following the removal of the MTT solution,
100 pL of DMSO was added to the wells to
solubilize the residual crystals. The mixture was
then incubated for 15 minutes at 37 °C while being
stirred®®. The assay was run in triplicate, and the
absorbency was measured using a microplate
reader set at the test wavelength of 620 nm. The
following formula was used to determine the
percentage of cytotoxicity or the inhibition rate of
cell growth. Proliferation rate (PR)= B/A+100
where A is the mean optical density of untreated
wells B is the optical density of treated wells and
then calculation the rate of inhibition (IR) by
equation (IR)=100-PR®),
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Results and Discussion
Molecular Docking Study

The molecular docking study for the
designed compounds that established with
modification of the main pharmacophores of
vorinostat include replacement of hydroxamate
moiety in ZBG by heterocyclic ring, modification of
the cap group by possible substituent and
replacement aliphatic linker by aromatic one to
enhance the binding within the active site and
increase the docking score. The predicted binding
affinity for the designed compounds with various
HDAC isoforms was highly promising and it was
comparable to vorinostat (Table 1). Docking score
helps identify interactions of a ligand with static
protein structure, and it has a few approximations
and fast calculation. For more accuracy, these results
supported by molecular dynamics simulation as both
ligand and protein are in motion, and MD
simulations is quite close to the in vitro laboratory
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K5 with HDACS (that have best alignment to the
protein than vorinostat) shows that the N4 triazole
moiety and the amide carbonyl group are forming a
bidentate chelation with zinc ion. The amine atom of
the amide group forms a hydrogen bonding with
Gly151 residue. The linker phenyl moiety is forming
n-rt stacking with both Phel151 and Phe208. The p-
bromophenyl cap group is nicely probing outside the
active site (Figure 1).
ADME Study

Compounds K1-K6 were in-silico tested for
their absorption, distribution, metabolism, and
excretion by Qikprobe software within maestro
software. The results demonstrated that every
examined compound did not violate the Lipinski
rule of five to be a drug-like molecule®®. The final
compounds had minimal CNS side effects, good oral
absorption, and good gut-blood barrier permeability.
Most importantly, compound K5 involves no
metabolically labile moieties in its structure, while

conditions of biological activity. Most interestingly, vorinostat involves three metabolically labile
the virtual interaction of the most active compound moieties (Table 2).
Table 1. Docking score of synthetic compounds on various HDACs enzymes
Comp. ID Docking score
HDAC 2 HDAC 6 HDAC 8
4L XZ in Kcal/mol 5EDU in Kcal/mol 1T69 in Kcal/mol
K1 -8.506 -9.15 -8.54
K2 -8.54 -9.35 -8.47
K3 -8.55 -9.20 -8.46
K4 -8.6 -9.52 -8.32
K5 -6.81 -7.31 -7.62
K6 -8.57 -8.62 -6.77
vorinostat -7.57 -9.00 -9.107
Table 2. Drug-likeness properties of final compounds
Comp ID | MWT | Rule of | Rule Oral Don | AccpH | #Meta QPPCa
g/mol |5 of 3 absorption or B b CNS | co
HB nm/sec
K1 335 0 0 3 2 8 1 -2 266.5
K2 291 0 0 3 2 6.5 0 -2 473.6
K3 305 0 0 3 1 5 1 -2 470.9
K4 341 0 0 3 2 6.5 0 -2 471.2
K5 370 0 0 3 2 6.5 0 -2 155.2
K6 321 0 0 3 2 7.25 1 -2 471.5
vorinostat | 264 0 0 3 3 6.7 3 -2 138.13

Rule of 3: Number of violations of Jorgensen’s rule of three. The three rules are: QPlogS > -5.7, QP PCaco > 22
nm/s, # Primary Metabolites < 7. Compounds with fewer (and preferably no) violations of these rules are more
likely to be orally available. CNS: Predicted a central nervous system activity on a —2 (inactive) to +2 (active)
scale (software predicted value not log p) .QPPCaco: cell permeability in nm/sec. are a model for the gut-blood

barrier for non-active transport. <25 poor, >500 great
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Figure 1. (A) The 2D and (B) 3D interaction diagram of copound K5 with HDACS (1T69).

Molecular Dynamics Simulations ligand complex, the RMSD and RMSF
In this study, compound K5 in complex with measurements were also studied.
HDACS (1T69) was subjected to MD simulations to
understand how compound K1 interacts with
HDACS protein when HDACS in motion, and to see
how long the compound remains stable over
simulation time to compare it with MD result of
vorinostat. To evaluate the stability of the protein-

Protein-Ligand Root Mean Square Deviation (PL-
RMSD).

The result found that compound K5-1T69
complex shows more stability profile and best
alignment between K5 and HDACS8 on simulation
runs with RMSD value for protein about 1.5 A (best
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value < 3 A) and for K5 2.4-3 A considered within vorinostat, protein RMSD 1.5 A and vorinostat-
acceptable range (best value < 2 A), while for RMSD 6 A (Figure 2).
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Figure 2. PL-RMSD values in versus time (A) for K5-1T69, (B) for vorinostat-1T69 complex.

Ligand Root Mean Square Fluctuation (L-RMSF) with the backbone of the protein, and after that, the

The Ligand Root Mean Square Fluctuation ligand-heavy atoms' RMSF is determined. The
(L-RMSF) is applied to define the variations in the compound K5 has minimal fluctuation between (1-
positions of the ligand's atoms. As seen in figure 3, 3 A) showing that the ligand fits perfectly
the compound K5-HDACS8 complex initially aligns throughout a simulated time of 23 atoms.
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Figure 3. L-RMSF for compound K5-HDACS8 complex.

Chemistry

The synthesis of intermediate 1 [4-formyl-N-
(1H-1,2,4-triazol-3-yl)benzamide] was achieved by
conducting the amide formation reaction between 4-
formylbenzoic acid and 2-amino-1,2,4-triazole in
the presence of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide  (EDC), 4-dimethylaminopyridin
(DMAP) and 1-hydroxy benzotriazole (HOBt). The
mechanism involves the activation of carboxylic
acid by EDC through a transfer of a proton from the
carboxylic group to form an unstable intermediate
that undergoes nucleophilic attack by HOBt to form
a reactive ester intermediate*®. DMAP role as an
acyl transferring agent in this coupling reaction is to
form a good leaving group intermediate and, at last,
a nucleophilic attack of amine on forming
intermediate

DDC, DMAP, HOBt, DCM

to form the amide. A Schiff base reaction was
carried out between the produced aldehyde
(intermediate 1) with variant amines in the presence
of a few drops of glacial acetic acid in dry ethanol to
synthesize the compounds (E)-4-((thiazol-2-
ylimino)methyl)-N-(1H-1,2,4-triazol-3-yl)
benzamide (K1), (E)-4-((phenylimino)methyl)-N-
(1H-1,2,4-triazol-3-yl) benzamide (K2), (E)-4-((p-
tolylimino)methyl)-N-(1H-1,2,4-triazol-3-yl)
benzamide (K3), (E)-4-((naphthalen-2-
ylimino)methyl)-N-(1H-1,2,4-triazol-3-yl)
benzamide (K4), (E)-4-(((4-
bromophenyl)imino)methyl)-N-(1H-1,2,4-triazol-3-
yl) benzamide (K5), and (E)-4-(((4-
methoxyphenyl)imino)methyl)-N-(1H-1,2,4-
triazol-3-yl) benzamide (K6) in acceptable yields.

RNH,, glas. CH3CO,H, abs. EtOH

R.T 18 hr, 90%

reflux 10-12 hr, 50-90%

Scheme 1. The synthesis of final compounds.

Antiproliferative Study

Compounds K1-K6 were in vitro tested for
their antiproliferative activity against A549 and

Y
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Y

K1, R=2-thiazole K4, R=2-naphthyl
K2, R= phenyl K5, R=p-bromophenyl
K3, R= p-toluidine K6, R=p-methoxyphenyl

HelLa cancer cell lines to compare their cytotoxic
effect with reference standard chemotherapeutic
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agents vorinostat®®, The study started with a single
dose test at a concentration of 10 UM against the
A549 cell line to identify effective compounds that
inhibit cancer cells, then the dose-response study at
concentrations (10, 5, 2.5, 1.25, 0.62 and 0.31 puM)
was carried out to calculate the 1Cso. The results
show that compound K5 showed higher
antiproliferative activity against A549 lung cancer
cells with 1Cso value (4.4 M) in comparison with
vorinostat (9.5 uM) while compounds K1, K2, and
K6 have lower cytotoxic effects with 1Cso of (19.2,
17.6, and 10.6 uM) respectively (Table 3). The
cytotoxicity activity against HelLa cancer cells
indicated that compounds K1, K2 and K5 have the

Triazole-Based Derivatives as Possible HDAC Inhibitors\

highest cytotoxic effect with 1Cso values for
compounds K1 (4.9 uM), K2 (5.3 uM) and K5 (5.3
MM), while the 1Cso for vorinostat is (8.4 uM).
While compound K6 showed lower cytotoxic
activity. The antiproliferative pattern for the final
compounds against Hela cells is comparable to the
activity of vorinostat. This might be attributed to the
high expression of HDACS8 in Hela cells®"?®, On the
other hand, the steric and the electronic properties of
the cap group might control the antiproliferative
activity against A549 cells, as compound K5 that
involves a para-bromo-phenyl substitution showing
a superior cytotoxicity activity (Table 3).

Table 3. The I1Cso values for tested compounds against HelLa cell and lung cancer cell (A549)

Comp. ID ICs0 (HelLa cell) ICs0 Lung cancer (A549)

K1 4.9 19.2

K2 5.3 17.6

K5 5.3 4.4

K6 - 10.6

vorinostat 8.4 9.5

Conclusion o
The modeling tools were applied to Author Contribution

successfully design possible new 1,2,4-triazole-
based HDAC inhibitors. The designed (K1-K6)
molecules were successfully synthesized, and their
chemical structure was characterized by 'H-NMR
and FT-IR analysis. The antiproliferative activity
was highly promising as K1, K2 and K5 showed a
superior cell inhibition activity compared to
vorinostat, A strong agreement was concluded
between the predicted outcomes of the molecular
modeling studies and the biological investigation. In
contrast to vorinostat, the virtual pharmacokinetic
(ADME) studies demonstrated that compound K5
has no metabolic labiality, minimal CNS side effect,
and did not violate the Lipinski rule of five or
Jorgensen’s rule of three. These results are highly
encouraging and might open the avenue for the
development of new HDAC inhibitors.
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