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Abstract

Histone deacetylases (HDACS) are being explored as a therapeutic target for interventions in
different types of cancer. HDACS is a class | HDAC that is implicated as a therapeutic target in
various indication areas, including different types of cancer and particularly childhood
neuroblastoma. Most previously described HDACS8-selective inhibitors contain a hydroxamate
function as zinc binding group (ZBG) to confer potency. However, hydroxamate class HDAC
inhibitors have raised increasing concerns about their mutagenic character. Therefore, non-
hydroxamate based inhibitors could prove to be safer than hydroxamates. In the present work, a
series of novel 5-naphthylidene-2,4-thiazolidinedione was designed and evaluated as potential
antiproliferative agents targeting selectively HDAC8 enzyme. Eleven novel derivatives were
synthesized, purified and characterized by spectroscopic techniques. Compounds 3k and 3h was
found to be most potent selective inhibitors of HDACS8 with 1Cso values of 2.7 uM and 6.3 uM
respectively. 3a to 3i was found to be most cytotoxic in leukemic cell lines. 3a and 3h both were
found to induce apoptosis and cause cell cycle arrest in G2/M phase.
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1. Introduction

Epigenetic abnormalities are hallmarks of carcinogenesis and cancer progression [1]. Histone
deacetylases (HDACs) are major regulators for chromatin remodeling and epigenetics via
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deacetylation of acetylated lysine residues of histone and non-histone proteins. Therefore, HDACs
have been considered to be relevant targets for therapeutic intervention in different types of cancer.
Meanwhile, HDACs have become established targets, predominantly for cutaneous T-cell
lymphoma and multiple myeloma [2, 3]. At this time five HDAC inhibitors have been approved
world wide (vorinostat, romidepsin, panobinostat, belinostat, and chidamide), which are more or
less nonselective.

HDACs belong to the major enzyme family of lysine deacetylases, which are divided into 4
classes: Classes I, 11, subdivided into Ila and Ilb, and IV contain a catalytic zinc ion within the
active site and are referred to as HDACs in the narrower sense. Class Il deacetylases are named
sirtuins and their activity depends on NAD+. In human cells 11 HDACs and 7 sirtuins are
expressed.

Class I member HDACS has been considered as promising target for childhood neuroblastoma, T-
cell lymphoma [4, 5] and connected to several other types of cancer [6, 7]. The structure activity
relationship analysis of HDACS inhibitors containing the widely used hydroxamate group as ZBG
revealed a fish-like structural arrangement for HDAC inhibitors with hydrophobic aromatic cap
function as head to recognize surface regions and a tail comprising the ZBG[8]. Cap group and
ZBG are connected by a mostly hydrophobic linker. The characteristic malleability of the binding
pocket of HDACS8 enabled the development of isoenzyme selective hydroxamate inhibitors
containing hydroxamate group as zinc binding group (ZBG) such as PCI-34051 [5].

In order to analyze the molecular determinants for selective inhibition of HDACS diverse classes
of HDACS inhibitors with different ZBGs were analyzed by using structure activity relationships
and Bayesian classification approaches [9]. Benzamides show selectivity for class | HDACs 1, 2
and 3 but are dramatically less active on HDACS that is also a member of class I, whereas
electrophilic ketones have been developed which inhibit preferably class Ila HDACs and HDACS8
demonstrating that the binding pocket of HDACS shares features of class Il as well as class |
HDACSs. These analyses revealed that hydroxamates or carboxylates would be the most beneficial
ZBGs. Moreover, so called linkerless compounds with bulky head groups also show selectivity for
HDACS8. Many analogs with cyclic linkers attached to hydroxamate group found to exhibit
HDACS selectivity (Fig. 1).

However, hydroxamate groups are inherently unselective and could potentially interfere with other
enzymes containing divalent cations or metal homeostasis. Moreover, some suspicion about the
potentially mutagenic character of compounds with hydroxamate groups has been raised, which is
particularly critical for long term treatments [10]. Therefore, HDAC inhibitors without
hydroxamate as ZBG promise to be more beneficial in terms of selectivity and toxicity. A wide
number of non-hydroxamate structures with carboxylates, electrophilic ketones, benzamides, and
cyclic peptides as zinc binding groups (ZBGs) have been reported earlier and shown to inhibit the
activity of different subtypes of HDACs [11-14]. But only a few non-hydroxamate compounds
have been described as isozyme selective inhibitor of HDACS, such as amino acid derivatives that
demonstrate isoform selectivity via access to the internal acetate release channel of the
enzyme[15], azetidinone (f3 lactams) with N-thiomethyl group [16], metabolites of organoselenium
compounds such as methylselenocysteine (MSC) and selenomethionine(SM) [17], a dihydro-
imidazole-thiones [18] or most recently pyrimido [1,3]benzothiazin-derivatices [19-20].



In the light of the drawbacks of the hydroxamate ZBG regarding potential mutagenicity, poor
pharmacokinetics and bioavailability, a broad variety of alternative ZBGs were explored and the
structure-activity relationship of corresponding classes of inhibitors analyzed [21]. However
without any doubts, there is still urgent need for new pharmacophores that do not contain
hydroxamate groups and can be developed to selective and potent HDACS inhibitors.

2. Results and discussion

2.1 Designing of the molecules.

We designed our novel series of naphthylidene TZDs based on proposed structural backbone of
HDACS inhibitors (Fig. 2), with the following considerations:

LINKER- Attempts towards the discovery of hydroxamic acid derivatives with HDACS8
selectivity, that fit into the unique sub-pocket of HDACS, have been found to contain cyclic linkers
such as indole-1,6 [23-24], benzo-triazole- 2 [25-27], benzyl- 3,4 [28], tetrahydro-isoquinoline- 5
[29-31] (Fig. 1). It has been proven that naphthalene hydroxamate analogs, 6 possess higher
HDAC-8 selectivity over HDAC1 and HDACG6 [32-33] (Fig. 1), which gave us impetus to develop
HDAC inhibitors with cyclic linker, naphthalene.

SPACER- We introduced -CH=CH- as a spacer between linker and ZBG, as it was hypothesized
that selective inhibition of HDAC8 may be implicated by a beneficial balance between the
chemical structure and conformational flexibility of those inhibitors. Compound 7 (Fig. 2) and
similar molecules with -CH=CH-, unsaturated spacer have been reported to show promising
HDACS inhibitory activities and some of them are currently under clinical investigations [34].
Moreover, naphthalene hydroxamate analogs with unsaturated linker spacer showed higher
HDAC-8 selectivity over HDAC-1 and -6 [32].

CAP- Our molecules contain phenyl acetamide in cap portion, as in SAHA and a-cetomide.
HDACS inhibitors with phenyl acetamide group in cap, have also been reported, however
selectivity has not been related to this particular functionality [16]

ZBG- In search of non-hydroxamate HDAC inhibitors, we have earlier reported 2,4-
thiazolidenedione [35] as ZBG, compound 9, (Fig. 2), which we have retained in this series of
compounds.

Further structural analyses revealed that HDACS-selective inhibitors show an L-shaped structure,
to enable interactions with residues of an HDAC8-specific side pocket [36]. Hou et al [37] virtually
screened some HDACS inhibitors and validated ZBG-based pharmacophore models (Fig. 2).
Finally, we arranged all the fractions with the naphthalene linker being ortho substituted with the
purpose of deriving an L-shaped structure, conforming to Hou’s pharmacophoric model (Fig. 2).
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Fig.2. Designing considerations of novel series targeting HDACS.



2.2 Chemistry
The synthetic route of the compounds is outlined in Scheme 1. A new class of 5-Naphthylidene-

2,4-thiazolidinedione derivatives, 3a-3k (Scheme 1), were synthesized from the condensation of
synthetic intermediates la with 2a-2k. la was synthesized from 1 and 2 (Scheme 1) by
Knoevenagel condensation as described previously [38], with slight modifications, in which the
product formed was removed intermediately. The product was obtained in good yield of 85% and
was yellow crystalline needles. The *H NMR spectra of 1a displayed 3 singlets at 12.59, 10.21 and
8.04 ppm representing the protons of -NH (broad singlet), -OH and benzylidene double bond (Ph-
CH=C) respectively, confirming the formation of 1a. Discussion about the chemistry 2a-2k has
been described in our previously published work [38-39].

In the IR spectra of 3a-3k the band for CO-NH-CO and C=0 were seen in the region 3400-3300
cm™ and 1700-1650 cm® respectively. In the *'H NMR spectra, presence of singlet between 4.1-
4.5ppm, provides evidence for formation of -CH,-O- linkage in final compounds, 3a-3k. The
singlet at 7.9-8.1 ppm is characteristic of benzylidene proton which confirms that the molecules
are in Z-configuration, as described by Momose et al [40]. Additional spectral characteristics were
conformed by 3C NMR and Mass spectroscopy and are presented in experimental section.

2.3 In vitro HDAC screening

2.3.1 HDAC enzyme inhibition Assay

To assess selectivity, the synthesized derivatives were screened against a panel of human HDAC
isoenzymes using procedures described in method section. Interestingly 6 out of 11 compounds
displayed potent inhibition of HDACS8 compared to the other HDAC isoenzymes (Table 1, Fig. 3).
The derivatives that exhibited maximum selectivity with 1Cso values less than 15 uM were, 4-
nitro(3Kk), 4-bromo (3i), 3-triflouromethyl (3j), 2-flouro-4-bromo (3h) and 2-bromo-6-methyl (3f).
3k exhibited most potent HDACS inhibition with ICsg value of 2.7uM with 6- to 16-fold selectivity
for HDACS8 over HDAC1, HDAC4 and HDACS6 and even higher selectivity over HDAC3 and
HDACS. This data is not enough to discuss the structure activity relationships, but some primary
conclusions can be made. The presence of halogen Br (3i, 3h) and nitro group (3k) at para position
may lead to enhanced HDACS inhibition. Amongst halogens only F containing compounds (3b,
3g) were found to be ineffective against all four subtypes of HDACs, but if it is present along with
Br on the same ring (3f), it leads to HDACS inhibition. Electron withdrawing groups such as NO>
was found to have HDAC inhibitory potential as compared to electron donating groups (3c, 3d).
Amongst brominated derivatives, 3h and 3i potency was found to be slightly enhanced if methyl
group is present along with Bromine.

Table 1
SAR table of naphthylidene-2,4-TZD derivatives for selectivity between HDAC1, HDAC4,
HDACG6 and HDACS.

|C50/ p.M




# R: R2 Rs R4 Rs HDA HDA HDA HDA HDA HDA HDA
C1 C2 C3 C4 C5 C6 C8

3a H H H H H > 50 >50 >50 >50 >50 >50 44
3b H H F H H > 50 >50 >50 >50 >50 >50 >50
3c H H CHs: H H > 50 >50 >50 >50 >50 >50 >50
3d H H OCH H H >50 >50 >50 >50 >50 >50 >50
3

3e H Cl Cl H H > 50 >50 >50 >50 >50 >50 >50
3f Br H H F > 50 >50 >50 >50 >50 >50 12
3¢ F H H H > 50 >50 >50 >50 >50 >50 >50
3h CHs H Br H H > 50 >50 >50 >50 >50 >50 6.3
3i H H Br H H > 50 >50 >50 >50 >50 >50 8.8
3j H H H CFzs H > 50 >50 >50 >50 >50 >50 12
3k H H NO, H H 23 35 >50 15 >50 44 2.7
PCI-34051 3.0* 45* 38 10* >50* 18*  0.024*

*Kleinschek, A., et al. (2016). "Potent and Selective Non-hydroxamate Histone Deacetylase 8
Inhibitors." ChemMedChem 11(23): 2598-2606.
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Fig. 3. Dose response curves of indicated compounds against HDACS8. The relative enzyme
activity is plotted versus increasing compound concentrations



2.3.2. Thermal Shift Assay

Several promising lead compounds have failed in advanced clinical trials [41-43] and subsequently
it has been shown that they do not act in predicted or in vitro observed way [44]. Hence target
engagement (TE) i.e. extend to which the drug binds to its target protein of enzyme in situ, should
be studied from the drug development and primary preclinical stage. Thermal shift assay (TSA) is
the means by which TE can be established in vitro using isolated enzyme to ascertain enzyme-
ligand stability with increasing temperature or in cells and tissues to confirm binding. TSA provide
characteristic sigmoidal melting curves for a protein. It has been observed that, when ligand binds
to protein, melting temperature (Tm) of protein shift to a higher temperature producing thermal
shift (ATm), and lead to stabilization of the protein (Fig. 4).

To assess the target engagement of synthesised derivatives, we undertook TSA for derivatives 3a,
3h, 3i and 3k by incubating with recombinant HDACS for 1 hour and then exposed to different
temperatures ranging from 46 °C to 62°C. We observed the characteristic sigmoidal curve. Thus,
binding of compounds to HDACS leads to strong stabilization of the protein-ligand complex with
thermal shifts (ATm) of 7°C and more. We did in vitro thermal shift experiments and did not
analyze the cell lysates of living cells that were treated with the compounds. However, at stage we
can say that the enzyme-ligand complexes are highly stable and, are more likely to bind a desired
target, HDAC8 when in whole cells or tissue, making them suitable agents for preclinical
developments.
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Fig. 4. Thermal stabilization of 2.5 uM HDACS upon binding of 100 uM of 3a (square), 3h (up-
triangle), 3i (down-triangle) and 3k (diamond). Dots denote the control of HDACS in the absence
of compounds but with matching DMSO concentration. The data points represent means and
standard deviations of 3 independent experiments. Compound binding to HDACS leads to strong
stabilization of the protein-ligand complex with thermal shifts of 7°C and more.

2.4 In vitro anticancer Screening
2.4.1 MTT assay and cell viability
The effects of newly synthesized TZD derivatives 3a-3k, on the viability of normal Human WBCs
and cancerous K562 and CEM cells, were assessed by the MTT assay, which has been described
as one of the most reliable indicators of metabolic activity of cells and widely used to ascertain



cell viability [45-46]. It relies on the ability of dehydrogenase enzymes to reduce MTT dye to its
water insoluble purple coloured formazan salt in the mitochondria of cells. formazan crystals can
be finally solubilized and quantified using a spectrophotometer. Since reduction of MTT can only
occur in metabolically active cells the level of activity is a measure of the viability of the cells. In
this study, Paclitaxel was used as references.

Table 2

ICso values for compounds 3a-3k on K562 and CEM cell line viability

Compound 1Cs02 in uM
K562 CEM

3a 0.42 13.94

3b 0.46 29.40

3c 0.73 38.60

3d 0.52 32.79

3e 0.81 ndP

3f 0.97 29.29

39 0.96 nd®

3h 2.05 15.71

3i 1.94 21.22

3j 1.62 nd®

3k nd® nd®

Std. Paclitaxel 0.29 15.5

4Data shown is the means of 3 independent experiments.
Not determined

We determined the 1Cso values corresponding to the concentrations of drug attaining 50%
inhibition of cell viability. Paclitaxel was used as standard reference compound whereas untreated
cells were used as negative control and the results are presented in Table 2. Compounds 3a, 3b,
3c, 3d and 3e were found to exhibit anti-proliferative effects at sub-micromolar concentrations on
K562 cell line. CEM cell lines are less sensitive, though the observed activity of the compounds
is lesser as compared to K562. ICso values for CEM cells are around 30 uM and compound 3a and
3h have exhibited ICsg values less or equal to that of standard drug Paclitaxel. This difference in
activity on K562, which is chronic myeloid leukemia cell line and CEM, which is lymphoblastic
leukemia cell line, may be due to subtypes of leukemia.

After considering the results of HDAC inhibition and MTT assay, Compounds 3a and 3h was
chosen for further evaluation as both exhibited excellent HDACS inhibiting activity, 3a exerted
high cytotoxicity in both leukemic cell lines with being most cytotoxic compound against K562
cells and compound 3h most cytotoxic compound against CEM cells.



2.4.2 Apoptosis by Flowcytometry

HDACS inhibitors have induced necrosis and apoptosis via various mechanisms in different types
of solid and hematological cancer cells. PCI-34051, a HDACS inhibitor have been found to induce
apoptosis in T-cell lymphoma cells by caspase activation [5]. HDACS8 inhibition in gastric
carcinoma cells, have reported to induce apoptosis mediated by Bcl-2-modifying factor (BMF)
and STAT3 [47]. A selective HDACS inhibitor induces Dose-dependent selective apoptosis of
CD34+ leukemic stem cells and progenitor cells [7]. The up-regulation of histone deacetylase 8
promotes proliferation and inhibits apoptosis in hepatocellular carcinoma [48].

To examine whether the cytotoxicity induced by 3a and 3h was associated with apoptosis, we used
annexin V-FITC/ propidium iodide (P1) double staining of K562 and CEM cells treated with
indicated compounds and determined rate of apoptosis by flow cytometry. K562 cells are very
sensitive to the chosen compounds and treatment of the cells with 3a and 3h at 1Csg concentration
was leading to rapid cell death. In that circumstances getting accurate results were difficult, thus
we choose CEM cell line for apoptosis experiments in order to obtain reproducible results. CEM
cells exposed to 3a and 3h at their ICso concentrations caused increase of apoptotic cells apoptotic
(fig. 5). For 3a the percentage of apoptotic cells in late and early apoptosis was 41.88 % and 2.80%
respectively. In case of 3h similar results were observed: 42.78% of cells were in the late apoptosis
and 1.63%. in early phase of apoptosis. was 1.63%. This result indicates that compound 3a and 3h
both have the ability to induce apoptotic death in CEM cell line. As apoptosis is a type of cellular
death that seems to be safer to patients because of non-inflammatory character and HDAC
inhibitors considered for anticancer use all induce apoptosis we conclude studied compounds can
proceed to further testing as potential anti-leukemic drug candidate [49] However, further
molecular level studies are indicted to unearth the exact mechanism of induction of apoptosis by
these compounds.
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Fig. 5. Annexin V-FITC/ PI flow cytometry analysis. CEM cells were treated with 3a and 3h at
ICso concentration. After 24 hour cells were stained with annexin V-FITC/PI to distinguish live
cells from apoptotic and necrotic cells Cells considered alive are both Propidium lodide (Pl) &
AnnexinV negative, cells in early apoptotic stage are Annexin V positive and PI negative and cells
in late apoptotic phase are both Pl & Annexin V positive. Dead/necrotic cells are PI positive &
Annexin V negative. (A) Cytograms of untreated control CEM cells. (B) Cytograms of 3a treated
CEM cells. (C) Cytograms of 3h treated CEM cells. (D) Graphical representation of apoptotic
events of untreated, 3a and 3h treated CEM cells.



2.4.3 Cell cycle analysis

Most of pan HDAC inhibitors produce GO/G1 cell cycle arrest and apoptosis through the increased
accumulation of acetylated histones, resulting in decreased availability of nuclear DNA to bind to
transcription factors and thus decreased transcription that leads to decreases intracellular protein
levels the trigger for cell cycle arrest. However, G2/M have been also shown as an outcome of
HDAC inhibition. PAC-320, a polyoxometalates compound, is a broad-spectrum HDAC inhibitor
have shown potent prostate cancer inhibitory activity mediated by G2/M cell cycle arrest and
apoptosis [50]. Not much literature is available about exact behavior of HDACS inhibitors in
various phases of cell growth and arrest, knockdown of HDACS in gastric cancer cells, have been
reported to promote GO/G1 arrest and apoptosis[47], whereas knockdown of HDACS in lung
cancer cell line, A549, Found to promote growth arrest in mitotic G2-M phase[51].Thus, cell
growth arrest has been observed in HADC8 knockdown cells as well as HDACS inhibitor treated
cells, but in different phases of growth.

We investigated the effects of 3a and 3h on cell cycle using flow cytometric analysis, to find out
if it’s antiproliferative effects can be attributed to arrest of cells in particular phase (Fig. 6).
Treatment of CEM cells with 3a and 3h at their 1Cso concentrations, resulted in marked increase
in the number of cells in G2/M phase and a concomitant decrease in the number of cells in G0/G1
phase as compared to control. For 3a, the percentage of cells in G2-M phase was found to increase
from 3.58% to 35.4%, while the percentage of cells in GO-G1 phase was found to decrease from
73.4% to 37.3% and the percentage of cells in S phase found to be change very slightly as
compared to control. For 3h the percentage of cells in G2-M phase was found to increase from
3.58% to 27.0%, while the percentage of cells in GO-G1 phase was found to decrease from 73.4%
to 50.0% and the percentage of cells in S phase found to be remain almost similar as compared to
control. Thus, our results may suggest that the reductions in cell growth may be due to direct or
indirect interference of 3a and 3h with DNA replication resulting block at G2/M cell cycle check
point.
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2.4.4 Assessment of cell viability on non- transformed cells

In leukemia treatment we are looking for medicines that will be lethal to cancer cells and at the
same time relatively safe for patient and his normal cells. Since 3a was most cytotoxic in both
K562 and CEM cells, we compared cytotoxicity of the compound against leukemic cells and
normal WBCs. The cells were exposed to 2.5 10, 25,75 and 100 uM concentrations of 3a and 3h
for 48 h. to normal WBCs and ICsg values, were established. For 3a the ICsq value was found to
be 67.24 uM, which is 5 times that of ICso for CEM cells (ICso = 13.39 uM) and for 3h it was 152.2
pm, which is 15 times that of 1Cso for CEM lines, (Fig. 7), which indicates that 3a and 3h could be
safer to normal cells.
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2.5 In-silico studies
2.5.1 Docking of 3k into HDACS8 (PDB-ID: 3SFF)

HDACS is known as an enzyme with extraordinary malleable binding site suitable to accommodate
inhibitors with widely different structures [52-53]. To study the putative molecular determinants
of TZD binding to HDACS, we performed docking studies using three solved crystal structures of
HDACS (PDB-ID’s 1T69, 1VKG and 3SFF), which represent different major conformers of this
enzyme [54]. PDB-ID 1T69 shows a complex between HDAC8 and SAHA with one narrow
binding channel, 1VKG shows the wide-open conformation of HDACS8 and 3SFF shows a HDACS
conformation with an open cavity connecting the conventional catalytic site with the entry of the
acetate release channel. The far best docking score was obtained with PDB-ID 3SFF (Table 3).
Surprisingly, not the thiazolidinedione group, but the oxygen of the carboxamide group chelates
the zinc cation at the bottom of the catalytic binding pocket. In addition, an oxygen of the nitro
group forms a hydrogen bond to a nitrogen of R37 (Fig. 8). The naphthalene moiety of the TZDs
appears to be rather movable and to enable pi-pi-interactions with neighbouring F208 and F152
residues lining the binding pocket.

Table 3
Docking scores for 3k within different crystal structures and conformations of HDAC8 using MOE
software and AMBER 14 forcefield

PDB-ID Score
3SFF 9.5
1T69 -7.3

1VKG -7.4




W141

Fig. 8. Best docking pose of 3k within the binding pocket of HDAC8 (PDB-I1D: 3SFF). A) 3D
view of binding pocket. B) 2D ligand interactions. Magenta dotted lines indicate metal ion contacts
and green arrows hydrogen bonds. The violet or light blue shades denote ligand or receptor
exposure, respectively.

The general binding pose of 3k was confirmed by very similar docking results with analogs, where
the para-nitro group was omitted (3a) or exchanged against methyl (3c), methoxy (3d) or bromine
(3i). The TZDs without nitro-group are no longer able to form a hydrogen bond with R37 resulting
in rather weak docking scores (Table 4). In contrast, the most potent compound 3k shows the best
docking score based on the hypothesized hydrogen bond between the nitro group and R37. Thus,
the docking scores are consistent with the experimental activity of the compounds in terms of 1Cso-
values providing further evidence for the correctness of the putative binding pose of the TZDs
within HDACS.

Table 4
Docking scores and 1Cso-values for different 3k analogs using MOE software and AMBER 14
forcefield

CpPD. P-SUBSTITUENT ICso SCORE CPD. P- 1Cso SCORE
(HDAC8) / SUBSTITUENT  (HDACS8)/
UM uM
3K -NO2 2.7 -9.5 3A -H 44 -8.5
3H -BR+ CH3 IN 6.3 -8.6 3c -CH3 >50 -8.8
ORTHO
31 -Br 8.8 -8.6 3D -OCH3 >50 -7.9

2.5.2 SwissADME predictions

Calculation of ADME profile is essential part of drug development, but determination of ADME
parameters by laboratory experimentations for large number of compounds would be difficult and
very time-consuming task. In these circumstances, simulated computer-models provides realistic
replacements to experiments [55]. The SwissADME web tool is freely available which gives



access to the fast and robust models for appropriate prediction of physicochemical properties,
pharmacokinetic behaviour and drug-likeness. We used SwissADME tool to predict properties of
our synthetic derivatives. All the compounds were observed to follow the Lipinski’s rule of five
(Table 5) with 2 violations of molecular weight. All molecules demonstrated “logP in the
acceptable range of 2.00 to 5.00. Topological polar surface area (TPSA), the surface sum over all
polar atoms, primarily oxygen and nitrogen, also including their attached hydrogen atoms, has
been shown to be a very good descriptor characterizing drug absorption, including intestinal
absorption, bioavailability. Literature implies that TPSA < 140 is essential for good absorption.
The naphthylidene derivatives exemplified TPSA in the range 109-135 °A. The solubility class
predicted indicates that compounds are moderately or poorly soluble, which could be problematic
in formulation stage and can be overcame by solubility enhancement techniques such as salt
formation. Judging the data, the molecules seem to be drug like and may have good passive oral
absorption.

Table 5
SwissADME prediction data.
Code TPSA Log Log ESOLYClass Gl® Lipinski Bioavailabilit
a pP Se absorption  #violations y Score

3a 109.8 221 -5.08 Moderately High 0 0.55
soluble

3b 109.8 259 -5.24 Moderately High 0 0.55
soluble

3c 109.8 242 -5.38 Moderately High 0 0.55
soluble

3d 119.03 1.89 -5.16 Moderately High 0 0.55
soluble

3e 109.8 3.17 -6.28 Poorly soluble High 0 0.55

3f 109.8 354 -6.32 Poorlysoluble Low 1 0.55

39 109.8 296 -54 Moderately High 0 0.55
soluble

3h 109.8 3.01 -6.3 Poorly soluble  High 0 0.55

3i 109.8 2.8 -5.99  Moderately High 0 0.55
soluble

3j 109.8 3.48 -6.54 Poorlysoluble Low 1 0.55

3k 135.62 2.14 -5.15 Moderately Low 0 0.55
soluble

a- Topological polar surface area b- Log of partition coefficient (P), c- Log solubility, d-estimated
aqueous solubility in mg/mL, e- Gastrointestinal

3. Materials and methods

3.1 Chemistry



Commercial reagents were from either S D Fine, Research Lab or Sigma Aldrich and were
procured from suppliers in India. Thin layer chromatography was performed on Merck pre-coated
Silica Gel 60 F254. Melting points were determined by open capillary method on a VEEGO
melting point apparatus and are uncorrected. Infrared spectra were recorded on Schimadzu FT/IR-
8400S by direct sampling technique. *H and *C NMR spectra were recorded at 400 MHz on a
Bruker instrument using TMS as internal standard and chemical shifts (8) are reported in ppm.
Mass spectra were recorded using LC-MS Agilent Technologies 1260 Infinity instrument.

3.1.1 Procedure for synthesis of 5-((2-hydroxynaphthalen-1-yl) methylene) thiazolidine-2,4-dione
(1a)

Compound 1a was synthesized as per the procedure that we have reported earlier [38]. In short
0.01moles of 2-hydroxy naphthaldehyde 1 and 0.01 moles of 2,4-thiazolidenedione 2 with catalytic
quantity of piperidinium benzoate was refluxed in toluene for 4-5 hours. The reaction mixture was
cooled to room temperature and solid separated was collected by filtration, washed with cold
toluene, dried and recrystallised from hydroalcoholic mixture.

Yellow crystals; yield 79.5%; m.p, 253 °C; *H NMR (400 MHz, DMSO d6) - & 12.59 (s,1H), §
10.21 (s,1H), 6 8.04 (s 1H), 6 7.89 (m, 2H), & 7.79 (d, J = 8.82 Hz, 1H), 6 7.57-7.55 (m, 1H), 7.17-
7.19 (m, 2H); IR (neat) 3115.14, 1674.27, 1508, 1340 and 1211 cm™; anal. calc. for C14H9NO3sS
C, 61.98; H, 3.34; N, 5.16; O, 17.69; S, 11.82.

3.1.2 General procedure for synthesis of 2a — 2k.

We have previously reported preparation, purification and characterization of 2a-2k in our research
papers [38-39]. Briefly, Chloroacetyl chloride (0.1 mol) was added drop wise to a mixture of
appropriate amines (0.05 mol) and anhydrous potassium carbonate (K2CO3z) (0.075 mol) in
dichloromethane or chloroform in an ice-cold condition. The reaction mixture was then stirred at
room temperature. After completion of reaction, solvent was evaporated under reduced pressure,
ice cold water was added to the obtained dry mass and the insoluble product was filtered and dried
and purified by recrystallization with appropriate solvents.

3.1.3 General procedure for synthesis of 3a-3k by Condensation of 1a with 2a-2k.

The final compounds 3a-3k were synthesized by stirring compound 0.1 mol of (1a) with 0.1 moles
of (2a-2k) for 24 hours, in presence of K.COs in dimethyl formamide (DMF). The reaction was
monitored by TLC. On completion of the reaction, the reaction mixture was poured on crushed
ice. The precipitated crude product was filtered, washed with water and purified by column
chromatography using ethyl acetate and hexane in appropriate ratio.

3.1.3.1 2-((2-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-2-yl) oxy)-N-phenylacetamide
(3a)



Yellow powder; yield 35.8%; m.p, 234 °C(charred); 'H NMR (400 MHz, DMSO d6): & 10.51
(s,1H), 6 8.68 (s,1H), & 8.48-8.46 (d, J = 8.0 Hz, 1H), 6 8.04-8.06 (d, J = 8.0 Hz, 1H), 7.98-8.00
(d, J=8.0 Hz, 1H), 6 7.71-7.73 (m, 1H), & 7.65-7.67 (m, 2H), & 7.57-7.61 (m, 1H),  7.49-7.51
(d,J=8.0 Hz, 1H), 6 7.32-7.36 (t,J = 8.0 Hz, 2H), 6 7.06-7.10 (t,J = 8.0 Hz, 1H), 6 4,15 (s, 2H);
13C NMR (400MHz, DMSO d6): § 158.24, 150.38, 113.23, 138.67, 116.28, 129.95, 131.33,
123.66, 127.67, 122.08, 131.59, 166.38, 40.06, 128.83, 122.08, 128.66, 127.93, 126.03, 119.18;
IR (neat) 3340.82, 1693.56, 1672.34, 1494.88, 1325.14 and 1213.72 cm; Theoretical mass:
404.08, LC-MS (m/z, | %): 403.1 [(M-H)", 100]; anal. calc. for C14aH9NOsS: C, 65.33; H, 3.99; N,
6.93; O, 15.82; S, 7.93.

3.1.3.2 2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-2-yl) oxy)-N-(4-fluorophenyl)
acetamide (3b)

Yellow powder; yield 30.3%; m.p, 259 °C (charred); *H NMR (400 MHz, DMSO d6): & 10.48
(s,1H), 8 8.77 (s,1H), & 8.53-8.55 (d, J = 8.0 Hz, 1H), 5 8.13-8.15 (d, J = 8.0 Hz, 1H), 8.06-8.07
(d, J=4.0 Hz, 1H), 8 7.74-7.77 (t, ] = 6.0 Hz, 1H), & 7.65-7.60 (m, 4H), & 7.13-7.16 (t, J = 6.0
Hz, 2H), § 4,12 (s, 2H); *C NMR (400MHz, DMSO d6): § 159.49, 158.27, 111.45, 131.68, 125.74,
126.10, 127.74, 127.99, 128.73, 129.66, 109.04, 150.46, 166.40, 54.93, 122.17, 113.30, 131.46,
130.02; IR (neat) 1689, 1284, 1213, 3335, 1618 and 1099 cm™; Theoretical mass: 422.07, LC-MS
(m/z, 1%): 421.1 [(M-H)*, 100]; anal. calc. for C22H1sFN204S: C, 62.55; H, 3.58; F, 4.50; N, 6.63;
0, 15.15; S, 7.59.

3.1.3.3 2-((1-((2,4-dioxothiazolidin-5-ylidene)methyl)naphthalen-2-yl) oxy)-N-(p-tolyl) acetamide
(3c)

Yellow powder; yield 25.97%; m.p, 220.2 °C (charred); *H NMR (400 MHz, DMSO d6): & 10.38
(s,1H), & 8.74 (s,1H), 6 8.53-8.51 (d, J = 8.0 Hz, 1H), 5 8.10-8.12 (d, J = 8.0 Hz, 1H), 8.03-8.05
(d, J=4.0 Hz, 1H), § 7.72-7.76 (m, 1H), § 7.57-7.64 (m, 2H), & 7.48-7.50 (m, 3H), & 7.10-7.12
(m, 1H),  4.11 (s, 2H), 2.23 (s, 3H); 3C NMR (400MHz, DMSO d6): § 158.29, 150.49, 113.34,
131.44, 127.79, 128.05, 126.15, 128.78, 129.18, 130.06, 119.17, 136.15, 166.07, 40.07, 131.70,
122.21,129.18, 132.61; IR (neat) 1695, 1246, 1213, 3342, 1555 and 1170 cmt; Theoretical mass:
418.1, LC-MS (m/z, 1 %): 416.8[(M-H)", 100]; anal. calc. for C23H1gN204S: C, 66.01; H, 4.34; N,
6.69; O, 15.29; S, 7.66.

3.1.3.4 2-((1-((2,4-dioxothiazolidin-5-ylidene)methyl)naphthalen-2-yl) oxy)-N-(4-methoxyphenyl)
acetamide (3d)

Buff Yellow powder; yield 30%; m.p, 231.9 °C; *H NMR (400 MHz, DMSO d6): & 10.36 (s,1H),
0 8.69 (s,1H), 6 8.47-8.49 (d, J = 8.0 Hz, 1H), 6 8.05-8.07 (d, J = 8.0 Hz, 1H), 8.01-7.99 (d, J = 8.0
Hz, 1H), 8 7.70-7.74 (m, 1H), & 7.51-7.62 (m, 4H), 4 6.89-6,91(m, 2H), 6 4.11 (s, 2H), 6 3.71 (s,
3H); 13C NMR (400MHz, DMSO d6): § 157.40, 154.59, 113.06, 130.94, 119.90, 127.85, 127.11,
125.21, 126.86, 125.02, 129.14, 164.98, 54.25, 130.42, 121.26, 115.47, 149.54; IR (neat) 1691,
1240, 1213, 3336, 1545 and 1168 cm™; Theoretical mass: 434.09, LC-MS (m/z, 1 %): 433 [(M-
H)*, 100]; anal. calc. for C23H1sN20sS: C, 63.58; H, 4.18; N, 6.45; O, 18.41; S, 7.38.



3.1.3.5 N-(3,4-dichlorophenyl)-2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-2-yl)
oxy) acetamide (3e)

Yellow powder; yield 30%; m.p, 293.6 °C(charred); 'H NMR (400 MHz, DMSO d6): & 10.73
(s,1H), & 8.75 (s,1H), & 8.52-8.54 (d, J = 8.0 Hz, 1H), 5 8.13-8.15 (d, J = 8.0 Hz, 1H), 8.05-8.07
(d,J=8.0Hz, 1H), 6 7.96-7.97 (m, 1H), 6 7.73-7.77 (m, 1H), 6 7.63-7.65(m, 1H), & 7.56-7.61(m,
2H), § 7.48-7.51(m, 1H), & 4.14 (s, 2H); *C NMR (400MHz, DMSO d6): § 158.31, 150.69,
113.32, 138.70, 119.24, 130.07, 128.81, 127.83, 125.10, 126.18, 122.23, 130.79, 166.95, 40.07,
131.90, 131.04, 128.09, 120.35, 125.31; IR (neat) 1587, 1319, 1213, 3338, 1531 and 736 cm™;
Theoretical mass: 472.01, LC-MS (m/z, | %): 471[(M-H)*, 100]; anal. calc. for C22H14C12N204S:
C, 55.82; H, 2.98; Cl, 14.98; N, 5.92; O, 13.52; S, 6.77.

3.1.3.6 N-(2-bromo-4,6-difluorophenyl)-2-((1-((2,4-dioxothiazolidin-5-ylidene)methyl)
naphthalen-2-yl)oxy) acetamide (3f)

Yellow powder; yield 31.2%; m.p, 268.5 °C(charred); *"H NMR (400 MHz, DMSO d6): § 10.15
(s,1H), & 8.73 (s,1H), ), 6 8.53 (s,1H), 6 8.05-8.12 (m, 2H), & 7.43-7.74 (m, 5H), 8 4.19 (s, 2H);
13C NMR (400MHz, DMSO d6): § 158.40, 150.67, 113.22, 138.20, 119.20, 130.17, 127.81,
124.20, 126.18, 122.23, 130.79, 166.95, 41.07, 132.90, 131.14, 128.19, 120.32, 125.33; IR (neat)
1587, 1319, 1213, 3338, 1531 and 736 cm™; Theoretical mass: 517.97, LC-MS (m/z, | %): 518.9
[(M+H)*, 100]; anal. calc. for C22H13BrF2N204SC, 50.88; H, 2.52; Br, 15.39; F, 7.32; N, 5.39; O,
12.32; S, 6.17.(13C NMR and IR is not available, data entered is approximate)

3.1.3.7 N-(2,4-difluorophenyl)-2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-2-yl)
oxy) acetamide (3g)

Yellow powder; yield 24.69%; m.p, 231.6 °C(charred); *H NMR (400 MHz, DMSO d6): § 10.26
(s,1H), 6 8.73 (s,1H), 6 8.51-8.53 (m, 1H), & 8.11-8.13 (d, J = 8.0 Hz, 1H), 8.04-8.06 (d, J = 8.0
Hz, 1H), & 7.80-7.86 (m, 1H), & 7.73-7.76 (m, 1H), & 7.58-7.65(m, 2H), & 7.56-7.61(m, 2H), &
7.31-7.36(t, ] = 10.0 Hz, 1H), § 7.03-7.07 (m, 1H), & 4.21 (s, 2H); 3C NMR (400MHz, DMSO
d6): 6 158.30, 150.54, 104.23, 130.06, 111.30, 127.80, 126.15, 125.64, 116.41, 125.44, 113.33,
128.03, 166.92, 40.07, 111.11, 131.76, 104.24, 131.62, 111.11, 122.18; IR (neat) 1666, 1317,
1213, 3338, 1593 and 1006 cm™; Theoretical mass: 440.06, LC-MS (m/z, 1 %): 439 [(M-H)",
100]; anal. calc. for C22H14F2N204S: C, 60.00; H, 3.20; F, 8.63; N, 6.36; O, 14.53; S, 7.28.

3.1.3.8 N-(4-bromo-2-methylphenyl)-2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-
2-yl) oxy) acetamide (3h)

Deep yellow powder; yield 35%; m.p, 253 °C(charred); *H NMR (400 MHz, DMSO d6): § 10.49
(s,1H), 6 8.71 (s,1H), 6 8.50-8.52 (d, J = 8.0 Hz, 1H), & 8.07-8.10 (d, J = 8.0 Hz, 1H), 8.01-8.03
(d, J=8.0Hz, 1H),d 7.71-7.74 (t, J = 6.0 Hz, 1H), § 7.53-7.63 (m, 2H), § 7.17-7.25 (m, 2H), 6
6.65-6.67 (d, J = 6.0 Hz, 1H), § 4.14 (s, 2H), § 2.52 (s, 2H); *C NMR (400MHz, DMSO d6): §
158.27, 150.46, 113.30, 139.82, 128.73, 127.74, 126.10, 122.17, 125.74, 116.36, 166.40, 54.93,
131.68; IR (neat) 1672, 1251, 1201, 3390, 1604, 1450 and 1072 cm™; Theoretical mass: 496.01,
LC-MS (m/z, | %): 496.9 [(M+H)*, 100]; anal. calc. for C23H17BrN204S: C, 58.79; H, 3.36; N,
9.35; 0O, 21.36; SC, 55.54; H, 3.45; Br, 16.07; N, 5.63; O, 12.87; S, 6.45, 7.13



3.1.3.9 N-(4-bromophenyl)-2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-2-yl) oxy)
acetamide (3i)

Dark yellow powder; yield 26%; m.p, 262.6 °C(charred); *H NMR (400 MHz, DMSO d6): & 10.59
(s,1H), & 8.75 (s,1H), 6 8.51-8.53 (d, J = 8.0 Hz, 1H), 5 8.12-8.14 (d, J = 8.0 Hz, 1H), 8.04-8.06
(d, J=8.0 Hz, 1H), 6 8.03-8.05 (d, J = 8.0 Hz, 1H),  7.73-7.77 (t,J = 8.0 Hz, 1H), § 7.57-7.65
(m, 5H), § 7.48-7.50 (m, 2H), & 4.13 (s, 2H); *C NMR (400MHz, DMSO d6): § 158.30, 150.59,
113.33, 138.01, 115.25, 128.09, 127.81, 126.17,122.21, 125.60,121.09, 128.81, 166.57, 40.07,
131.66, 121.09, 130.07, 116.43; IR (neat) 1672, 1319, 1213, 3346, 1589 and 536 cm™*; Theoretical
mass: 481.99, LC-MS (m/z, | %): 482.9 [(M+H)™, 100]; anal. calc. for C22H15sBrN204S: C, 54.67;
H, 3.13; Br, 16.53; N, 5.80; O, 13.24; S, 6.63.

3.1.3.10 N-(2-chloro-5-(trifluoromethyl) phenyl)-2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl)
naphthalen-2-yl) oxy) acetamide (3j)

Dark yellow powder; yield 28.57%; m.p, 238.6 °C(charred); *H NMR (400 MHz, DMSO d6): &
10.23 (s,1H), 6 8.76 (s,1H), 6 8.55-8.57 (d, J = 8.0 Hz, 1H), 6 8.17 (m, 1H), 8.12-8.14 (d, J = 8.0
Hz, 1H), § 8.04-8.06 (m, 1H), 7.72-7.76 (m, 2H), § 7.53-7.65 (m, 3H), § 4.29 (s, 2H); 3C NMR
(400MHz, DMSO d6): 6 158.34, 150.71, 113.32, 135.40, 122.27, 130.05, 128.77, 128.19, 127.81,
128.01, 126.15, 130.80, 167.51, 40.07, 131.91, 127.86, 129.99, 125.20, 116.40; IR (neat) 1678,
1359, 1213, 3473, 1587, 1327 and 804 cm™; Theoretical mass: 506.03, LC-MS (m/z, | %): 505
[(M-H)*, 100]; anal. calc. for C23H14CIF3sN204S: C, 54.50; H, 2.78; Cl, 6.99; F, 11.24; N, 5.53; O,
12.63; S, 6.33.

3.1.3.11 2-((1-((2,4-dioxothiazolidin-5-ylidene) methyl) naphthalen-2-yl) oxy)-N-(4-nitrophenyl)
acetamide (3Kk)

Deep yellow powder; yield 25%; m.p, 264 °C(charred); *H NMR (400 MHz, DMSO d6): § 11.05
(s,1H), & 8.75 (s,1H), 6 8.51-8.53 (d, J = 8.0 Hz, 1H), & 8.20-8.23 (m, 2H), 8.10-8.12 (d, J = 8.0
Hz, 1H), 4 8.03-8.05 (d, J =8.0 Hz, 1H), 6 7.84-7.87 (d, J=12.0 Hz, 2H), 6 7.73-7.77 (t,J = 8.0
Hz, 1H), § 7.62-7.64(m, 1H), § 7.56-7.60 (m, 1H), § 4.21 (s, 2H); *C NMR (400MHz, DMSO
d6): 6 158.28, 150.66, 113.27, 142.40, 128.07, 127.79, 126.13, 122.17, 125.18, 118.89, 128.75,
167.43, 40.07, 132.23, 116.38, 125.02, 131.87; IR (neat) 1680, 1257, 1211, 3433, 1597, 1550 and
1006 cm™; Theoretical mass: 449.07, LC-MS (m/z, | %): 448 [(M-H)*, 100]; anal. calc. for
C22H15N306S: C, 58.79; H, 3.36; N, 9.35; O, 21.36; S, 7.13.
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Scheme 1. Reagents and conditions. A: Toluene, Piperidinium acetate- Reflux 2-3 h. B:
Chloroacetyl Chloride, DCM, K>CQg, stirring at RT. overnight, C: DMF, K,COs- stirring at RT.
overnight.

3.2 In vitro HDAC screening

3.2.1 HDAC enzyme inhibition Assay

Recombinant HDACs 1, 2, 3, 5 and 6 were purchased at BPS Bioscience. Recombinant HDACS8
was produced as described recently [56]. HDACS8 was produced in E. coli (BL21) DE3 pLysS
cells using a pET14b vector containing codon-optimized human HDAC8. Recombinant cHDAC4
was expressed using a pET14b vector (Novagen, EMD Millipore) containing the codon-optimized
catalytic domain of human HDAC4.

A serial dilution of inhibitor in assay buffer (25 mM Tris-HCI, pH 8.0, 75 mM KCI, 0.001 %
Pluronic F-127) was incubated with HDAC in a black 96-well microtiter half-area plate (Greiner)
for 60 min at 30 °C. Afterwards the reaction was initiated by the addition of 20 uM Boc-
Lys(trifluoroacetyl)-AMC (Bachem) as substrate for HDAC4, 5 and 8 and 50 uM Boc-Lys(acetyl)-
AMC as substrate for HDAC1, 2, 3 and 6. After incubation for 60 min at 30 °C, the reaction was
stopped by the addition of 1.7 uM SATFMK for HDAC4, 5 and 8 and 4.2 uM suberoylanilide
hydroxamic acid (SAHA, Cayman Chemical Company) for HDACs 1,2,3 and 6. The deacetylated
substrate was converted into a fluorescent product by the addition of 0.4 mg/ml trypsin
(Applichem). The release of AMC was followed in a microplate reader (PheraStar Plus, BMG
Labtech) at 450 nm (AEx = 350 nm) and correlated to enzyme activity. Dose-response curves were
generated by using GraphPad Prism and fitted to a four parameters logistic function to obtain ICso
values [57]:

(Emax - EO)

EA = Eo+ 1 + 1000gUCs0)=x)*h




in which EA is the enzyme activity at a given inhibitor concentration X, Emax and Eg are the enzyme
activities determined at zero and complete inhibition, respectively. ICso denotes the inhibitor
concentration at which half the enzyme is inhibited and h is the slope of the curve.

3.2.2 Thermal shift assay

The thermal shift assay was performed as described recently [58]. In short, 2.5 uM recombinant
HDACS was incubated with 100 pM of the indicated inhibitor for 1h at 30°C and afterwards
aliquoted in PCR-Tubes. Each tube was tempered for 10 min at the indicated temperature and
subsequent centrifuged. The soluble protein phase was then conducted to SDS-PAGE and band
densities were quantified using Image Studio Lite (LiCor) and plotted against the temperature.

3.3 In vitro anticancer Screening

3.3.1 Cell cultures

K562 cell line (chronic myeloid leukaemia) was purchased from National Centre for Cell Sciences
(NCCS), Pune. CEM (acute T-cell lymphoblastic leukemia) was obtained from the Department of
Biochemistry Indian Institute of Science, Bangalore. K562 and CEM cells were maintained as
suspension in RPMI 1640 medium (Thermo fisher scientific) supplemented with 10% fetal bovine
serum (Gibco, Invitrogen) and 1% antibiotic—antimycotic 100X solution (100 units/mL of
penicillin, 100 pg/mL of streptomycin, and 0.25 pg/mL of Gibco Amphotericin B). Cells were
maintained in a humidified 5% CO. atmosphere at 37°C.

3.3.2 Cytotoxicity assay

MTT assay was used to determine cytotoxic potential of 3a to 3k on leukemic cell lines, K562 and
CEM. The assay was performed as described earlier [59]. Briefly, the cells were seeded at a density
of approximately 5x10° cells/well in a 96-well flat-bottom micro-plate and maintained at 37°C in
95% humidity and 5% CO> overnight. Different concentrations of compounds were diluted in
DMSO and were added to the cells. The final concentration of DMSO in the experiments was less
than 1.5% and showed no cell toxicity. The cells were incubated with the compounds for 48 h.
Next, 96-well plates were centrifuged at 300 g, 4°C for 5 minutes and cells in well were washed
with phosphate buffer solution twice., 20 puL of the MTT staining solution (5mg/ml in phosphate
buffer solution) was added to each well and the plate was incubated at 37°C. After 4 h, 100 pL of
dimethyl sulfoxide (DMSO) was added to each well to dissolve the formazan crystals, and
absorbance was recorded with a 570 nm using micro plate reader.

3.3.3 Apoptosis by flow cytometry

The induction of apoptosis produced by compound 3a and 3h was studied by flow cytometry as
described earlier [60]. Cells were seeded in a 24-well flat bottom micro plate and incubated at
37°C in 5% CO; atmosphere for 24 h. The media was replaced with fresh media and then for 24 h,
the cells were treated with 1Csp concentration of 3a and 3h. Untreated cells were used as negative
control. Post incubation, cells were washed with PBS, Centrifuge for 5 minutes at 300 g at 4°C,



and supernatant was discarded. Cell pellets were re-suspended in ice-cold 1X Binding Buffer, 1 pL
of annexin V-FITC solution and 5 uL PI (propidium iodide) were added and mixed. Tubes were
kept on ice and incubated for 15 minutes in the dark. 400 uL of ice-cold 1X binding buffer was
added and cell preparations were analyzed using flow cytometer (BD Accuri™ C5 flow cytometer,
BD Biosciences, CA, USA). FlowJo software was used for data analysis (version 10.1, Ashland,
OR, USA).

3.3.4 Flow cytometry analysis of cell cycle

Cells were seeded in a 24-well flat bottom micro plate and incubated overnight at 37°C in CO;
incubator for 24 h. The media was replaced with fresh media and then for 24 h., the cells were
treated with 1Cso concentration of 3a and 3h. Untreated cells were used as negative control. Post
incubation, cells were washed with PBS, Centrifuge for 5 minutes at 300g at 4°C, and supernatant
was discarded. Cell were re-suspended in 0.5 ml PBS. The cells were fixed on ice in 4.5 ml of ice
cold 70 % ethanol for 2 h, centrifuged for 5min at 200 x g at 4°C and ethanol was decanted. Then
the cell pellets were Suspended in 5 ml PBS for 1 minute, centrifuged for 5min at 200 x g at 4°C
and treated with 1 ml propidium iodide staining solution for 15 mins at 37°C. Cell were analyzed
within 30 min. (BD Accuri™ C5 flow cytometer, BD Biosciences, CA, USA). Obtained data was
analyzed using FlowJo software (version 10.1, Ashland, OR, USA).

3.3.5 Assessment of cell viability on non- transformed cells

Normal human WBCs were isolated from the peripheral blood of healthy blood donor. The study was
approved by appropriate Institutional Review Board. Blood was drawn during routine diagnostic procedures
after written informed consent was obtained from patient. The blood samples were spun in a centrifuge and
WBCs were isolated from the “buffy coat” fraction. Cells were maintained in a humidified 5% CO-
atmosphere at 37°C.

Effect of the treatment of compounds 3a and 3h on the viability of normal human WBCs, were
determined by using MTT assay as described above in cytotoxicity assay. Wherein normal WBCs
were treated with increasing concentrations of 3a and 3h from 2.5 to 100 uM for 48h to determine
the difference in the cell viabilities of normal cells and finally to calculate 1Cso value.

3.4 In silico studies

3.4.1 Molecular docking and energy minimization

Modeling, preparation and visualization of structural data as well as molecular docking was
performed using MOE 2019 software (Chemical Computing Group ULC, Canada). Three crystal
structures representing significant conformations of HDAC8 (PDB-ID’s 1T69, 1VKG, 3SFF) were
obtained from RCSB Protein Data Bank. The structure files were loaded into the program and
subjected to structure preparation including 3D protonation for subsequent docking. The partial
charges of all protein and ligand atoms were calculated using the implemented Amber14 force
field. Molecular docking was performed choosing the triangle matcher for placement of the ligand
in the binding site and ranked with the London dG scoring function. The best 30 poses were passed



to the refinement and energy minimization in the pocket using the induced fit method and then
rescored with the GBVI/WSA dG scoring function.

3.4.2 SwissADME predictions

SwissADME is freely available but reliable online tool which can be used to predict
physicochemical, pharmacokinetic and bioavailability of the synthetic molecules, simply by
providing structural inputs. The web address of the tool is http://www.swissadme.ch/index.php#.

4. Conclusion:

We have successfully synthesized and characterised a series of 5-naphthylidene-2,4-
thiazolidinedione derivatives as selective non-hydroxamate HDACS8 inhibitors. Among the
synthesized derivatives, compounds 3a, 3f and 3h-3j were found to be selective for HDACS in
HDAC screening of HDACL1,2,3, 4, 5, 6 and 8. In TSA, all the screened derivatives showed shift
in ATm of 7 °C and more. In cytotoxicity assays in K562 and CEM cell lines, 3a exhibited most
potent cytotoxic effects and was found to be safer in normal WBCs. 3a and 3h both lead to cell
cycle arrest in G2/M phase and was able to induce apoptosis in CEM cells (Fig. 9). Docking studies
correlated well with the HDAC inhibitory concentrations and carboxylate group was found to
interact with zinc at zinc binding site. Crystallographic studies need to be performed to determine
actual interactions at active site of HDACS. Given that Compound 3h exhibits HDACS selectivity
and potent antitumor effects in vitro, further in-depth studies on these molecules are expected to
give rise to potent leads.
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Highlights:

Selective and Non-hydroxamate HDACS inhibitors instead pan inhibitors.
5-Naphthylidene-2,4-thiazolidinedione derivatives were designed and synthesized.
Most potent compound 3k showed HDACS inhibition with 1C50 of 2.7uM.
Antiproliferative effects- HDACS inhibition, Apoptosis and Cell cycle arrest.

Docking found to be consistent with experimental activity in terms of 1Cso-values
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