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Abstract

A series of novel Spiro[imidazolidine-4,1'(2'H)-naphthalene]-2,5-dione 4a-d were designed
and synthesized as Histone deacetylase inhibitors (HDACIS) by applying a novel Cap group
(Spirohydantoin) that act as a surface recognition moiety, and a different zinc binding group
(carboxylic group) aiming at increase the stability and improve the pharmacokinetic profile of
the hydroxamic derivatives. The chemical structures of the synthesized compounds were
elucidated on the basis of their IR, *H NMR, as well as high resolution mass spectra, and they
were evaluated for their anti-proliferative activities against two cancer cell lines HepG2, and
MCF7. Results revealed that compounds 4a-d exhibit significantly low cytotoxicity in cancer
cells, but they still being simple structures that are easily synthesized and can serve as lead
compounds to further investigate more active entities exhibiting good stability and improved
potency.
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Introduction

Cancer is mainly a disease of tissue growth
regulation failure resulted from alterations
of genes which regulate cell growth and
differentiation. These alterations of tumor
suppressor genes or oncogenes are not
always due to mutation, they may also be
due to epigenetic deregulation of gene
expression which was found to be
implicated in cancer pathogenesis.”’Among
these epigenetic regulations are histone
acetylation/  deacetylation which are
regulated by equilibrium between the two
enzymes Histone acetyl transferase (HAT)
and Histone deacetylase (HDAC).®)

Histone deacetylase (HDAC) proteins are
enzymes that influence gene expression by
altering the acetylation status of lysine
residues on nucleosomal histones. The
HDAC family consists of 18 members and
is divided into four classes.??

Conventional HDAC enzymes involve
Classes I, 11, and 1V which belong to zinc
dependent amino hydrolases, and all require
a zinc molecule (Zn?*) as an essential

cofactor in their active site, and they are
inhibited by  Zn?*-binding histone
deacetylase inhibitors.”  However, non-
conventional HDAC:s or class I1l, including
7 members, called Sirtuins and they require

NAD" as a cofactor instead of Zn?*.®

HDAC proteins are over-expressed in many
cancers,® making them attractive targets of
anti-cancer drugs.”® In fact, two HDAC
inhibitors, suberoylanilide hydroxamic acid
(SAHA, Vorinostat) and Romidepsin, Fig.
1 were approved for treatment of cutaneous
T-cell lymphoma. @ In addition to
lymphoma, HDAC activity has been
associated with a variety of other cancers.
Altered HDAC2 activity in gastric
cancers,*® mutations of HDAC1 and
HDACS3 in lung cancers,* over expression
of HDAC?2 in aggressive cutaneous T-cell
lymphoma (CTCL),"® and abnormal
HDAC 8 activity in acute myeloid leukemia
tissue have been reported for class |
HDACs, over expression of class | HDAC
was also observed in ovarian cancer, and
over-production of class Il HDAC 6 was
observed in breast cancer tissues. Inhibition
of HDACs
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has been shown to lead to cell
differentiation, apoptosis and cell-cycle
arrest in several cancer cell lines.®

Histone deacetylase (HDAC) inhibitors
have become promising anticancer agents
in recent years."” They have shown ability
to block angiogenesis and cell cycling, as
well as initiate differentiation and
apoptosis. ®?)  HDAC inhibition has
recently been clinically validated as a new
therapeutic strategy for cancer treatment.
Intense research activities are ongoing
toward improving the pharma-cokinetic and
therapeutic indices of current HDAC
inhibitors. The classical pharma-cophore
for HDAC inhibitors consists of three
distinct structural motifs:® 2V the zinc-
binding group (ZBG), a hydrophobic linker,
and a recognition cap group Fig. 2. The X-
ray structure of human HDACS, bound to
SAHA or Trichostatin A (TSA), confirmed
that the ZBG interacts with a Zn*" ion at the
base of a channel-like active site.®*%®

The hydrophobic linker efficiently presents
the ZBG to the active site by filling the
channel while the cap group at the other end
of the linker makes contacts with amino
acid residues at the rim of the channel. The
cap group could be linked to the aliphatic
linker group through either hydrogen-bond
accepting or donating groups such as keto-
and amide-groups.?**® the common ZBG
of HDAC inhibitors is the hydroxamate
moiety.?”* Because of the short half-life
and poor bioavailability associated with the
hydroxamic acid functional group, it
became desirable to find replacement
groups that would possess nano molar
activity against HDACs.

The structural modifications of the
hydroxamate ZBG have been modestly
successful; vyielding isosteres such as

benzamide,  a-ketoesters, electrophilic
ketones, mercaptoamide and phosphor-
nates, 031

In the current study we introduce a different
ZBG which is a carboxylic group aiming at
providing better stability and more
favorable pharmacokinetic profile to the
designed compounds.
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Moreover, based on the fact that the cap
group presents an alternative opportunity to
discover potent and more selective HDAC
inhibitors, a novel cap group is introduced
in the present work presenting an
opportunity to improve binding of the
compounds to the enzyme active site.

Materials and methods

Chemistry

Melting points were determined on Stuart
electro-thermal melting point apparatus and
are uncorrected. IR spectra were recorded
on Nicolet iS5 FT-IR spectrometer at Minia
University.

'H NMR spectra were carried out using
Bruker apparatus 400 MHz spectrometer,
using TMS as internal reference. Chemical
shifts (8) values are given in parts per
million (ppm) relative to TMS using
DMSO-ds (2.5) as a solvent and coupling
constants (J) in Hertz. Splitting patterns are
designated as follows: s, singlet; br.s, broad
singlet; d, doublet; t, triplet; q, quartet; p,
pentet; dd, doublet of doublet; m, multiplet.

High resolution mass spectra (HRMS) were
obtained on a Thermo Scientific Q
Exactive™ Orbitrap mass spectrometer at
The University of British Columbia
Canada.

Reactions were routinely monitored by
thin-layer chromatography (TLC) using
Merck 9385 pre-coated aluminum plate
silica gel (Kieselgel 60) 5 x 20 cm plates
with a layer thickness of 0.2 mm, and spots
were visualized by exposure to UV-lamp at
A =254 nm.

Biological evaluation (in vitro anti-
proliferative activity)

Cell culture

Cancer cells from different cancer cell lines
human breast adenocarcinoma (MCF7),
and human hepatocellular carcinoma
(HEPG2), were purchased from American
type Cell Culture collection (ATCC,
Manassas, USA) and grown on the
appropriate growth medium Dulbecco's
modified Eagle's medium (DMEM) or
Roswell Park Memorial Institute medium
(RPMI 1640) supplemented with 100 mg/
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mL of streptomycin, 100 units/mL of
penicillin and 10% of heat-inactivated fetal
bovine serum in a humidified, 5% (v/v)
CO, atmosphere at 37°C

Cytotoxicity assay by 3-[4,5-dimethylthia
-zole-2-yl]-2,5-diphenyltetrazolium
bromide (MTT)

Exponentially growing cells from the two
cancer cell lines were trypsinized (for
detachment), counted and seeded at the
appropriate densities (2000-1000 cells/0.33
cm? well) into 96-well microtiter plates.
Cells then were incubated in a humidified
atmosphere at 37°C for 24 hours. Then,
cells were exposed to different concen-
trations of compounds (0.1,1, 10,100,1000
UM) for 72 hours. The viability of treated
cells was determined using MTT technique
as follow. Media were removed; cells were
incubated with 200 pl of 5% MTT
solution/well (Sigma Aldrich, MO) and
were allowed to metabolize the dye into a
colored-insoluble formazan crystals for 2
hours. The remaining MTT solution were
discarded from the wells and the formazan
crystals were dissolved in 200 pl/well
acidified isopropanol for 30 min, covered
with aluminum foil and with continuous
shaking using a MaxQ 2000 plate shaker
(Thermo Fisher Scientific Inc, MI) at room
temperature. Absorbance were measured at
570 nm using a Stat Fax" 4200 plate reader
(Awareness Technology, Inc., FL). The cell
viability were expressed as percentage of
control and the concentration that induces
50% of maximum inhibition of cell
proliferation (ICsy) were determined using
Graph Pad Prism version 5 software (Graph
Pad software Inc, CA). ¢ %)

Results

Chemistry

Synthesis of &-(2,5-dioxo-3',4'-dihydro-
2'H-spiro[imidazolidine-4,1'-
naphthalen]-1-yl) alkanoic acids (4a-d)
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The parent spirohydantoin (3',4'-dihydro-
2'H-spiro[imidazolidine-4,1'-naphthalene]-
2,5-dione) 2 was prepared in a good yield
as reported,®  via  Bucherer-Bergs
reaction,®® by heating a-tetralone 1 with
potassium cyanide and anhydrous ammo-
nium carbonate. (Scheme 1)

The intermediate ethyl ester derivatives 3a-d
was prepared in a moderate yield by reacting
2 with wvarious ethylbromo esters, and
anhydrous potassium carbonate in dry
acetone. The synthesis of the acid derivatives
4a-d was achieved in a moderate yield by
ester 3 hydrolysis with 20% potassium
hydroxide, then acidification with a mineral
acid to yield the free acid derivatives,
according to Scheme 1.

Synthesis of 5-(2,5-dioxo-3',4'-dihydro-
2'H-spiro[imidazolidine-4,1'-
naphthalen]-1-yl) pentanoic acid 4d
Yellowish white powder in (4.02 g, 50.88%
yield); mp 233°C; IR (cm™): 3270 (OH),
3400 (NH), 1766 (C=0), 1711 (C=0), 1697
(C=0); 'H-NMR (400 MHz, DMSO-dg) &
(ppm): 2.26 (t, 2H, CH,), 1.53 (m, 2H,
CH,), 1.60 (m, 2H, CH,), 3.43 (t, 2H, CH,),
2.79 (t, 2H, J = 6.80 Hz, CH,), 1.91 (m, 2H,
J = 6.80 Hz, CH,), 2.07 (t, 2H, J = 6.80
Hz, CH,), 6.99 (dd, 1H, J = 8.00 Hz, Ar-
H), 7.18 (d, 1H, J = 8.00 Hz, Ar-H), 7.23
(dd, 1H, J = 8.00 Hz, Ar-H), 7.25 (d, 1H, J
= 8.00 Hz, Ar-H), 8.83 (s, 1H, NH), 12.03
(br. s, 1H, OH); HRMS: m/z calculated
for C17H2N,O4: 315.13503, found:
315.13531.

Biological evaluation

Evaluation of in vitro anti-proliferative
activity

The in vitro anti-proliferative activities of
the compounds were investigated against
two cancer cell lines including human
breast adenocarcinoma (MCF-7), and
human hepatocellular carcinoma (HepG2)
using MTT assay. The ICs, values are
presented in Table 1.
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Tables

Table 1: in vitro anti-proliferative activity of compounds 4 a-d against two cancer cell lines

Compound IC50 (M) cell line®

Number n MCF-7 HepG2
4a 1 1000 1000
4b 2 1000 1000
4c 3 676.08 1000
4d 4 1000 1000

% The concentration (UM) that produce 50% reduction in cell growth, the number represent the
average results from triplicate experiments with deviation of less than 10%
b Cell lines; MCF-7, human breast adenocarcinoma; HepG2, human hepatocellular carcinoma

Figures and schemes

A B

Fig. 1: A (suberoylanilide hydroxamic acid (SAHA, Vorinostat)) and B (Romidepsin)
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Fig. 2: Classical pharmacophore for HDAC inhibitors
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Scheme 1: Synthesis of e-(2,5-dioxo-3',4'-dihydro-2'H-spiro[imidazolidine-4,1'-naphthalen]-
1-yhalkanoic acids 4 (a-d)
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Discussion

The effect of the exposure of synthesized
compounds was tested on the viability of
MCF-7 human breast adenocarcinoma cells,
and HepG2  human  hepatocellular
carcinoma cells. While it is true that
compounds 4 a-d exhibit significantly low
cytotoxicity in cancer cells, they are simple
structures that are easily synthesized and
may possess good stability, although it
remains to be confirmed. They can serve as
lead compounds to discover more active
entities acting as HDAC inhibitors, that
exhibit good stability and improved
pharmacokinetic profile.
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