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Abstract

Novel furan-2-one and pyrazole heterocycles incorporating 5,6,7,8-tetrahydronaphthalene moiety 4, 8, 10a-c, 12a-c
and 13 were prepared starting from 2-acetyl tetralin via reaction with diethyl oxalate followed by cyclization using
hydroxylamine hydrochloride, and hydrazine hydrate. Further treatment of carbohydrazide 8 with isatin derivatives 9a-C and
hydrazonoyl halides 11a-c afforded N'-(5-subs.-2-oxoindolin-3-ylidene)-3-(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-5-
carbohydrazides 10a-c and N'-aryl-2-(2-(3-(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-5-
carbonyl)hydrazono)propanehydrazonoyl chlorides 12a-c. The novel compounds were examined in vitro for their anti-tumor
activities against HepG-2 and MCF-7 human carcinoma cell lines using MTT assay. Most compounds showed good to
moderate activities against HepG-2 carcinoma cells and HepG-2 cells.
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1. Introduction area of heterocycles with potential applications [6-
The methyl ketone, 2-acetyl tetralin, or 1- 13].
(5,6,7,8-tetrahydronaphthalen-2-yl)ethanone, is
considered important raw material for the synthesis
of  biologically compounds.  Claisen
condensation of methyl ketones with oxalic acid
esters in the presence of strong base gave 2,4-
dioxoesters which are valuable multi-purpose
intermediates in organic synthesis [1]. 2.4-
Dioxoesters are used in the synthesis of pyrazole-
3(5)-ethyl esters [2] which are known to be important
precursors in the preparation of herbicides,
agrochemicals, microbicide [3] protectants and plant

2. Experimental:
2.1. General

All melting points were taken on Electrothermal
IA 9000 series digital melting point apparatus and
were uncorrected. The IR spectra (KBr) were
recorded on a Shimadzu CVT-04 spectrophotometer.
The NMR spectra were measured with a JEOL
E.C.A-500 MHz spectrometer using
tetramethylsilane (TMS) as internal standard in

active

growth regulators [4]. Also, synthesis of 3-furanone
ring system which is the key skeletal element of
many natural product antitumor agents [5] In the
view of the previous facts, we synthesized new
heterocycles based on 5,6,7,8-tetrahydronaphthalene
compounds as part of our continuing interest in the

DMSO-d6. Chemical shift (3) values are given in
parts per million. The mass spectra were determined
using a Varian MAT CH-5 spectrometer (70 eV).
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2.1.1. Ethyl2,4-dioxo-4-(5,6,7,8-
tetrahydronaphthalen-2-yl)butanoate (2)

A mixture of 2-acetyl tetralin 1 (1 mmol, 1.74 g) and
diethyl oxalate (2 mmol, 2.92 g) in 25 cm’ sodium
ethoxide solution (0.005 g Na, 25 cm’ ethanol) was
refluxed for 1h., and then cooled. The solution was
poured onto ice-water and neutralized with dilute
hydrochloric acid (5%), extracted from ethyl acetate
(50 ml * 3time) and evaporate the excess of ethyl
acetate using the rotating evaporator to give 2 as oily
compound.

Yield 90%. IR (KBr) Viayem 1660-1717 (C=0);'H
NMR (DMSO-d6) & 1.73 (m, 4H, 2 CH,,
tetrahydronaphthalene), 1.34 (t, 3H, J = 7.41Hz,
CH;), 2.74 (m, 4H, 2 CH,, tetrahydronaphthalene),
4.24 (q, 2H, J = 7.41Hz, CH,), 4.77 (s, 2H, CH,),
7.05-7.54 (m, 2H, Ar-H), 7.62 (s, 1H, Ar-H). MS
m/z (%): 274 (M', 100). Anal. Calcd for C;¢H,30,
(274.31): C, 70.06; H, 6.61%. Found: C, 70.33; H,
6.94.

2.1.2.  3-(Hydroxyimino)-5-(5,6,7,8-
tetrahydronaphthalen-2-yl)furan-2(3H)-one (4)

A mixture of compound 2 (2 mmol, 0.55 g) in
ethanol (20 cm’) and water (5 cm’),
hydroxylamine.HCI (0.14 g, 2 mmol) and potassium
carbonate (0.27 g, 2 mmol) was refluxed for 6 h, then
left to stand at room temperature. The product
obtained was filtered off and dried.

Yield 55%; Mp 94-5°C. IR (KBr) Vyaxem = 1652-1694
(C=0), 3280 (OH); 'H NMR (DMSO0-d6) & 1.71 (m,
4H, 2 CH,, tetrahydronaphthalene), 2.74 (m, 4H, 2
CH, , tetrahydronaphthalene), 7.03-7.36 (m, 4H, Ar-
H + furanone-H), 10.96 (s, 1H, OH; exchangable).
BC NMR (DMSO-dq) & 11.41, 22.60, 22.63, 28.93,
28.80, 121.56, 122.59, 126.02, 128.76, 134.16,
136.35, 137.13, 152.76. MS m/z (%): 243 (M+, 100).
Anal. Caled for C4H;3sNO; (243.26): C, 69.12; H,
5.39; N, 5.76%. Found: C, 69.41; H, 5.79; N, 5.70.

2.1.3. 3-(5,6,7,8-Tetrahydronaphthalen-2-yl)-
1H-pyrazole-5-carbohydrazide (8)
Hydrazine hydrate (20 mmol, 1.0 g) was given to
ethyl 2,4-dioxo-4-(5,6,7,8-tetrahydronaphthalen-2-yl)
butanoate 2 (10 mmol, 2.74 g) in absolute ethanol (40
mL). The reaction mixture was boiled under reflux
for 4 h and was then cooled, the formed solid was
filtered off and recrystallized from dilute ethanol.
Yield 70%; Mp 300 °C. IR (KBr) Viuem 1604
(C=0), 3380-3150 (NH, NH,); '"H NMR (DMSO-d6)
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1.72 (m, 4H, 2 CH,, tetrahydronaphthalene), 2.73 (m,
4H, 2 CH,, tetrahydronaphthalene), 4.47 (s, 2H,
NH,), 7.12-7.36 (m, 4H, Ar-H + pyrazole-H), 9.88 (s,
1H, NH; exchangeable), 11.45(s, 1H, NH;
exchangeable). MS m/z (%): 256 (M+, 34), 200(100).
Anal. Caled for C4H;sN,O (256.30): C, 65.61; H,
6.29; N, 21.86%. Found: C, 65.83; H, 6.60; N, 21.97.

2.1.4. N'-(5-Subs.-2-oxoindolin-3-ylidene)-3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-
5-carbohydrazides (10a-c)

A mixture of 8 (0.26 g, 1 mmol) and appropriate

isatin derivatives 9a-C (1 mmol) in absolute ethanol
(30 mL) containing glacial acetic acid (1.0 ml) was
heated under reflux for 6 h. The reaction mixture was
cooled, and the formed colored solid was filtered off
and dried.

2.1.4.1. N'-(2-Oxoindolin-3-ylidene)-3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-
5-carbohydrazide (10a)

Yield 76%; Mp 300 °C. IR (KBr) Viawenm 1604
(C=0), 3310-3210 (NH); 'H NMR (DMSO-d6) &
1.71 (m, 4H, 2 CH,, tetrahydronaphthalene), 2.74 (m,
4H, 2 CH,, tetrahydronaphthalene), 6.95-7.95 (m,
8H, Ar-H + pyrazole-H), 11.42 (s, 1H, NH;
exchangeable), 11.93 (s, 1H, NH; exchangeable),
14.16 (s, 1H, NH; exchangeable). MS m/z (%): 385
(M+, 18), 200(100). Anal. Calcd for CyH;9NsO,
(385.42): C, 68.56; H, 4.97; N, 18.17 %. Found: C,
68.79; H, 5.14; N, 18.31.

2.1.4.2. N'-(5-Chloro-2-oxoindolin-3-ylidene)-3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-
pyrazole-5-carbohydrazide (10b)
Yield 74%; Mp 300 °C. IR (KBr) Vmagem 1598
(C=0), 3310-3210 (NH); 1H NMR (DMSO-d6) &
1.73 (m, 4H, 2 CH,, tetrahydronaphthalene), 2.73 (m,
4H, 2 CH,, tetrahydronaphthalene), 6.97-7.95 (m,
7H, Ar-H + pyrazole-H), 11.52 (s, 1H, NH;
exchangeable), 12.02 (s, 1H, NH; exchangeable),
14.12 (s, 1H, NH; exchangeable). MS m/z (%): 420
(M", 20), 200(100). Anal. Calcd for C,,H;sCINsO,
(419.86): C, 62.93; H, 4.32; N, 16.68%. Found: C,
63.12; H, 4.51; N, 16.84.

2.1.4.3. N'-(5-Bromo-2-oxoindolin-3-ylidene)-3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-
5-carbohydrazide (10c)
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Yield 78%; Mp 300 °C. IR (KBr) Vmayem 1608
(C=0), 3310-3190 (NH); 'H NMR (DMSO-d6) &
1.73 (m, 4H, 2 CH2, tetrahydronaphthalene), 2.73
(m, 4H, 2 CH,, tetrahydronaphthalene), 6.89-7.68 (m,
7H, Ar-H + pyrazole-H), 9.89 (s, 1H, NH;
exchangeable), 11.37 (s, 1H, NH; exchangeable),
13.95 (s, 1H, NH; exchangeable). MS m/z (%): 466
(18), 465 (19), 464 (M", 20), 200 (100). Anal. Calcd
for Cy,H;sBrNsO, (464.31): C, 56.91; H, 3.91; N,
15.08%. Found: C, 57.33; H, 4.09; N, 15.48.

2.1.5. N'-Aryl-2-(2-(3-(5,6,7,8-
tetrahydronaphthalen-2-yl)-1H-pyrazole-5-
carbonyl)hydrazono)propanehydrazonoyl
chlorides (12a-c)

A mixture of carbohydrazide 5 (10 mmol, 2.56 g) and
2-oxo-N-arylpropanehydrazonoyl chloride 11a-c (10
mmol) in absolute ethanol (30 mL) was refluxed for 5
h. Then left to cool, the formed solid was filtered off,
washed with ethanol, and recrystallized from
EtOH/DMF.

2.1.5.1. (1Z,2E)-N'-phenyl-2-(2-(3-(5,6,7,8-
tetrahydronaphthalen-2-yl)-1H-pyrazole-5-
carbonyl)hydrazono)propanehydrazonoyl
chloride (12a)

Yield 72%; Mp 270-1 °C. IR (KBr) Vmagen 1602
(C=0), 3310-3190 (NH); 'H NMR (DMSO-d¢) &
1.72 (m, 4H, 2 CH2, tetrahydronaphthalene), 2.34 (s,
3H, CHs3), 2.71 (m, 4H, 2 CH,,
tetrahydronaphthalene), 6.71-7.37 (m, 9H, Ar-H +
pyrazole-H), 10.24 (s, 1H, NH; exchangeable), 10.76
(s, 1H, NH; exchangeable), 14.12 (s, 1H, NH;
exchangeable). Anal. Caled for Cy;Hy;CINGO
(434.92): C, 63.52; H, 5.33; N, 19.32%. Found: C,
63.74; H, 5.48; N, 19.52.

2.1.5.2. (1Z,2E)-N'-(4-chlorophenyl)-2-(2-(3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-
5-carbonyl)hydrazono)propanehydrazonoyl
chloride (12b)

Yield 76%; Mp 290-2 °C. IR (KBr) Vmawem 1603
(C=0), 3280-3180 (NH); 1H NMR (DMSO-d6) 5
1.71 (m, 4H, 2 CH2, tetrahydronaphthalene), 2.32 (s,
3H, CH3), 2.72 (m, 4H, 2 CH,,
tetrahydronaphthalene), 7.28-7.36 (m, 8H, Ar-H +
pyrazole-H), 10.09 (s, 1H, NH; exchangeable), 11.45
(s, 1H, NH; exchangeable), 13.85 (s, 1H, NH;
exchangeable). Anal. Caled for Cy,3HyCLNGO
(469.37): C, 58.86; H, 4.72; N, 17.91%. Found: C,
58.95; H, 4.88; N, 18.09.
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2.1.5.3. (1Z,2E)-N'-(4-Bromophenyl)-2-(2-(3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-
5-carbonyl)hydrazono)propanehydrazonoyl
chloride (12c)

Yield 75%; Mp 284-5 °C. IR (KBr) Vmawen 1601
(C=0), 3280-3180 (NH); 'H NMR (DMSO-d6) &
1.72 (m, 4H, 2 CH,, tetrahydronaphthalene), 2.33 (s,
3H, CH;), 274 (m, 4H, 2 CH,,
tetrahydronaphthalene), 7.23-7.42 (m, 8H, Ar-H +
pyrazole-H), 10.36 (s, 1H, NH; exchangeable), 10.76
(s, 1H, NH; exchangeable), 13.55 (s, 1H, NH;
exchangeable). Anal. Calcd for Cy3HyBrCINgO
(513.82): C, 53.76; H, 4.32; N, 16.36%. Found: C,
53.91; H, 4.56; N, 16.71.

2.6. N'-(1-(2-Phenylhydrazono)-1-
(phenylsulfonyl)propan-2-ylidene)-3-(5,6,7,8-
tetrahydronaphthalen-2-yl)-1H-pyrazole-5-
carbohydrazide (13).

To a solution of the propanehydrazonoyl chloride 12a
(1 mmol, 0.44 g) in absolute ethanol (30 mL), sodium
benzenesulphinate dihydrate (0.4 g, 2 mmol) was
added. The mixture was refluxed for 12 h, then left to
cool. The reaction mixture was poured into cold
water and the solid product filtered off, washed with
water, dried, and finally recrystallized from
EtOH/DMF to afford the corresponding sulphone 13.
Yield 62%; Mp 178-9°C. IR (KBr) Viayem 1596
(C=0), 3280-3180 (NH); 1H NMR (DMSO-d6) &
1.72 (m, 4H, 2 CH,, tetrahydronaphthalene), 2.31 (s,
3H, CH;), 274 (m, 4H, 2 CH,,
tetrahydronaphthalene), 6.86-7.38 (m, 14H, Ar-H +
pyrazole-H), 9.94 (s, 1H, NH; exchangeable), 11.45
(s, 1H, NH; exchangeable), 13.81 (s, 1H, NH;
exchangeable). MS m/z (%): 542(6), 541(20), 540
(M", 42), 315(100). Anal. Caled for CioHagNeO3S
(540.64): C, 64.43; H, 5.22; N, 15.54%. Found: C,
64.63; H, 5.57; N, 15.74.

2.2. In-vitro cell culture conditions

The HepG-2 (human liver carcinoma) and MCF-7
(human breast adenocarcinoma) cell lines were
purchased from the American Type Culture
Collection (ATCC) and maintained in DMEM
medium which was supplemented with 10% heat-
inactivated FBS (fetal bovine serum), 100U/ml
penicillin and 100U/ml streptomycin. The cells were
grown at 37°C in a humidified atmosphere of 5%
CO, [9].
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2.2.1. MTT cytotoxicity assay

The antitumor activity on HepG-2 and MCF-7 human
cancer cell lines was estimated using the 3-[4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay, which is based on the
cleavage of the tetrazolium salt by mitochondrial
dehydrogenases in viable cells [14]. Cells were
dispensed in a 96 well sterile microplate (1 x 10*
cells/well), and incubated at 37°C with series of
different concentrations, in DMSO, of each tested
compound or Doxorubicin® (positive control) for 48
h in a serum free medium prior to the MTT assay.
After incubation, media were carefully removed, 40
pL of MTT (2.5 mg/mL) were added to each well and
then incubated for an additional 4 h. The purple
formazan dye crystals were solubilized by the
addition of 200 puL of DMSO. The absorbance was
measured at 570 nm using a SpectraMax®
Paradigm® Multi-Mode microplate reader. The
relative cell viability was expressed as the mean
percentage of viable cells compared to the untreated
control cells.

2.3. Computational Methods

2.3.1. Target fishing

Target fishing for the synthesized compounds was
performed through determination of potential target
families for each compound using Polypharmacology
browser [15] tool as a multi-fingerprint-based
prediction method that could compute possible
analogs of shared fingerprints through searching
4613 chemical groups of curated molecules in
ChEMBL database. The Target fishing procedure
was performed with the aim of providing targets that
could explain the experimental anticancer activity of
the synthesized compounds.

2.3.2. Target Fishing Results

Polypharmacology browser tool predicted MCF-7
and HepG2 cell lines to include potential targets for
the nine compounds, and further mining of screening
results revealed possible targeting of tyrosine kinases
including hepatocyte growth factor receptor (c-Met)
which was predicted as fishing hit for the nine
compounds and epidermal growth factor receptor
(EGFR). Poly (ADP-ribose) polymerase 1 (PARP1),
a potential target for BRCA1 positive breast cancer
that was found to be a hit target for compounds (8,
10a and 12a). Thus, we have selected c-Met as a
potential target of wvariety of cancers including

Egypt. J. Chem. 66, No. 1 (2023)

hepatocellular carcinoma [16] and PARPI as
potential target for breast cancer drug therapy [17] to
further investigate through computational studies the
binding effectiveness in comparison to approved
drugs for both targets. Other interesting targets were
found including cellular tumor antigen TP53 in which
targeting could further explain the anticancer activity
of the newly synthesized compounds (Supplementary
File-1).

2.3.3. Preparation of Ligands and Target
Structure

The 2D representation of the nine compounds was
prepared in MOL format and then was subjected to
energy minimization using Chem3D Ultra through
MM2 force field. Furthermore, the nine compounds
were consequently subjected to MOPAC module
semi empirical AMI method with 0.1 root mean
square (RMS) gradient. The prepared structures were
then converted to PDBQT format before docking
through MGL tools.

The ¢-MET structure was retrieved from (PDB:
2WG@GJ) [18] and the PARPI structure from (PDB:
SDS3) [19] both structures were optimized by
removing water and solvent atoms. The refined
structures were further prepared for docking by
adding polar hydrogens and merging non-polar
hydrogens using MGL tools. Grid box was prepared
and centered on the active site of olaparib on PARP-1
and crizotinib on c-MET crystal structures.

2.3.4. Docking simulations using AutoDock vina

Docking simulations was designed on defining
flexible binding site against possible ligands.
AutoDock Tools were used to select flexible residues
which were reported to have significant contribution
to the interaction between olaparib and PARP-1 as
well as crizotinib and c-MET. AutoDock vina was
then used to run flexible docking simulations for each
compound as well as both ligands [20, 21]. The
default scoring function was used. Post-docking
ligand interaction 2D diagrams were studied using
Protein Ligand Interaction profiler (PLIP) [22] and
while docking poses were visualized using PyMOL
v2.3.2 [23] and LigPlot+[26]. Default scoring
function was used for docking. Binding modes of the
docked complexes were obtained and the amino acid
residues present at a distance of 5A were considered
as the binding partners of the ligands. The interaction
diagrams representing the docked complexes have
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been generated using PyMOL v 2.3.2. Docking
simulations were run using AutoDock 4.2.3 and
AutoDock vina 1.1.2 with MGL tools 1.5.6.

4.Results and Discussion

Condensation of 2-acetyl tetralin 1 with
diethyl oxalate in the presence of sodium ethoxide
followed by acidification of the resulting solution
with dilute acetic acid give excellent yields of ethyl
2,4-dioxo-4-(5,6,7,8-tetrahydronaphthalen-2-
yl)butanoate 2 which used a precursor for the

Q (CO,EY),

Me NaOEt/EtOH

synthesis of target heterocycles (Scheme 1). 3-
(Hydroxyimino)-5-(5,6,7,8-tetrahydronaphthalen-2-
yl)furan-2(3H)-one 4 was prepared, in 55 % yield,
through the reaction of 2 and hydroxylamine
hydrochloride in the presence of molar ratio from
potassium carbonate ethanol at reflux condition.
There was no evidence for the formation of the
expected product, (ethyl 5-(5,6,7,8-
tetrahydronaphthalen-2-yl)isoxazole-3-carboxylate 5
(Scheme 1).

O O

CO,Et

2 (90 %)

NH,OH . HCI
K,COj5 / EtOH

O—N

I
W%Et
5

OH
_N

74
0™ o

4 (55 %)

Scheme 1. synthesis of furan-2-one 4

The proposed mechanism for the formation of
product 4 illustrated in Scheme 2. Reaction of 2 with
hydroxylamine hydrochloride gave ethyl 2-
(hydroxyimino)-4-ox0-4-(5,6,7,8-

o O

NH,OH . HCI
COEt — >

K,COj3 / EtOH

tetrahydronaphthalen-2-yl)butanoate 6 as an
intermediate. The reaction preceded via an
elimination of ethanol molecule from the enol
intermediate 7 to furnish the target furan-2-one 4
(Scheme 2).

-OH
N

|

COsEt

0

-OH
N
/ o - EtOH | OEt
o - OH
4 7

Scheme 2. Proposed mechanism for the synthesis of 4.
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The structure of the compound 4 was confirmed by
spectral and analytical data. For example, the IR
spectrum of compound 4 showed peaks that resonate
at v 1652-1694 and 3280 cm™ corresponding to
C=Ostr., and O-Hstr., respectively. In its '"H NMR
spectrum shows the one oxime proton at 10.96 ppm.

O
2

R

O Cl

\ Ar
H3C 11 N—NH

T
N
9 H
EtOH / AcOH
reflux 4h
I\1—NH H
NoH4 . H,O (Excess) _— N-<
> NH2>
EtOH, reflux o
8 (70%)

EtOH, reflux 3h

| o
(@]
13 (62 %)

Refluxing ethyl 2,4-dioxobutanoate 2 with excess
hydrazine hydrate in anhydrous ethanol afforded 3-
(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-pyrazole-5-
carbohydrazide 8 in about 70% yield (Scheme 3).

10 (74-78 %)
R=H, Cl, Br

H3C Cl

% \ Ar
~NH - ;
N HN—-N N~NH

| 7
(@]
R = Ph, 4-CICgH,, 4-BrCgH,

12 (72-76 %)

PhSO,Na. 2 H,O
EtOH, relux
Ph
HaG, O3

7 Opn

—NH g
N HN—-N N

Scheme 3: Synthesis of pyrazoles 8, 10a-c, 12a-c and 13

Reaction of pyrazole-5-carbohydrazide 8 with three
isatin derivatives 9a-C in refluxing ethanol and in the
presence of catalytic amount of glacial acetic acid, as
dehydrating agent, afforded N'-(5-subs.-2-oxoindolin-
3-ylidene)-3-(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-
pyrazole-5-carbohydrazides 10a-C in 74-78 % yields.
N'-aryl-2-(2-(3-(5,6,7,8-tetrahydronaphthalen-2-yl)-
1H-pyrazole-5-
carbonyl)hydrazono)propanehydrazonoyl  chlorides
12a-c were prepared, in 72-76 % yields, by treatment
of pyrazole-5-carbohydrazide 8 with hydrazonoyl
chlorides 9a-c in refluxing dry ethanol for 3h. Further
treatment of 12a with sodium benzenesulfinate
dihydrate in aqueous ethanol (70 %) afforded N'-(1-
(2-phenylhydrazono)-1-(phenylsulfonyl)propan-2-
ylidene)-3-(5,6,7,8-tetrahydronaphthalen-2-yl)-1H-
pyrazole-5-carbohydrazide 13 in about 62 % yield
(Scheme 3).

The 'H NMR spectra of hydrazones 12a-c and 13
show a singlet at about 2.30 ppm due to methyl
group. Also, their IR spectra exhibit a peak in the
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range 3310-3210 cm™ corresponding to the NH
groups.

Anti-proliferative activity

Selected compounds were examined in vitro for their
anti-tumor activities against HepG-2 and MCF-7
human carcinoma cell lines using MTT assay.

The obtained results showed that all compounds
showed dose-dependent anticancer activities on both
cancer types.

From the data presented in Table 1, it is obvious that,
all compounds have good cytotoxicity effects on both
cancer types. The order of the decreasing activity on
the human liver cancer type (HepG2) is as follow: 4
> 12b > 10a > 12c¢ > 10c > 8 > doxorubicin > 12a >
10b >13. The rest of the compounds showed
moderate activities against HepG-2 cells. However,
the order of the decreasing activity on the human
breast cancer type (MCF-7) is as follow: 4 > 10a >
12b > 12¢ > 8 > 12a > 10c > doxorubicin >10b > 13.
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Table 1: The Anti-proliferative ICso values of the
nine compounds using MTT assay on two cancer

types.

compounds 1Cso (uM) = SD
HepG-2 MCF-7

4 65.8+£3.2 56.3+2.1
8 78.1+3.8 64.1+2.7
10a 76.1£2.7 62.1£3.9
10b 90.6 £4.1 67.4+2.7
10c 76.9+3.6 64.6+2.3
12a 83.5+£2.5 64.1+£2.5
12b 75.8+3.5 62.7+3.7
12c 76.3+2.5 63.7+2.8
13 100.0+3.9 74.1+3.3
Doxorubicin 80.9+ 2.1 65.5+2.4

Hepatocyte growth factor
docking results
Docking simulations using Auto Dock vina

revealed significant interactions between the
nine compounds and c-Met with apparent
compatibility to the crizotinib binding pocket.
The docking simulations generated binding
affinities through the default scoring function of
vine as visualized in Figure 1 through PyMOL
visualization of best docking poses for each
docking run. Table 2 further represents the
generated  binding energies of the nine
compounds as well as crizotinib. Additionally, it
shows the residues involved in ligand
interaction surrounding the binding pocket at 4
A which were generated using PLIP tool in
Figure 2. The binding pocket of crizotinib
against c-Met was further analyzed to reveal the
characters of the necessary interactions for
selective inhibition of human c-Met. Crizotinib
interacts with its binding pocket through
extensive hydrophobic interactions with
residues Vall092, Leull57 and Tyr1230 and
hydrogen bonding with Prol158 and Metl160
along with aromatic 7-m interaction through
halogenated phenyl group with Tyrl1230 (Figure
2).

Regarding the computed affinities, compounds
10a, 10c, 12b and 13 exhibited the most stable
binding with the lowest AGb compared to the

receptor (c-Met)

Egypt. J. Chem. 66, No. 1 (2023)

computed binding energy of the approved drug
crizotinib. Moreover, compound 13 exhibited
the most stable docking poses with -11.1
kcal/mol binding free energy. This stable
interaction could be represented in Table 2
through the Dbinding interactions including
aromatic interactions through parallel n-stacking
with Tyr1230 which turns to be crucial for
binding affinity of crizotinib. Compound 13
also showed hydrogen bonding with Asnl167
and Asnll71 as well as  hydrophobic
interactions with Vall092, Leull57, Hisl162,
Asnl167, Phel 168, Argl170, Asnl171,
Alal226 andTyr1230.

Another group of compounds showed stable
binding as well including 10a, 10c and 12b with
-10.5, -10.5 and -10.6 kcal/mol binding energy
respectively.  All  nine compounds showed
strong aromatic interaction (Figure 2) as they
exhibited n-m interaction with Tyr1230 which is
a typical character of crizotinib. Hydrophobic
van der Waal’s interactions represented an
important contributor to the interaction among
the nine compounds as well as crizotinib where
residue Tyr896 was frequently involved in the
hydrophobic binding pocket that surrounds the
pyrazole ring in compounds 8, 10b, 10c, 12a,
12b, 12c and 13 which describes the role of
non-polar interactions. Polar Interactions were
also important for linking functional groups of
the docked compounds into main residues in the
predefined binding site. Furthermore, residue
Asnl167 established apparent hydrogen
bonding with all nine compounds as visualized
in docking poses at Figure 1. These docking
results are in agreement with the cytotoxic
screening results of the nine compounds.

Poly (ADP-ribose)
docking results

Docking simulations using Auto Dock vina
revealed significant interactions between the
nine compounds and PARP1 with apparent
compatibility to the olaparib binding pocket.
The docking simulations generated binding
affinities through the default scoring function of
vina as visualized in Figure 3 through PyMOL
visualization of best docking poses for each
docking run. Table 2 further represents the
generated  binding  energies of the nine
compounds as well as Olaparib. Additionally, it

polymerase 1 (PARP1)
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shows the residues involved in ligand
interaction surrounding the binding pocket at 4
A obtained from PLIP tool in Figure 4. The
binding pocket of olaparib against PARP1 was
further analyzed to reveal the characters of the
necessary interactions for selective inhibition of
human PARP1. Olaparib interacts with its
binding pocket through extensive hydrophobic
interactions with residues Tyr889 Tyr896 and
Tyr07 and hydrogen bonding with Gly863,
Arg878 and Tyr896 as well as =m-m interaction
with Tyr896 and Tyr907 which position the
pyrimidine ring through the nicotinamide
binding pocket (Figure 4).

Regarding the computed affinities, compounds
10a, 10b, 10c and 13 exhibited the most stable
binding with the lowest AGb compared to the
computed binding energy of the approved drug
olaparib. Moreover, compounds 10b and 10c
exhibited the most stable docking poses with -
12.4 kcal/mol binding free energy. This stable
interaction could be represented in Table 2
through the binding interactions including
aromatic interactions through parallel n-stacking
with Tyr907. Both compounds also showed
hydrogen  bonding with  His862,  Ser964,

Asn868, Gly876 and Arg878 as well as

hydrophobic interactions with Tyr§896, Ala898,
Lys903 and Glu988.

Another group of compounds showed stable
binding as well including 13 and 10a with -11.0
and -11.9 kcal/mol binding energy respectively.
All nine compounds showed strong aromatic
interaction (Figure 3) as they exhibited =n-m
interaction with Tyr907 which is a typical
character of olaparib. Although compounds 4
and 12a noticeably showed the highest AGb,
they still show strong interaction with the
predefined nicotinamide binding pocket.
Hydrophobic van der Waal’s interaction was
important contributor to the interaction among
the nine compounds as well as olaparib where
residues Vall092, Leull57 were frequently
involved in the hydrophobic binding pocket that
surrounds the pyrazole ring in compounds 8,
10b, 10c, 12a, 12b and 13 which describes the
role of non-polar interactions. Polar Interactions
were also linking functional groups of the
docked ligands into main residues in the
predefined binding site. Furthermore, residue
Arg878 established apparent hydrogen bonding
with the highly stable docked ligands 10b, 10c,
12a, 12b, 12c and 13 as visualized in docking
poses at Figure 3.

Table 2: The approximate free energies of binding (AGb) of the nine compounds and the
corresponding approved ligand 14 in the catalytic sites of both c-Met and PARP1 and neighboring

residues at 4 A computed by Autodock vina.

Compound | c-Met-Affinity Interacting residues with c-Met | PARP1- Interacting residues with

Code Affinity PARP-1
4 -9.0 Hydrophobic (Val1092, -9.9 Hydrophobic  (Ala898,
Aspl1222, Alal226, Tyr1230), Lys903, Tyr907), HBonds
HBonds (Asn1167), P(Tyr1230) (Ser864, Arg865, Asn868),

P(Tyr907)
8 -10.0 Hydrophobic -10.6 Hydrophobic (Tyr896,
(Val1092,Leu1157,Ala1226,Tyr12 Ala898, Lys903, Glu988),
30), HBonds (l1le1084, Asp1164, HBonds (His862, Asn868),

Argll166, Asnl1167, Aspl231, P(Tyr907)

P(Tyr1230))

10a -10.5 Hydrophobic (Arg1086, -11.9 Hydrophobic  (ILE872),
Val1092, Leull40, Leull57, HBonds (His862, Gly863,
Alal1221, Alal226), HBonds Lys903, Tyr907, Glu98s),
(Asp1164, Asnl1167, Tyr1230), P(Tyr907), Aromatic

P(Tyr1230) (His862)
10b -10.4 Hydrophobic (val1092, -12.4 Hydrophobic (Tyr896,
Leul157, Alal221, Alall2s, Ala898, Lys903, Glu98s),
Tyr1230), HBonds (Aspll64, HBonds (His862, Ser964,
Asn1167), P(Tyr1230) Asn868, Gly876, Arg878),
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P(Tyr907)

10c -10.5 Hydrophobic (Val1092, -12.4 Hydrophobic (Tyr896,
Leul157, Alal221, Alall2s, Ala898, Lys903, Glu9ss),
Tyr1230), HBonds (Aspl164, HBonds (His862, Ser964,
Asn1167), P(Tyr1230) Asn868, Gly876, Arg878),

P(Tyr907)

12a -10.3 Hydrophobic (Val1092, -10.5 Hydrophobic  (Arg878,
Leul1l57, Asnl1167, Argll70, Tyr896, Glu988), HBonds
Asn1171, Alal226), HBonds (Ser864, Asn868, Arg878),
(Asn1167, Asn1171), P(Tyr1230) P(Tyr907)

12b -10.6 Hydrophobic -10.7 Hydrophobic (11e872,
(val1092,Leu1157, Asnl1167, Tyr896, Glu988), HBonds
Argl1170,Asn1171,Asp1222 (Ser864, Arg878), P(Tyr907)
Ala1226), HBonds
(Asn1167,Asn1171), P(Tyr1230)

12c -10.4 Hydrophobic (Leu1157, -10.7 Hydrophobic (11e872,
Asnl1167, Tyr896, Glu988), HBonds
Argl1170,Asn1171,Asp1222 (Ser864, Arg878), P(Tyr907)
Alal226), HBonds
(Asn1167,Asn1171), P(Tyr1230)

13 -11.1 Hydrophobic -11.0 Hydrophobic  (Tyr896),
(Val1092,Leu1157, His1162, HBonds (Arg878), P(Tyr907)
Asn1167, Phell68, Arg 1170,
Asn1171, Alal226, Tyr1230),
HBonds (Asn1167,Asn1171),
P(Tyr1230)

Approve -10.4 Hydrophobic (Val1092, -10.8 Hydrophobic  (Tyr889,
d Ligand | (Crizotinib) Leull57, Tyr1230), HBonds (Opalarib) | Tyr896, Tyr907), HBond
(14) (Pro1158, Met1160), P(Tyr1230), (Gly863, Arg878, Tyr896),

Halogen bond (Ile1084) P(Tyr896), P(Tyr907)

The geometrical orientation of the nine docked
compounds preserved the allocation within the
binding sites of crizotinib on c-Met and olaparib on
PARP1 which could explain their competitive
binding affinities compared to the corresponding
approved ligand. Therefore, these compounds could
be promising ligands for selective inhibition of c-Met
and other tyrosine kinases as well as PARP1 which

might explain the observed anticancer activity of
these compounds in screening assay against HepG-2
and MCF-7 cell lines. Although the computational
study provided promising docking results regarding
selective inhibition of c¢-Met and PARPI, the
topology of the defined binding sites should be
considered for further molecular dynamics
simulations and specific binding assays.
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Figure 1: Visualized poses of the nine compounds and crizotinib (14) docked into c-Met represented using
PyMOL. Ligands are colored in cyan while labeled binding sites in green, hydrogen blonds in blue lines,

hydrophobic interactions in dashed grey lines and aromatic interactions in dashed green lines.
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Figure 2: Representative 2D-Ligand interaction diagrams for the nine compounds and crizotinib (14) using
LigPlot+.
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10b 10c 12a

Figure 3: Visualized poses of the nine compounds and olaparib (14) docked into PARPI represented using
PyMOL. Ligands are colored in cyan while labeled binding sites in green, hydrogen blonds in blue lines,
hydrophobic interactions in dashed grey lines and aromatic interactions in dashed green lines.
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Figure 4: Representative 2D-Ligand interaction diagrams for the nine compounds and olaparib (14) against
PARPI using LigPlot+.
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5. Conclusions

Novel 5,6,7,8-tetrahydronaphthalene bearing furan-2-
one and pyrazole heterocycles were prepared
according to the previously published methods. The
new heterocycles were examined in vitro for their
anti-tumor activities against HepG-2 and MCF-7
human carcinoma cell lines using MTT assay and the
initial results showed good anticancer activities
against both human liver (HepG-2) and human breast
(MCF-7) carcinoma types. The anticancer screening
results are in agreement with the docking results
against hepatocyte growth factor receptor, as a
potential target of wvariety of cancers including
hepatocellular carcinoma, and PARPI1, as potential
targets for breast cancer drug therapy.
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