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ARTICLE INFO ABSTRACT

Keywords: A new series of benzofuran derivatives has been designed and synthesized. The structures of the synthesized
Benzofuran compounds have been confirmed by the use of 'H NMR, '3C NMR, 2D ‘H-'H NOESY NMR, and IR. Anticancer
Hybridization activity is evaluated against Hepatocellular carcinoma (HePG2), mammary gland breast cancer (MCF-7), Epi-
:E:;:ji?::);ial theliod carcinoma cervix cancer (Hela) and human prostate cancer (PC3). Compounds 8, 9, and 11 showed the
PISK highest activity towards the four cell lines with an ICsg range of 8.49-16.72 uM, 6.55-13.14 pM and 4-8.99 M

respectively in comparison to DOX (4.17-8.87 uM). Phosphatidylinositol-3-kinases (PI3K) inhibition was eval-
uated against the most active anticancer compounds 8, 9 and 11. Compounds 8, 9 and 11 showed good
inhibitory activity against PI3Ka with ICsg values 4.1, 7.8, and 20.5 uM, respectively in comparison to 6.18 pM
for the reference compound LY294002. In addition, activity of compounds 8 and 9 on cell cycle arrest and in-
duction of apoptosis in different phases of MCF-7 cells were assessed and detected pre-G1 apoptosis and cell
growth arrest at G2/M. Also, both extrinsic and intrinsic apoptosis in MCF-7 cells induced by compounds 8 and 9.
Molecular docking, binding affinity surface mapping, and contact preference of the synthesized compounds 8, 9
and 11 against PI3K were estimated and studied computationally using molecular operating environment soft-
ware (MOE) and showed good interaction with essential residues for inhibition Val851. In addition, antimi-
crobial activity was evaluated against gram positive isolates as Staphylococcus aureus and Bacillus cereus, gram
negative isolate as Escherichia coli, Pseudomonas aeruginosa and antifungal potential against Candida albicans.
Compound 17 showed outstanding anti Gram-positive activity with MIC values 8 and 256 pg/mL in Staphylo-
coccus aureus and Bacillus cereus respectively. Also, compounds 15, 17, 18 and 21 showed good anti Gram-
negative activity with MIC value 512 ug/mL for all compounds. In addition, the state-of-art quorum sensing
(QS) inhibiting effects were detected using Chromobacterium violaceum and compounds 7, 9, 10, 11, and 12
showed good QS inhibition (3, 3, 5, 2, and 7 mm).

Quorum sensing
Molecular modeling
NOESY

1. Introduction create the urgent need to research, design and synthesis of novel anti-
cancer agents which have better activity and tolerability.’
Phosphatidylinositol-3-kinases (PI3K) pathways play an important role

for regulation of cell proliferation, growth, survival, differentiation,

In 2020, the American Cancer Society expects that approximately 2
million new cases of cancer with 600 thousand deaths in the United

States of America (USA) only.! To date, cancer management protocols
are either via resection, transplantation or using the chemotherapeutic
agents that have severe impact on the human healthy cells.” The hazard
on normal cells and resistance to the current chemotherapy protocols

motility, angiogenesis and apoptosis™® and significantly overexpressed
in cancer and some respiratory inflammations.® Alpelisib, a thiazole
containing drug, is the first PI3K inhibitor which was approved by FDA
for treatment of breast cancer in May 2019.” Aberrant activation of PI3K
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has been widely implicated in many cancers and increased the activity of
this pathway is often implicated in resistance to cancer therapy. In
cancer cells, uncontrolled signaling through PI3K can occur by multiple
mechanisms such as mutation, amplification of tyrosine kinase or PI3K
itself.®° PI3K signaling is initiated by the growth factor that binds to the
tyrosine kinase receptor leading to receptor dimerization. As a conse-
quence, lipid kinase PI3K is recruited to the internal docking site and
become activated. Then, PI3K converts membrane lipid phosphatidyli-
nositol 4,5-bisphosphate 2 (pip2) to its active Phosphatidylinositol 4,5-
bisphosphate 3 (pip3) which in turn leads to activation of key signaling
kinase Protein kinase B (AKT).'® AKT promotes cell growth through
protein synthesis driven by mammalian target of rapamycin (mTOR)
signaling and reduce cell death by blocking Forkhead box o class protein
(FOXO) activity which enhances translation and inhibits the
apoptosis.”!! In 2018, World Health Organization (WHO) announced
that the antibiotics resistance is one of the biggest threats to human
life.'* Antibiotics resistance is the cause of over than 33,000 deaths in
European Union in 2015.'° So, we need to discover new antimicrobial
compounds to fight resistant organisms. Benzofuran derivatives showed
a proven antimicrobial activity.'*"'” In this study, antimicrobial activity
was evaluated for the newly synthesized compounds.

Quorum Sensing (QS) is a technique used by microbes to perform
cell-cell communications through autoinducers which is a chemical
signal released by microbe.'® Bacteria produce signal molecules called
autoinducers that they capable of communicating and controlling pro-
cesses like biofilm formation and antibiotic resistance.'” The use of
molecules to confuse bacterial contact and virulence may therefore lead
to frustrating bacterial tolerance and to provide that successful con-
ventional treatment.”’ Considering drug discovery approaches, hybrid-
ization is an effective strategy in drug design. It’s applied to make a
fusion between two pharmacophore moieties in previously reported
active compounds.?! Benzofuran containing compounds as ebenfuran I,
I, and III which are natural compounds showing significant activity
against some types of cancer.’’ As well as thiazole derivatives have
significant anticancer activity as FDA approved, Alpelisib, and synthetic
thiazole derivative, TAP-07, which synthesized and shows a significant
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in vivo and in vitro activity against breast cancer.?® In addition, pipera-
zine (compound A) and hydrazone (compound B) derivatives have
anticancer activity.>*?° Also, hydrazo and azo groups have been re-
ported as antimicrobial activity enhancer®®?? (Fig. 1).

In this study, we aimed to design and synthesis a novel benzofuran-
thiazole, benzofuran-azo, benzofuran-hydrazo, and benzofuran-
piperazine hybrids and assess their activity as anticancer and antimi-
crobial drugs (chart 1). The synthesized compounds were assessed for in
vitro cytotoxicity against a panel of four tumor cell lines, namely, he-
patocellular carcinoma (HePG2), mammary gland breast cancer (MCF-
7), epithelioid carcinoma cervix cancer (Hela) and human prostate
cancer (PC3). Although, the safety index was assessed in vitro using
human lung fibroblast (WI38) cell line. Furthermore, the most potent
compounds were tested for their effect on cell cycle distribution and
apoptosis in addition to the enzymatic inhibitory potency on PI3K as a
promising mechanism of their anticancer activity. In addition, the newly
synthesized compounds were assessed for antimicrobial activity and
determine minimal inhibitory concentrations for the active compounds
against Gram positive organisms such as Bacillus cereus UW85, Staphy-
lococcus aureus ATCC 29,213 and against Gram negative isolates
including Escherichia coli ATCC 12435, Pseudomonas aeruginosa PAOL.
Furthermore, the antifungal potential of the compound was evaluated
against Candida albicans CS351, and QS inhibitory concentration against
Chromobacterium violaceum.

2. Result and discussion
2.1. Chemistry

2-(1-(Benzofuran-2-yl)ethylidene)hydrazinecarbothioamide (3) was
utilized as a starting material in benzofuran-thiazole hybrids and it was
synthesized as shown in Scheme 1. 2-Acetyl benzofuran (2) is synthe-
sized by reaction of salicylaldehyde with chloroacetone in dry acetone in
presence of potassium carbonate.> Carbonyl group of compound 2 was
reacted with thiosemicabazide (TSC) in ethanol with catalytic amount of
glacial acetic acid to give thiosemicarbazone 3°' (Scheme 1).
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Fig. 1. Reported antitumor benzofuran, thiazole, piprazine, hydrazo compounds.
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Scheme 1. Reaction conditions: (a) dry acetone, K5COs, (b), (c), (d), (e) and (f) EtOH, glacial HOAc, reflux.

Thiosemicarbazone 3 is the key intermediate for the synthesis of thia-
zoles 4-11 via the reaction of a-haloketones as phenacyl bromide de-
rivatives, 4-choloroacetoacetate, 2-bromoacetyl benzofuran and
chloroacetone with thioamide in ethanol and catalytic amount of glacial
acetic acid through Hantzsch thiazole synthesis according to reported
procedure®”° to give 4-substituted thiazole with different moieties as

p-substituted phenyl 4-8, ethylethanoate 9, benzofuran 10, and methyl
11 derivatives respectively (Scheme 1).

The structure of the new compounds 4-11 were confirmed by 'H
NMR at &: 7.10 to 7.47 (s, 1H) to singlet proton for all compounds of
thiazole scaffold, &: 7.91 to 7.24 (2CH) for compounds 4-8 phenyl
moiety, 8: 2.33 (CH3) for compound 6 of methyl protons of 4-
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methylphenyl group, &: 3.85 (CHgs) for compound 7 of methyl protons of
4-methoxyphenyl group, 6: 7.43 (CH) triplet peak for compound 8 of 4-
proton of phenyl group, &: 1.22 (CHs) for compound 9 of side chain, &:
7.10 (CH) for compound 10 benzofuran scaffold, &: 1.56 (CHs) for
compound 11 of 4-methlythiazole group. Also, >C NMR spectral data of
all compounds confirmed their structures. 2D 'H-'H homonuclear
NOESY is important method to deep understanding of the relation be-
tween protons. It was recorded on 600 MHz NMR machine with 320 ms
mixing time to confirm the structure of compound 7. Strong cross peaks
are observed between spins 7.8 and 7.02 & between 7.6 and 6.94 ppm
(Fig. 2). Moreover, elemental analysis supported the expected struc-
tures.Fig 3.

The key intermediate 1-(benzofuran-2-yl)-3-(dimethylamino)prop-
2-en-1-one (12) was utilized as a starting material in the second series of
newly synthesized compounds and it was prepared by addition of
dimethylformamide dimethylacetal (DMFDMA) to a solution of com-
pound 2 in dry xylene.*® Compounds 13-18 were synthesized by addi-
tion of aryldiazonium chloride to compound 12 in presence of sodium
acetate to produce the desired hybrid as shown in Scheme 2.%”

The structure of the new compounds 17-22 were confirmed by 'H
NMR at &: 9.9 to 14.78 (exchangeable H) and new four aromatic proton
for all compounds. Also, *C NMR spectral data of all compounds dis-
played '3C peaks which confirms their structure. Moreover, elemental
analysis supported the expected structures. It was found that diazotized
aryl derivatives couples readily with the aminovinyl ketones to produce
products of coupling and hydrolysis of dimethylamino moiety. The
coupling products can thus be formulated as the hydrazone forms (E-
form and Z-form) or potential tautomeric keto enol forms or a mixture of
one or more of these forms as shown in Fig. 3.°® Intramolecular
hydrogen bond in compounds 13-18 is confirmed by 'H NMR as shown
in Fig. 4 which represented the chart of compound 13.

Willgerodt’s reaction is used to synthesize novel benzofuran-
piprazine hybrid by mixing of N-methyl piprazine to 2-acetyl benzo-
furan (2) in presence of sulfur and potassium carbonate in glycerol to
produce compound 19 (Scheme 3).%9 (1-(Benzofuran-2-yl)ethylidene)
hydrazine (20) is previously reported as intermediate for many reactions

Strong NOESY Cross Peaks between peaks at 7.8 and 7.02 ppm I

And between 7.6 and 6.94 ppm
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that contains primary amine which can intermediate many reactions.*’
Compound 20 was prepared by addition of hydrazine hydrate to 2-acetyl
benzofuran (2) in ethanol.*® Several procedures were reported for the
synthesis of dithocarbamate derivatives. They can be prepared from the
reaction of alkyl halide with carbon disulfide and secondary amine in
presence of NaOH in DMF,41 CsoCO3 in acetone,42 KOH in DMF,43 or
Na3zPO, in DMF." In this study, compound 21 were synthesized by
adding of carbon disulfide to compound 20 and alkyl halide in presence
of anhydrous sodium phosphate in DMF to produce the desired hybrid
21 as shown in Scheme 3.*

Compounds 22 and 23 were prepared via Schiff-base condensation of
adding primary amine (1-(benzofuran-2-yl)ethylidene)hydrazine (20)
to a solution of appropriate aryl aldehyde derivative in absolute ethanol
to produce desired derivatives 22 and 23 as shown in Scheme 3.4

The structure of the new compound 19 were confirmed by 'H NMR at
8: 2.23 to 4.23 (4CHy) of piprazine and &: 2.25 (CHs) of N-methyl group.
The structure of the new compound 21 were confirmed by 'H NMR at &:
3.86 (CHy) and the appearance of new four aromatic proton peaks. The
structure of the new compounds 22-23 were confirmed by 'H NMR at &:
8.91 or 8.94 (s, CH) and new four aromatic proton for all compounds.
Also, '3CNMR spectral data of all compounds displayed 3¢ peaks which
confirmed their structure. Moreover, the IR spectra supported the ex-
pected structures of compounds 22 and 23 with the absence of two
strong absorption band in region 3300-3500 cm ™! which was due to the
primary amine in compound 20. Compound 21 IR spectrum supported
the expected structure with strong absorption band in region
1705-1725 cm ™! resulting from carbonyl group.

2.2. Invitro antitumor evaluation using MTT assay

All the newly synthesized compounds 4-11, 13-15 and 17-23
cytotoxicity were evaluated against four cancer cell lines using doxo-
rubicin (DOX) as reference drug. The panel consisted of hepatocellular
carcinoma (HePG2), mammary gland breast cancer (MCF-7), epitheliod
earcinoma cervix cancer (Hela) and human prostate cancer (PC3). The
cell lines were obtained from the American Type Culture Collection

5.8 e

Fig. 2. 2D 'H-'H homonuclear NOESY of compound 7.
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(ATCC) via Holding company for biological products and vaccines
(VACSERA), Cairo, Egypt. The results are summarized in Table 1 and
Fig. 5. The compounds which were synthesized by hybridization of
benzofuran and thiazole pharmacophores 4-11 showed significant
higher inhibition activity rather than other newly synthesized com-
pounds. Compounds 8, 9, and 11 showed the highest activity with an
ICs09, range of 8.49-16.72 pM, 6.55-13.14 uM and 4-8.99 uM respec-
tively in comparison to DOX (4.17-8.87 uM). Compound 11 with 4-
methyl substituted thiazole ring showed higher activity than all

compounds that have 4-phenyl substituted thiazole ring. Substitution at
position 4 with unsubstituted phenyl group is higher activity than sub-
stitution with open chin which is higher activity than para-substituted
phenyl group and showed medium activity towards the four cell lines.
Benzofuran-benzylidine, Benzofuran-dithiocarbamate, benzofuran-aryl
hydrazone, and benzofuran-piperazine hybrids showed lower activity
than benzofuran-thiazole hybrids. For benzofuran-thiazole hybrids, the
activity towards the four cell lines can be arranged in ascending order as:
p-Br, p-Cl, p-OCHs, p-CHs, then unsubstituted phenyl.
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2.3. Invitro cytotoxicity against human normal cells

Assessment of the selectivity of newly synthesized compounds be-
tween normal and cancer cell was performed. All compounds were
evaluated against one of the available cell lines namely: Human lung
fibroblast (WI38) cell line using doxorubicin (DOX) as a reference drug.
The results are summarized in Fig. 6. The most active compounds 9, 8
and 11 showed lower toxicity towards WI38 (ICso = 36.77 uM, 41.70 uM
and 44.31 pM, respectively) in comparison to DOX (ICsp = 6.72 uM)
against WI38. Compound 13 (ICso = 83.48 uM) had a lower toxic effect
than DOX on the normal WI38 cells. Herein, the toxicity results on
normal cell indicate that the most active compounds 9, 8 and 11 have
very strong activity toward the four tested cell lines with an ICsqo, range

of 4-8.99 uM, 6.55-13.14 uM and 8.49-16.72 pM respectively (DOX
ICs09, range 4.50-8.87) but with higher safety index which is more than
DOX (ICsp9% = 6.72) by 5.5 to 6.6 folds on WI38 cell line with ICsqo,
44.31, 41.70, and 36.77 respectively.

2.4. Human PI3Ka enzyme inhibitory assay

Compounds 8, 9 and 11, which display the highest activity against
the four tested cancer cell lines, were assessed for their inhibitory ac-
tivity against human PI3Ka enzyme relative to the reference compound
LY294002, which is a potent PI3Ka inhibitory drug.® Compounds 8, 9
and 11 showed good inhibitory activity against PI3Ka with ICsq values
4.1, 7.8, and 20.5 pM, respectively in comparison to 6.18 uM for
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Table 1
In vitro antitumor activity (ICso, uM) of the tested compounds and doxorubicin.

Compound In vitro cytotoxicity ICso (uM)

HePG2? MCEF-7° Hela® pc3d
4 27.72 + 2.3 33.16 + 2.8 32.72 + 2.5 4524 + 2.9
5 23.18 + 2.0* 29.88 + 2.5 26.63 + 2.3 38.10 + 2.8
6 14.06 + 1.3* 11.06 + 0.9* 14.30 + 1.2* 21.36 + 1.7*
7 15.69 + 1.5* 18.92 + 1.6* 18.72 + 1.7¢ 28.87 + 2.2
8 10.31 + 0.9" 8.49 + 0.7 11.71 + 1.0* 16.72 + 1.3*
9 7.74 + 0.4 6.55 + 0.5" 9.26 + 0.8" 13.14 + 1.0*
10 21.25+ 1.8 25.56 + 2.2 2413 + 2.1 34.20 + 2.6
11 4.00+0.2" 4894+0.3" 897 +0.6" 8.99 4+ 0.7 "
13 42,10 + 2.9 54.39 + 3.5 59.19 + 3.4 56.26 + 3.5
14 37.29 £ 2.7 49.32 + 3.5 38.22 +2.9 51.82 + 3.3
15 46.76 + 2.9 58.61 + 3.7 63.25 + 3.8 61.98 + 3.7
16 52.27 + 3.1 66.15 + 3.9 69.43 + 4.0 63.30 + 3.9
17 72.37 + 3.5 83.61 + 4.3 75.02 + 4.2 77.58 + 4.3
18 35.36 + 2.6 43.20 + 3.3 37.82 + 2.7 49.64 + 3.1
19 64.53 + 3.2 73.50 + 4.1 87.03 + 4.7 83.82 + 4.5
21 31.88 + 2.4 38.42 + 3.0 46.94 + 3.1 73.29 + 4.1
22 77.36 + 3.9 88.46 + 4.6 >100 >100
23 86.55 + 4.3 >100 >100 91.82 + 4.9
DOX 4.50 + 0.2 417 +0.2 5.57 + 0.4 8.87 + 0.6

a Hepatocellular carcinoma (HePG2). b Mammary gland Breast cancer (MCF-7).
c Epitheliod Carcinoma Cervix cancer (Hela).

d Human prostate cancer (PC3). ICso: compound concentration required to
inhibit tumor cell proliferation by 50% (Mean =+ SD, n = 3).

ICs50 (uM). 11-10 (very strong), *11-25 (strong), 26-50 (moderate), 51-100
(weak), >100 (non-toxic). DOX: doxorubicin as a reference drug.

compound LY294002 (Table 2). Compound 8 has the highest activity
(ICs50 = 4.1 uM) and has higher inhibitory activity than LY294002. The
cytotoxicity compounds 8, 9, and 11 against the four tested cancer cells
showed an excellent matching with the enzymatic inhibition of PI3Ka
parallel with the calculating docking interaction energy values. These
results strongly suggested that the PI3Ka inhibitory mechanism might be

DOX
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one of the main modes of action of the anticancer activity of the syn-
thesized compounds especially compound 8 with potent activity against
PI3Ka.

2.5. Cell cycle arrest analysis

The good results of cytotoxicity and enzyme inhibitory assays led to
the examination of the effect of compounds 8 and 9 on cell cycle dis-
tribution and induction of apoptosis in different phases of MCF-7 cells.
MCF-7 cells were treated with compounds 8 and 9 for 24 h, stained with
propidium iodide (PI), and analyzed by flow cytometer (FCM), the re-
sults are shown in Table 3 and Fig. 7. Compounds 8 and 9 decreased cell
proportions at S phase to 29.57% and 33.71% respectively in compari-
son to the control cells (36.26%). Also, the results of compounds 8 and 9
showed that cells were arrested in G2-M phase of the cell cycle at 24 h by
30.82% and 22.34% respectively in comparison to the control cells
(9.85%). Compounds 8 and 9 induced block in GO-G1 phase by 39.61%
and 43.95% respectively in comparison to the control cells (53.89%).
The induced apoptosis was determined by assessing the percent of cells
blocked in the pre-G1 phase: 29.93% and 17.66% respectively of cells
were found in the pre-G1 phase after 48 h exposure of 8 and 9 respec-
tively compared to the control cells (1.78%).

2.6. Detection of apoptosis

Both extrinsic and intrinsic apoptosis in MCF-7 cells induced by
compounds 8 and 9 were also assessed by Annexin V and PI staining. In
this study, MCF-7 cells were incubated with 8 and 9 for 24 h. Com-
pounds 8 and 9 was found to induce an early apoptotic effect 5.92% and
3.27% in MCF-7 at 24 h respectively and to enhance late apoptotic in-
duction 14.65 and 8.1% by 98-fold and 54-fold respectively compared to
the control cells (0.15%). Cumulatively, compounds 8 and 9 induced
apoptosis with 29.93% and 17.66% respectively, the results are shown

8
£ 100
©
o
%5 80~ -# HePG2
2 -+ PC3
5 60
s -+ Hela
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Fig 5. Relative viability of cells (%) against concentration of the newly synthesized compounds.
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Fig 6. Invitro cytotoxicity (ICso, uM) of the synthesized compounds against human normal cells (WI38). ICs: compound concentration required to inhibit normal cell
proliferation by 50% (Mean + SD, n = 3). ICsg (uM). 11-10 (very high toxicity), *11-25 (high toxicity), 26-50 (moderate toxicity), 51-100 (weak toxicity), >100

(non-toxic) DOX: doxorubicin as a reference drug.

Table 2
ICs0 values of compounds 8, 9, and 11 against PI3Ka.

Compound Enzymatic ICso (uM)
8 4.1+0.2

9 7.8+ 0.3

11 20.5 + 0.7
LY294002 6.18 +£ 0.2

Table 3
Effect of compound 8 and 9 on the cell cycle phases in MCF-7 cells.
Compound Cell cycle distribution (%) Comment
GO- S G2/ Pre-
G1 M Gl
8 39.61 29.57 30.82  29.93 Pre-G1 apoptosis and cell
9 43.95 33.71 2234 17.66 growth arrest at G2/M
Control 53.89 36.26 9.85 1.78
MCEF-7

in Figures 8 and 9. Compounds 8 and 9 induced necrotic effect 9.36%
and 6.29% 5.92% and 3.27% in MCF-7 at 24 h respectively compared to
the control cells (1.21%).

Assessment of antimicrobial activity and antiquorum-sensing inhib-
itory activity

The antimicrobial activity of compounds 4-18 and 21-23 were
evaluated against Gram-positive organisms (Bacillus cereus UW85 and
Staphylococcus aureus ATCC 29213), Gram-negative isolates (Escherichia
coli ATCC 12,435 and Pseudomonas aeruginosa PAO1) and fungi (Candida

albicans CS351). The screening was carried out following the two-fold
serial dilution assay by using ampicillin as a reference antibacterial
agent and fluconazole as a reference antifungal drug.”” The results are
summarized in Table 4. Diazotized aryl derivatives (Scheme 2) showed
higher antimicrobial activity than other synthesized benzofuran
derivatives.

For Gram-positive bacteria, compounds 13, 14, 15, 16, 17 and 18
showed good inhibition zone diameter in Staphylococcus aureus culture
with 7, 9, 6, 7, 7 and 6 mm respectively in comparison to ampicillin (6
mm). Also, compounds 11, 13, 14, 15, 16 and 17 showed good inhibi-
tion zone diameter in Bacillus cereus culture with 11, 5, 6, 6, 8 and 6 mm

Apoptosis
40
N Total
30 mm Early
B Late
20 Bl Necrosis

Control MCF-7

8 9

Fig 8. Effect of compound 8 and 9 on apoptosis and necrosis in MCF-7 cells.
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Fig 7. Effect of compounds 8 and 9 on the cell cycle distribution of MCF-7 cell line.
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Fig 9. Apoptosis effect on MCF-7 cell line induced by compounds 8 and 9.

Table 4
Antimicrobial and antiquorum-sensing activities of the synthesized compounds.

Compound No. Inhibition zone diameter (mm)

QS inhibition (mm)

Gram-positive bacteria

Gram-negative bacteria

Fungi Ch. Violaceum

S. aureus B. cereus E. coli

P. aeruginosa C. albicans

0 N U
|
|
1

9 _ _ _
10 -
11 7 11 -
12 - -
13 7 5

14 9 6

15 6 6 -
16 7 8

17 7 6

18 6 -

21 - - -
22 - - -
23 - - -
Ampicillin 6 10 10
Fluconazole NA NA NA

I
|
w |

|
=
o
NN gw |

respectively in comparison to ampicillin (10 mm) (Table 4). By these
observations, the benzofuran-aryl hydrazone hybrids show higher ac-
tivity then other hybrids. Also, the activity against gram-positive bac-
teria significantly affected by the substitution of phenyl ring and it can
be increased by p-Cl, m-CH3, 0-CH, p-CH3 then p-NO; substitution.

For Gram-negative bacteria, compounds 15, 17, 18, and 21 showed
good inhibition zone diameter in Pseudomonas aeruginosa with 10, 10, 10
and 8 mm. (Table 4).

More importantly, compounds 11, 12, 17, 18 and 21 showed good
antifungal activity inhibition zone diameter in Candida albicans culture
with 10, 5, 8, 9 and 5 mm respectively in comparison to fluconazole (8
mm) Table 4. Compounds 4-18 and 21-23 QS inhibitory activity were
evaluated against Ch. violaceum. Compounds 7, 9, 10, 11 and 12
exhibited QS inhibitory effect (Table 4). The summary of antimicrobial
and antiquorum-sensing activities of the most active new compounds is
shown in Chart 2 (created using BioRender).

2.7. Determination of minimal inhibitory concentrations (MICs)

The compounds that showed good inhibition zone diameter were
subjected to MIC measuring to assess the lowest concentration of

compound that inhibits microbial growth (MIC, u g/mL). For Gram-
positive bacteria, compounds 17, m-Cl substituted, and 18, p-NO3
substituted, have outstanding effectiveness towards S. aureus with value
8 ug/mL for both compounds in comparison to ampicillin (128 pg/mL).
Also, compounds 11 and 16 showed potent efficacy towards S. aureus
than ampicillin with 64 ug/mL. Furthermore, compounds 13, 14 and 15
showed good activity towards S. aureus that similar to ampicillin with
MIC equals 128 pg/mL. On behalf their efficacy towards S. aureus,
compounds 11 and 16 showed good activity towards B. cereus with MIC
equals 128 pg/mL and compounds 13, 14, 15 and 17 showed good ac-
tivity with MIC equals 256 pug/mL (Table 5). For Gram-negative bacteria,
compounds 15, 17, 18 and 21 showed good activity towards
P. aeruginosa with MIC equals 512 pg/mL (Table 5). For antifungal ac-
tivity, compound 11 showed potent efficacy than fluconazole (256 ng/
mL) with 128 ug/mL. Moreover, compounds 12, 18 and 21 showed good
antifungal activity as fluconazole with MIC equals 256 pug/mL (Table 5).
Finally, Compound 17 has outstanding efficacy towards S. aureus, B.
cereus, P. aeruginosa and C. albicans (Table 5).
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Chart 2. Summary of antimicrobial and antiquorum-sensing activities of the most active new compounds.

Table 5
A Minimal inhibitory concentration of the synthesized compounds.

Compound No. Minimal inhibitory concentration (MIC; ug/mL)

S. aureus B. cereus P. aeruginosa C. albicans
9 _ _ _ _
10 - - - -
11 64 128 - 128
12 - - - 256
13 128 265 - -
14 128 265 - -
15 128 265 512 -
16 64 128 - -
17 8 256 512 512
18 8 - 512 256
21 - - 512 256
Ampicillin 128 128 >5000 -
Fluconazole NA NA NA 256

2.8. Molecular modeling

2.8.1. Molecular docking study

In 2013, Furet et al published the co-crystal Structures of the PI3Ka
and its interaction with Alpelisib.*® Computational molecular modeling
study was conducted to demonstrate the interaction between the

10

synthesized compounds and PI3Ka using Molecular Operating Envi-
ronment program (MOE). The docking study was conducted on com-
pounds 8, 9, and 11 as the ligands, where the complex between PI3Ka
and Alpelisib was selected as the docking model (PDB code: 4JpS).*8
Also, LY294002 tested for its interaction with PI3Kx as shown in Table 6.

In order to understand the mode of inhibition of PI3Ka by the newly
synthesized compounds, molecular modeling was essentially required.
A comparative modeling analysis between of the highly active com-
pounds 8, 9, and 11 compared to Alpelisib and LY294002. Alpelisib
demonstrated a strong binding through interaction with the hydrogen
bond network including three water molecules and the Tyr836, Asp810,
Asp933 and Lys802 side chains. Also, Lys802 residue made a hydrogen
bond with one fluorine atom of the trifluoromethyl. Also, pair of
donor-acceptor hydrogen bonds between amide group and residue of

Table 6
Docking interaction energy of compounds 8, 9, and 11 against PI3Ka.

Compound Docking interaction energy (kcal/ mol)
8 -7.1
9 —6.4
11 —6.1
LY294002 —6.5
Alpelisib -8.1
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GIn859 and Val851 were showed (see Table 7).

Compound 8 showed a good fitting of the pocket and showed also
pair of backbone donor between nitrogen and sulfur atoms and residue
of Val851. The aligned conformation of compound 8 in binding site was
aligned completely inside the pocket surface map explaining its activity
experimentally (Fig. 10 (8b)). Compound 9 showed side chain acceptor
with residue of GIn859, in addition to backbone donor with residue of
GIn859. Compound 11 showed arene-H interaction and made with
Arg770 and GIn859 two arene-cation and two arene-H interactions
respectively Fig. 10.

2.8.2. Surface mapping

In additional confirmatory examination step to ensure the similarity
between the most active compounds’ binders to PI3K enzyme surface
mapping study was performed for the conformers with the reference
compound with interactions with pocket residue and with comparison
with lowest energy. Fig. 11 showed nearly typical surface mapping
contours of active compounds in interaction with selected enzyme.
Therefore, that could be contributing to their good binding to our
selected enzymes and put more evidence that their compounds anti-
cancer activity may be due to PI3K inhibition (Fig. 12).

2.8.3. Contact preference

The purpose of the Contact Statistics application is to calculate from
the 3D atomic coordinates of ligand preferred sites for hydrophobic and
hydrophilic ligand atoms. Particularly, the purpose of this work was to
study the interactions between the chemical components of the ligands
and the protein microenvironment surrounding them. The results
showed that the information underlying the fragment contacts is valu-
able as shows the similarity pattern of distribution of the hydrophobic
and hydrophilic sites between our ligands 8, 9, 11, and alpelisib
(Fig. 13) and can also be exploited in understanding results of molecular
docking simulations.

Better understanding of these moieties’ interaction patterns can lead
to better application of ligand-binding prediction, protein function
recognition and drug design tools.

2.9. Physicochemical properties and Lipinski’s rule of five

The most active synthesized compounds 8, 9 and 11 were tested in
order to verify compliance with the Lipinski rule of five relative to
Alpelisib. Calculations were performed by SwissADME web service.*’
Predictions of ADME properties for the synthesized compounds are
given in Table 7. The results found that the synthesized compounds
comply with Lipinski’s rule, similar to Alpelisib, suggesting that these
compounds would possess drug-likeness characters. Predictions of water
solubility of these compounds and Alpelisib found that all compounds
have mostly similar solubility with Alpelisib, however, the topological
polar surface area (TPSA) values for 8, 9 and 1 1 are 78.66, 104.96 and
78.66, respectively, in comparison to Alpelisib (TPSA = 129) and
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potentially it may confer better gastrointestinal absorption for all com-
pounds than Alpelisib, which marketed as oral tablets,.

3. Conclusion

A new benzofuran derivatives has been designed and synthesized.
The structures of the synthesized compounds have been confirmed by
the use of 'H NMR, *3C NMR. 2D 'H-'H NOESY NMR used to evaluate
the structure of some compounds based on distance between atoms. The
newly synthesized compounds was evaluated for their in vitro anticancer
activity against HePG, MCF-7, Hela, and PC3 cell lines. Although, the
safety index was assessed in vitro using WI38 cell line. Compounds 11, 9,
and 8 showed the highest activity with an ICso range of 4-8.99 uM,
6.55-13.14 uM and 8.49-16.72 uM respectively. PI3K was selected for
evaluation as a target for the most active anticancer compounds 8, 9 and
11. Compound 8 showed the highest activity against PI3Ka inhibition
with ICsg values 4.1. Also, compounds 9, and 11 showed good inhibitory
activity against PI3Ka with ICsg values 7.8, and 20.5 uM, respectively in
comparison to 6.18 pM for compound LY294002. Molecular docking and
binding affinity of the synthesized compounds were estimated and
studied computationally using molecular operating environment soft-
ware (MOE) as PI3Ka inhibitor. In addition, antimicrobial activity was
evaluated against gram positive isolates as Bacillus cereus and Staphylo-
coccus aureus gram negative isolate as Escherichia coli and Pseudomonas
aeruginosa and Candida albicans. Compound 11, 13, 14, 15, 16, and 17
showed higher activity than ampicillin against Gram positive organisms.
Also, compounds 15, 17, 18 and 21 showed a good activity against
Gram negative Pseudomonas aeruginosa. Although, Compounds 12, 17,
and 21 showed antifungal activity higher than fluconazole. Also, Com-
pound 17, m-methyl substituted, has least MIC than other active com-
pounds against S. aureus. Compound 11 showed better results than
fluconazole against C. albicans. Compound 16 showed a better MIC than
ampicillin against Gram positive organisms. In addition, the quorum
sensing inhibiting effects were detected using Chromobacterium viola-
ceum. Compounds 7, 9, 10, 11, and 12 showed better QS inhibitory
activity.

4. Experimental
4.1. Chemistry

Melting points (°C) were recorded using a Stuart melting point
apparatus and are uncorrected. IR spectra (KBr) were recorded on
Thermo Fisher SCIENTIFIC Nicolet IS10. Spectrometer (v in cm ) at
Faculty of Pharmacy, Mansoura University. 'H NMR and '°C NMR
spectra were obtained in BRUKER 400 MHz and BRUKER 600 MHz using
TMS as internal standard (chemical shifts in ppm, & units) at NMR unit,
Faculty of Pharmacy, Mansoura University, Egypt and the NMR facility
in the School of Medicine, University of Colorado, Denver, USA. Mass
spectra were carried out on direct inlet part to mass analyzer in Thermo

Table 7

Solubility, topological surface area and calculated Lipinski’s rule of five for compounds 8, 9, 1 1 and Alpelisib.
Comp. Log S TPSA” MW*© Mlog P* nRB® nHBA' nHBD ¢ nvio"
8 —5.74 78.66 333.41 4.42 4 3 1 0
9 —4.49 104.96 343.40 3.27 7 5 1 0
11 —4.55 78.66 271.34 3.40 3 3 1 0
Alpelisib —4.42 129 441.5 2.95 4 8 2 0

# Solubility parameter.

b Topological polar surface area (A2).

¢ Molecular weight (g/mol)

d Lipophilicity parameter.

¢ Number of rotatable bonds

f Number of hydrogen bond acceptors.

8 Number of hydrogen bond donor.

" Number of violations to Lipinski’s rule of five.

11
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Alpelisib

Fig 10. 2D binding mode and residues involved in the recognition of the most active compounds 8, 9, 11, Alpelisib and LY294002 against PI3Ka 8b is the aligned

conformation of compound 8 (ball and stick) occupying pocket (surface mapping).

Scientific GCMS model ISQ at the Regional Center for Mycology and
Biotechnology (RCMB), Al-Azhar University, Egypt. The completion of
reactions was monitored using thin layer chromatography (TLC) plates,
Silica gel 60 F254 precoated (E. Merck) and the spots were visualized by
UV (366 nm). All chemicals have been purchased from Sigma-Aldrich
and used without further purification. Compounds 2,°° 3,%! 12°¢ and
20" were prepared according to the literature.

4.1.1. General procedure for the preparation of compounds (4-11)
In 50 ml flask, to a solution of compound 3 (0.23 g, 1 mmol) in

12

absolute ethanol (20 ml), appropriate a-halo ketone (1 mmol) was added
to above solution and few drops of glacial acetic acid were added. The
reaction mixture was refluxed for 24 h then partially concentrated under
reduced pressure and left to cool. The separated solid product was
filtered off and recrystallized from ethanol.

4.1.2. (E)-2-(2-(1-(benzofuran-2-ylethylidene)hydrazinyl)-4-(4-
bromophenyDthiazole (4).

Buff solid, mp = 254-256 °C, Yield = 70%. 'H NMR (400 MHz,
DMSO-dg): 6 = 7.85 (d, J = 7.8 Hz, 2H), 7.68 (d, J = 7.7 Hz, 1H), 7.63
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G1n859

Alpelisib

Fig 11. 3D surface map for compounds 8, 9 and 11. Pink: hydrophilic, white: neutral, green hydrophobic.
- 8 a
9
18
11 ?

Fig 12. Surface map for compounds 8, 9, 11 and 18. Pink: hydrophilic, white: neutral, green hydrophobic.
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e~y

Alpelisib

Fig 13. Contact statistics map for compounds 8, 9, 11, and alpelisib (hydrophobic: green, hydrophilic: red). (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)

(m, J = 6.4 Hz, 3H), 7.47 (s, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.32 (s, 1H),
7.28 (t,J = 7.4 Hz, 1H), 4.11 (s, exchangeable H), 2.36 (s, 3H). 3C NMR
(100 MHz, DMSO-dg): § = 155.06, 153.91, 131.87, 128.59, 126.04,
124.52,124.17, 123.80, 122.05, 121.70, 111.73, 107.00, 14.36. MS m/z
(%): 411.16 (M, 100), 413.17 (M2, 94.6). Elemental analysis for
C19H14BrN30S, calculated C, 55.35; H, 3.42; Br, 19.38; N, 10.19; O,
3.88; S, 7.78. Found: C, 55.43; H, 3.53; Br, 19.49; N, 10.31; O, 3.48; S,
7.98.

4.1.3. (E)-2-(2-(1-(benzofuran-2-yl)ethylidene) hydrazinyl)-4-(4-
cholorophenyl)thiazole (5)°°

Yellow solid, mp = 248-250 °C, Yield = 73%. IR (KBr, cm™1): 3229
(NH) 1640 (C=N). H NMR (400 MHz, DMSO-dg): 6 =7.91 (d, J = 8.2
Hz, 2H), 7.68 (d, J = 7.7 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 7.49 (d, J =
8.3 Hz, 2H), 7.45 (s, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.31 (s, 1H), 7.28 (t, J
= 7.4 Hz, 1H), 3.81 (s, exchangeable H), 2.36 (s, 3H). >C NMR (100
MHz, DMSO-dg): 6 = 169.72, 154.98, 154.12, 138.92, 134.00, 132.42,
129.14, 128.64, 127.73, 125.89, 123.76, 121.98, 111.70, 106.56,
105.77, 14.30. MS m/z (%): 367.16 (M*, 100), 369.12 (M+2, 42.02).
Elemental analysis for C19H;4CIN3OS, calculated: C, 62.04; H, 3.84; Cl,
9.64; N, 11.42; 0O, 4.35; S, 8.72. Found: C, 62.26; H, 3.95; Cl, 9.53; N,
11.53; O, 4.15; S, 8.83

4.1.4. (E)-2-(2-(1-(benzofuran-2-ylethylidene)hydrazinyl)-4-(4-
methylphenyDthiazole (6)

Orange solid, mp = 286-288 °C, Yield = 75%. 'H NMR (400 MHz,
DMSO-dg): 6§ =7.78 (d,J=7.5Hz, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.64 (d,
J=8.3Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.32 (s, 1H), 7.30 (s, 1H), 7.28
(s, 1H), 7.24 (d, J = 7.6 Hz, 2H), 4.12 (s, exchangeable H), 2.36 (s, 3H),
2.33 (s, 3H). '3C NMR (100 MHz, DMSO-dg): § = 160.14, 155.84,
152.86, 145.16, 131.10, 130.30, 128.93, 128.08, 126.84, 124.34,
124.14, 123.13, 113.44, 112.30, 21.88, 15.83. Elemental analysis for
CooH17N308, calculated: C, 69.14; H, 4.93; N, 12.09; O, 4.61; S, 9.23.
Found: C, 79.14; H, 4.83; N, 12.39; O, 4.11; S, 9.35.

4.1.5. (E)-2-(2-(1-(benzofuran-2-yDethylidene)hydrazinyl)-4-(4-
methoxyphenyDthiazole (7)

Pale pink solid, mp = 263-265 °C, Yield = 70%. H{ NMR (400 MHz,
DMSO-dg): 6 =7.88 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 7.7 Hz, 1H), 7.69 (d,
J=8.2Hz,1H),7.42 (t,J =7.7 Hz, 1H), 7.37 (s, 1H), 7.33 (t, J = 7.5 Hz,
1H), 7.26 (s, 1H), 7.05 (d, J = 7.8 Hz, 2H), 4.44 (s, exchangeable H),
3.85 (s, 3H), 2.42 (s, 3H). 13¢ NMR (100 MHz, DMSO-dg): 6 = 159.30,
154.97, 154.19, 129.31, 128.66, 127.36, 125.85, 123.76, 121.96,
114.46, 114.33, 111.69, 106.45, 55.60, 14.29. 'H-'H-NOESY-2D-NMR
(600 MHz, DMSO-dg), 320 ms mixing time: cross peak 7.88 & 7.05 and
between 7.6 & 6.94. Elemental analysis CyoH17N302S, calculated: C,
66.10; H, 4.71; N, 11.56; O, 8.80; S, 8.82. Found: C, 66.25; H, 4.67; N,
11.26; O, 8.90; S, 8.94.

4.1.6. (E)-2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazinyl)-4-(4-
phenyl)thiazole (8)°’

Buff solid, mp = 269-271 °C, Yield = 70%. 'H NMR (600 MHz,
DMSO-dg): 7.89 (d, J = 7.8 Hz, 2H), 7.68 (d, J = 7.8 Hz, 1H), 7.63 (d, J
=7.8Hz, 1H), 7.43 (t, J = 7.8 Hz, 2H), 7.38 (s, 1H), 7.35 (t, J = 7.8 Hz,
2H), 7.32 (s, 1H), 7.27 (t, J = 7.8 Hz, 2H), 2.37 (s, 3H). Elemental
analysis for C;9H;5N30S, calculated C, 68.45; H, 4.53; N, 12.60; O, 4.80;
S, 9.62. Found: C, 68.24; H, 4.75; N, 12.82; O, 4.60; S, 9.74.

4.1.7. Ethyl (E)-2-(2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazineyl)
thiazol-4-yl)acetate (9)

Yellow solid, mp = 198-200 °C, Yield = 75%. IR (KBr, em™ L 3451
(NH), 1725 (C=0). H NMR (400 MHz, DMSO-dg): 6 =7.70 (d,J = 7.5
Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.39 (t, J = 7.7 Hz, 1H),
7.29 (t,J = 7.3 Hz, 1H), 6.83 (s, 1H), 4.47 (s, exchangeable H), 4.12 (q, J
=13.7, 6.7 Hz, 2H), 3.74 (s, 2H), 2.40 (s, 3H), 1.22 (t, J = 6.8 Hz, 3H).
3¢ NMR (100 MHz, DMSO-dg): 6 = 169.91, 168.85, 155.01, 153.35,
128.47,126.31, 123.89, 122.20, 111.81, 107.99, 107.77, 61.06, 56.49,
35.69 19.02, 14.92, 14.56. Elemental analysis for C;7H;7N303S, calcu-
lated: C, 59.46; H, 4.99; N, 12.24; O, 13.98; S, 9.34. Found: C, 59.65; H,
4.78; N, 12.35; O, 13.89; S, 9.48

14
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4.1.8. (E)-2-(2-(1-(benzofuran-2-yl)ethylidene) hydrazineyl)-4-
(benzofuran-5-yDthiazole (10)

Brown solid, mp = 250-252 °C, Yield = 75%. 'H NMR (400 MHz,
DMSO-dg): 6 = 7.69 (d, J = 7.5 Hz, 2H), 7.63 (t, J = 9.2 Hz, 2H), 7.42 (s,
1H), 7.37 (s, 1H), 7.33 (d, J = 6.7 Hz, 2H), 7.28 (t, J = 7.2 Hz, 2H), 7.10
(s, 1H), 3.99 (s, exchangeable H), 2.37 (s, 3H). !3C NMR (100 MHz,
DMSO-dg): § =170.31, 154.99, 154.53, 153.99, 153.64, 152.34, 139.33,
128.93, 128.54, 126.17, 125.99 125.18, 123.94, 122.12, 121.90,
111.71, 111.47, 107.51, 106.79, 102.72, 14.33. Elemental analysis for
C21H15N305S, calculated: C, 67.54; H, 4.05; N, 11.25; O, 8.57; S, 8.59.
Found: C, 67.34; H, 4.28; N, 11.57; O, 8.32; S, 8.67.

4.1.9. (E)-2-(2-(1-(benzofuran-2-yl)ethylidene)hydrazineyl)-4-
methylthiazole (11)°"

Brown solid, mp = 142-144 °C, Yield = 65%. 'H NMR (400 MHz,
DMSO-dg): 6 = 6.81 (d, J = 7.7 Hz, 1H), 6.74 — 6.69 (m, J = 9.4 Hz, 2H),
6.55 (t, J = 7.6 Hz, 1H), 6.45 (t, J = 7.6 Hz, 1H), 6.42 (s, 1H), 5.59 (s,
exchangeable H), 1.72 (s, 3H), 1.56 (s, 3H). 1°C NMR (100 MHz,
DMSO-dg): 6 = 155.17,153.31, 128.42,126.52,123.98, 122.33,111.88,
108.69, 104.60, 15.25, 15.12, 8.88. Elemental analysis for C;4H;3N30S,
calculated: C, 61.97; H, 4.83; N, 15.49; O, 5.90; S, 11.82. Found: C,
61.77; H, 4.93; N, 15.59; O, 5.78; S, 11.96.

4.1.10. Synthesis of (E)-1-(benzofuran-2-yl)-3-(dimethylamino)prop-2-en-
1-one (12)

Dimethylformamide dimethylacetal (DMFDMA) (0.12 g, 1 mmol)
was added to solution of 2-acetyl benzofuran (2) (0.16 g, 1 mmol) in dry
xylene (30 ml) the reaction mixture was refluxed upon completion of the
reaction as judged by TLC. The mixture were concentrated under
reduced pressure. The formed solid was filtered off, recrystallized from
xylene to give the pure product golden yellow solid. mp = 129-131 °C,
Yield = 90%. 'H NMR (400 MHz, DMSO-dg): 6§ = 7.81 (d, J = 12.4 Hz,
1H),7.74 (d, J=7.7 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.56 (s, 1H), 7.43
(t, J = 7.5 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 5.85 (d, J = 12.4 Hz, 1H),
3.17 (s, 3H), 2.94 (s, 3H). 13C NMR (100 MHz, DMSO-dg): § = 176.56,
155.90, 154.84, 154.491, 128.04, 127.03, 123.91, 123.07, 112.29,
109.17, 91.47, 45.12, 37.70

4.1.11. General procedure for the preparation of (E)-3-(benzofuran-2-yD)-
3-hydroxy-2-((E)- (substituted phenyl)diazenyl)acrylaldehyde compounds
(13-18)

A cold solution of aryldiazonium chloride (1 mmol) was prepared by
adding a solution of NaNO3 (0.75 g, 20 mmol in 10 ml H20) to a cold
solution of appropriate aniline derivative (1 mmol) in concentrated HCI
(5 ml) with stirring. The resulting solution of the aryldiazonium salt was
then added to a cold solution of Compound 16 in EtOH (50 ml) con-
taining sodium acetate (0.14 g, 1 mmol). The mixture was stirred at
room temperature for 1 h and the solid product formed was collected by
filtration and crystallized from ethanol.

4.1.12. (E)-3-(benzofuran-2-yl)-3-hydroxy-2-((E)-(4-methoxyphenyl)
diazenyl)acrylaldehyde (13)

Dark brown solid. mp = 137-139 °C, Yield = 80%. TH NMR (400
MHz, DMSO-dg): 6 = 14.17 (s, exchangeable H), 9.98 (s, 1H), 7.91 (m,
2H), 7.76 (d, J = 8.3 Hz, 1H), 7.62 — 7.52 (m, 1H), 7.48 - 7.33 (m, J =
7.4 Hz, 2H), 7.27 (s, 2H), 6.84 (m, 1H), 3.79 (s, 3H). I3Cc NMR (100 MHz,
DMSO-dg): § = 187.95, 163.62, 160.78, 155.30, 154.16, 153.09, 150.76,
143.34, 131.14, 130.39, 129.33, 128.15, 124.40, 117.59, 113.08,
112.78, 109.96, 102.57, 55.64. Elemental analysis for C;gH;4N204,
calculated: C, 67.07; H, 4.38; N, 8.69; O, 19.86. Found: C, 67.25; H,
4.16; N, 8.87; O, 19.68.

4.1.13. (E)-3-(benzofuran-2-yl)-3-hydroxy-2-((E)-(4-cholorophenyl)
diazenyl)acrylaldehyde (14)

Dark brown solid, mp = 165-167 °C, Yield = 85%. IH NMR (400
MHz, DMSO-dg): § = 14.26 (s, exchangeable H), 9.97 (s, 1H), 7.93 (d, J
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=6.9Hz, 1H), 7.89 (d, J = 4.6 Hz, 1H), 7.76 (d, J = 8.3 Hz, 1H), 7.70 (d,
J = 8.8 Hz, 2H), 7.55 (m, 2H), 7.46 (m, 1H), 7.39 (t, J = 7.5 Hz, 1H). 13C
NMR (100 MHz, DMSO-dg): 6 = 188.02, 178.79, 155.34, 150.68,
141.01, 132.71, 130.52, 130.12, 129.81, 128.83, 127.54, 124.48,
124.39, 119.34, 117.75, 117.56, 112.52. MS m/z (%): 326.25 (M,
49.32), 328.26 (M*z, 19.91). Elemental analysis for C;7H;1CIN2Og3,
calculated: C, 62.49; H, 3.39; Cl, 10.85; N, 8.57; O, 14.69. Found: C,
62.27; H, 3.57; Cl, 10.77; N, 8.33; O, 14.57.

4.1.14. (E)-3-(benzofuran-2-yl)-3-hydroxy-2-((E)-(4-methylphenyl)
diazenyl)acrylaldehyde (15 )72

Dark brown solid, mp = 146-148 °C, Yield = 75%. 'H NMR (400
MHz, DMSO-dg): § = 14.46 (s, exchangeable H), 9.97 (s, 1H), 7.92 (d, J
=7.7Hz,1H), 7.89 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.59 — 7.52 (m, 3H),
7.39 (dd, J=14.5,7.2Hz, 1H), 7.30 (d, J = 8.3 Hz, 2H), 2.33 (s, 3H). 3¢
NMR (100 MHz, DMSO-dg): 6 = 187.82, 178.67, 155.25, 150.72,
139.51, 136.57, 132.19, 130.73, 130.36, 128.72, 127.56, 124.41,
124.36, 117.69, 117.45, 116.23, 112.47, 21.06. Elemental analysis for
C18H14N503, calculated: C, 70.58; H, 4.61; N, 9.15; O, 15.67. Found: C,
70.36; H, 4.83; N, 9.25; O, 15.47

4.1.15. (E)-3-(benzofuran-2-yl)-3-hydroxy-2-((E)-(3-methylphenyl)
diazenyl)acrylaldehyde (16)

Light orange solid, mp = 115-117 °C, Yield = 75%. 'H NMR (400
MHz, DMSO-dg): § = 14.38 (s, exchangeable H), 9.98 (s, 1H), 7.96 — 7.88
(m, 2H), 7.76 (d, J = 8.2 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.48 (d, J =
8.2 Hz, 2H), 7.43 — 7.33 (m, 2H), 7.10 (d, J = 7.3 Hz, 1H), 2.36 (s, 3H).
13C NMR (100 MHz, DMSO-dg): 6 = 188.67, 178.53, 155.31, 150.56,
139.49, 133.28, 131.72, 128.83, 128.39, 127.57, 126.85, 126.61,
124.51, 124.39, 117.67, 115.82, 112.50, 16.84. Elemental analysis for
C18H14N203, calculated: C, 70.58; H, 4.61; N, 9.15; O, 15.67. Found: C,
70.36; H, 4.83; N, 9.25; O, 15.57.

4.1.16. (E)-3-(benzofuran-2-yl)-3-hydroxy-2-((E)-(2-methylphenyl)
diazenyl)acrylaldehyde (17)

Light orange solid, mp = 131-133 °C, Yield = 75%. 'H NMR (400
MHz, DMSO-dg): 6§ = 14.78 (s, exchangeable H), 10.02 (s, 1H), 7.97 (s,
1H), 7.94 (d, J = 7.8 Hz, 1H), 7.82 — 7.74 (m, 2H), 7.57 (t, J = 7.4 Hz,
1H), 7.45-7.34 (m, 3H), 7.23 (t, J = 7.3 Hz, 1H), 2.42 (s, 3H). 13¢ NMR
(100 MHz, DMSO-dg): § = 188.43, 178.88, 155.52, 150.61, 147.68,
147.57, 134.17, 129.09, 127.52, 126.08, 124.64, 124.49, 119.77,
118.34, 117.72, 115.60, 112.62. Elemental analysis for C;gH14N20s3,
calculated: C, 70.58; H, 4.61; N, 9.15; O, 15.67. Found: C, 70.46; H,
4.83; N, 9.25; O, 15.57.

4.1.17. (E)-3-(benzofuran-2-yl)-3-hydroxy-2-((E)-(4-nitrolphenyl)
diazenyl)acrylaldehyde (18)

Dark brown solid. mp = 220-222 °C, Yield = 80%. 'H NMR (400
MHz, DMSO-dg): § = 9.99 (s, exchangeable H), 9.65 (s, 1H), 8.34 (d, J =
9.0 Hz, 1H), 8.27 (d, J = 9.0 Hz, 1H), 8.02 (s, 1H), 7.95 (d, J = 9.6 Hz,
1H), 7.87 (d, J = 8.9 Hz, 2H), 7.80 (d, J = 8.2 Hz, 1H), 7.59 (d, J = 7.4
Hz, 1H), 7.41 (t, J = 7.3 Hz, 1H). 13¢ NMR (100 MHz, DMSO-dg): 6 =
188.43, 147.68, 144.42, 134.17, 130.41, 129.09, 127.52, 126.08,
124.64, 124.49, 119.77, 118.34, 117.72, 115.60, 112.93, 112.62.
Elemental analysis for C;7H;1N3Os, calculated: C, 60.54; H, 3.29; N,
12.46; O, 23.72. Found: C, 60.33; H, 3.47; N, 12.26; O, 23.96

4.1.18. Synthesis of 2-(benzofuran-2-yl)-1-(4-methylpiperazin-1-yl)
ethanethione (19)

A mixture of 2-acetyl benzofuran (2) (0.16 g, 1 mmol) and Sg (10
mmol) was stirring in glycerol/K,CO3 (10:1, 25 ml) for at 80C for 2 h.
The reaction mixture purred in ice/water then the product extracted by
ethyl acetate and purified with column chromatography (ethyl acetate:
petroleum ether, 2:1) to give compound 19.

Brown solid, mp = 119-121 °C, Yield = 70%. H NMR (400 MHz,
CDClg): 6 = 7.93 (s, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 8.4 Hz,
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1H),7.61 (t,J = 7.7 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 4.23 (s, 2H), 3.67
(s, 2H), 3.38 (s, 2H) 2.61 — 2.55 (m, 2H), 2.52 (s, 2H) 2.41 — 2.35 (m,
2H), 2.25 (s, 3H). 13¢ NMR (100 MHz, CDCl3): § = 191.83, 177.36,
156.16,149.74,129.90, 127.11, 124.96, 124.61, 118.42, 112.88, 54.75,
53.91, 51.87, 47.26, 45.49. Elemental analysis for C;5H;gN20S, calcu-
lated: C, 65.66; H, 6.61; N, 10.21; O, 5.83; S, 11.69. Found: C, 65.86; H,
6.41; N, 10.11; O, 5.76; S, 11.87.

4.1.19. Synthesis of 2-(4-methoxyphenyD)-2-oxoethyl (E)-2-(1-
(benzofuran-2-yDethylidene)hydrazine-1-carbodithioate (21)

In 50 ml flask, to a solution of compound 20 (0.17 g, 1 mmol) in dry
DMF (20 ml), carbon disulfide (0.38 g, 5 mmol) was added. The reaction
mixture was stirring for 10 min then adding sodium phosphate (10
mmol) for 3hr followed by addition of 4-methoxyphenacyl bromide
(0.23 g, 1 mmol) and stirring to the end of reaction judging with TLC.
The separated solid product was filtered off to give compound 21.

Light brown solid, mp = 88-90 °C, Yield = 70%. 1H NMR (400 MHz,
DMSO-dg): 5 = 12.65 (s, exchangeable H), 8.07 (d, J = 8.7 Hz, 2H), 7.95
(s, 1H), 7.73 (d, J = 7.7 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.55 (s, 1H),
7.41 (t,J =7.8 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.09 (d, J = 8.7 Hz, 2H),
4.86 (s, 1H), 3.86 (s, 2H), 2.88 (s, 3H), 2.43 (s, 3H). 13C NMR (100 MHz,
DMSO-dg): § =198.70, 192.26, 163.78, 162.87, 155.32, 153.17, 144.10,
131.08, 129.57, 128.29, 126.89, 124.01, 122.49, 114.44, 111.94,
110.02, 56.03, 36.28, 31.24, 14.90. Elemental analysis for
Co0H18N2038Ss, calculated: C, 60.28; H, 4.55; N, 7.03; O, 12.04; S, 16.09.
Found: C, 60.36; H, 4.35; N, 7.15; O, 12.14; S, 16.19.

4.1.20. General procedure for the preparation of compounds (22-23)

A mixture of compound 20 (10 mmol) and appropriate benzaldehyde
derivative (10 mmol) was refluxed in ethanol/acetic acid (24:1, 25 ml)
for 3 h. The excess of solvent was then removed under reduced pressure,
the precipitate formed after cooling was collected by filtration and
recrystallized from ethanol to give the corresponding compound.

4.1.21. (E)-1-(1-(benzofuran-2-yl)ethylidene)-2-((E)-4-nitrobenzylidene)
hydrazine (22)

Yellow solid, mp = 180-182 °C, Yield = 80%. IR (KBr, cm-1): 1531
& 1351 (NO»). H NMR (400 MHz, DMSO-dg): 6 = 8.91 (s, 1H), 8.70 (s,
1H), 8.36 (d, J = 8.1 Hz, 1H), 8.31 (d, J = 7.7 Hz, 1H), 7.81 (t, J = 7.9
Hz, 1H), 7.74 (d, J = 7.7 Hz, 1H), 7.68 (d, J = 8.3 Hz, 1H), 7.57 (s, 1H),
7.42 (t,J = 7.7 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 2.36 (s, 3H). 13C NMR
(100 MHz, DMSO-dg): 6 = 161.01, 155.25, 153.82, 151.58, 148.66,
135.68, 134.92, 131.14, 128.23, 126.85, 126.32, 123.97, 123.12,
122.56, 122.01, 109.68, 14.97. Elemental analysis for C;7H;3N30s,
calculated: C, 66.44; H, 4.26; N, 13.67; O, 15.62. Found: C, 66.26; H,
4.48; N, 13.57; O, 15.72.

4.1.22. (E)-1-(1-(benzofuran-2-yl)ethylidene)-2-((E)-3-
chlorobenzylidene)hydrazine (23)

Yellow powder, mp = 144-146 °C, Yield = 85%. 'H NMR (400 MHz,
DMSO-dg): 6 = 8.94 (s, 1H), 8.73 (s, 1H), 8.38 (d, J = 8.1 Hz, 1H), 8.33
(d,J =7.7 Hz, 1H), 7.83 (t, J = 7.9 Hz, 1H), 7.75 (d, J = 7.7 Hz, 1H),
7.69 (d, J = 8.2 Hz, 1H), 7.59 (s, 1H), 7.43 (t,J = 7.6 Hz, 1H), 7.31 (d, J
= 7.4 Hz, 1H), 2.37 (s, 3H). I3c NMR (100 MHz, DMSO-dg): 6 = 161.04,
155.27, 153.84, 153.54, 148.71, 135.71, 134.94, 131.18, 128.25,
126.87, 126.36, 124.00, 123.17, 122.57, 112.04, 109.71, 14.99.
Elemental analysis for C;7H;3CIN2O, calculated: C, 68.81; H, 4.42; Cl,
11.95; N, 9.44; 0O, 5.39. Found: C, 68.61; H, 4.24; Cl, 11.77; N, 9.26; O,
5.29

4.2. Antitumor screening and using MTT assay in vitro cytotoxicity
against human normal cells

All the newly synthesized compounds were evaluated against human
cancer cell lines using doxorubicin (DOX) as reference drug. The panel
consisted of Hepatocellular carcinoma (HePG2), Mammary gland Breast
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cancer (MCF-7), Epitheliod Carcinoma Cervix cancer (Hela) and Human
prostate cancer (PC3). Human lung fibroblast (WI38) was used to assay
the cytotoxicity effect on normal cell. The cell line was obtained from
ATCC via Holding company for biological products and vaccines
(VACSERA), Cairo, Egypt. The cytotoxic activity was defined as the
concentration of the compound that causes 50% growth inhibition
compared with the growth of untreated cells.

4.3. Human PI3K enzyme inhibition assay

PI3K activity was verified by enzyme-linked immunosorbent assay
(ELISA) assay technique. The assay exploited a specific antibody for
human PI3K firmly coated on a 96-well plate, in which 100 ml of the
standard solution or the tested compounds were added to every well at
room temperature. Then, the mean absorbance of each group of stan-
dard and tested compounds was determined. The standard curve was
drawn on log-log paper with the absorbance on the Y-axis and the
standard concentration on the X-axis. Percent Inhibition was assessed
through comparing both test compounds and control results, whereas
ICsp was assessed from concentration/inhibition curve using LY294002
as a standard.

4.4. Cell cycle arrest analysis and apoptosis detection

Apoptosis detection was performed by using Annexin V-FITC and PI
apoptosis kit (eBioscienceTM, San Diego, CA, USA). Mcf cells were
plated at a 600,000 cells/mL density onto a six well plate. After 24 h of
incubation, the cells were treated with compound 15 at 10 Mg/mL. Cells
grown in media containing an equivalent amount of DMSO served as the
solvent control. After 24 h, the cells were stained with an Annexin V-
FITC conjugate and propidium iodide (PI), and the percentage of
apoptotic, necrotic, and living cells was determined according to the
protocol provided by the Annexin V-FITC and PI apoptosis kit. The cells’
emitted fluorescence was analyzed by flow cytometry (NovoCyte, ACEA
Biosciences Inc, San Diego, CA, US) through the NovoExpress 1.3.0
software (ACEA Biosciences Inc, San Diego, CA, US), acquiring 1 x 104
events per sample using the population plot “dot plot”, where each point
corresponds to a single event with a specific fluorescence signal in
reference to the axes; Annexin V-FITC green fluorescence in abscissa vs.
PE red fluorescence in ordinate.

4.5. Microbes and culture media

In this research the antimicrobial effects of different compounds
against Gram positive organisms such as Bacillus cereus UW85, Staphy-
lococcus aureus ATCC 29,213 and against Gram negative isolates
including Escherichia coli ATCC 12435, Pseudomonas aeruginosa PAO1.
Furthermore, the antifungal potential of the compound was evaluated
against Candida albicans CS351. In addition, the quorum sensing
inhibiting effects were detected using Chromobacterium violaceum ATCC
12,472 (kindly provided from Prof. Bob Mclean, Department of Biology,
Texas State University, USA). The bacterial strains used in this study
were grown in Luriae Bertani (LB) media (1% tryptone, 0.5% yeast
extract (Bacto-agar, BD Difco), and 1.0% NaCl solidified with 1.5%
agar). Muller Hinton media was used for the assay of antibacterial
studies and Sabouraud‘s media (BD Difco) was used for antifungal ac-
tivity. Ampicillin/ clavulanic acid (EPICO Company) and fluconazole
(Pfizer Company) were used as antibacterial and antifungal standards,
respectively.

4.6. Assessment of antimicrobial activity

Antibacterial effect of the newly synthesized compounds was per-
formed using agar plate diffusion method. The overnight culture of both
Gram-positive and Gram-negative isolates in Muller Hinton (MH) broth
was diluted to 0.5 McFarland. The Muller Hinton (MH) agar at 50 °C was
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inoculated with 20 pL of the diluted cultures, mixed and poured into 9-
cm-diameter sterile plates and solidify. Sterile cork borer was used to
make cups into the solidified plates and the agar in the cups were
removed. The tested compounds were dissolved in DMSO to get a final
concentration of 5 mg/mL. One hundred microliter of each compound
was added to each cup and DMSO was added as a negative control. The
plates were incubated at 37 °C for 24 h in to assess the antibacterial and
antifungal activities. The diameter of inhibition zone was measured in
millimeter and the activity of the tested compounds was estimated in
comparison to ampicillin/ clavulanic and fluconazole as reference
antibacterial and antifungal drugs

4.7. Quorum-sensing inhibitory activity

C. violaceum ATCC 12,472 was propagated in Luria-Bertani broth
media for at 28 °C 48 h. Luria-Bertani agar plates were prepared and left
to complete solidification, C. violaceum was inoculated (50 pL/plate) in
5 ml soft LB agar and poured as a top layer to the solidified LB plates.
Cups were made in the plates and 100 pL of the synthesized compound
dissolved in DMSO (5 mg/ml) compounds was added to each well and
DMSO was also included as negative controls. The growth of the
C. violaceum was allowed at 28 °C for 48 h, C. violaceum growth recog-
nized as a bacterial loan with violet pigment. The compound possessing
antimicrobial effects would result in a clear inhibition zone around the
cup, with radius (r1 mm). Compounds exhibiting quorum sensing
inhibiting potential was detected as inhibition of the violet pigment
around the wells. Both growth and pigment inhibition were measured as
radius (r2 mm). Hence, the QS inhibition was determined by subtracting
bacterial growth inhibition (rl) from the total radius (r2); thus, QS in-
hibition = (r2 — r1) in mm.>>>*

4.8. Determination of minimal inhibitory concentrations (MICs)

The compound exhibited antimicrobial activities as indicated by
agar diffusion method were selected and evaluated for antibacterial ef-
fects according to the CLSI, 2015 and for antifungal effects according the
standard methods CLSI M27-A3 and CLSI M38-A2 (CLSI 2008). Dilutions
of the selected compounds were prepared 1:1 in 0.1 ml MH broth to
study their antibacterial effects and yeast peptone dextrose for anti-
fungal activity. Each well was inoculated with 0.01 of the diluted bac-
terial suspension (5 x 10® CFU/ml). The antibacterial activity of
ampicillin/clavulanic and fluconazole was estimated and used as a
positive control. The microtiter plates were incubated at 37 °C for 18 h.
The minimal inhibitory concentration was detected to the lowest con-
centration that inhibited visible microbial growth

4.9. Molecular modeling

The three-dimensional structures of some selected substituted
benzofuran 8, 9, and 11 which represent the best anticancer activity, in
their neutral forms, were built by using the MOE of Chemical Computing
Group Inc. software 2014. The Lowest energy conformers of new ana-
logues ‘global-minima’ was docked into the binding pocket of model
4JPS PDB.“® It was obtained from the Protein Data Bank of Brookhaven
National Laboratory. The hydrogens were added, then enzyme structure
was subjected a refinement protocol where the constraints on the
enzyme were gradually removed and minimized until the RMSD
gradient was 0.01 kcal/mol A. Energy minimization was performed
using the molecular mechanics force field ‘AMBER.” For each benzo-
furan derivative, energy minimizations (EM) were performed using
1000 steps of steepest descent, followed by conjugate gradient mini-
mization to a RMSD energy gradient of 0.01 Kcal/mol A. The active site
of the enzyme was detected in reference compound pdb file. The com-
pounds under study underwent flexible alignment experiment using
‘Molecular Operating Environment’ software (MOE of Chemical
Computing Group Inc., on a Core i5 2.40 GHz workstation). The
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molecules were constructed using the Builder module of MOE. Their
geometry was optimized by using the MMFF94 force field followed by a
flexible alignment using systematic conformational search. The Lowest
energy aligned conformers were identified. For each analogue, the
partial atomic charges were assigned using the semi-empirical me-
chanical calculation “AM1“method implemented in the program.
Conformational search was done. All the conformers were minimized
until the RMSD deviation was 0.01 Kcal/mol, then subjected to surface
mapping, color coded: pink, hydrogen bond; white: neutral; green
hydrophobic.

4.10. Physicochemical properties and Lipinski’s rule of five

Lipophilicity “log P” and the Polar surface area (A2) “TPSA” for the
tested analogues were estimated using SWISS ADME web service.
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