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Chemistry

1. Materials and methods
General

The reagents (such as hippuric acid, aromatic aldehydes, acetic anhydride, sodium acetate,
aniline, and SeQ), solvents, and thin-layer chromatography (TLC) aluminum plates coated with
silica gel (60 F254, Merck) utilized in the synthesis of the targets were purchased from Sigma-
Aldrich. TLC was employed to monitor the completion of the reaction and to confirm the purity
of the products. Visualization of the spots at TLC was achieved under UV light at 254 nm and 365
nm. Measuring the melting point °C via the Stuart SMP30 apparatus, and no corrections were
applied. NMR spectra of the synthesized targets were assessed using a Bruker NMR spectrometer
(at Faculty of Pharmacy, Mansoura University in Mansoura, Egypt) operating at frequencies of
400 MHz ("H-NMR) and 100 MHz (3C-NMR). TMS (tetramethylsilane) was used as reference
material, and the synthesized compounds were dissolved in DMSO-d6 or in TFA (d-trifluoroacetic
acid) in 6 (ppm). Measurement of IR spectra via Shimadzu Model 8000 FT-IR spectrometer from
Japan, at the College of Science at Qassim University.
Synthesis of OSe compounds 4-Selenocyanatoaniline (2) and 4,4'-Diselanediyldianiline (3) !

Compound 3 was synthesized over two steps: The first step includes the synthesis of 4-
selenocyanatobenzenamine 2. Briefly, SeO> (6 mmol) was added under stirring to a solution of
malononitrile (3 mmol) in DMSO (15 mL). The mixture was stirred at room temperature for 15
min in order to obtain triselenium dicyanide. When the exothermic reaction had finished, aniline
(5 mmol) was added. The mixture was stirred for 20 min. Water (150 mL) was added to the reaction
mixture, and the resulting precipitate (4-selenocyanatobenzenamine) was filtered off, dried, and
used without further purifications.
4-Selenocyanatoaniline (2) was obtained as a yellow solid (88 % yield). Mp: 73-74 °C. 'H NMR
(400 MHz, CDCl3) 6 7.44 (d, J= 8.4 Hz, 2H, Ar-H), 6.64 (d, J= 8.4 Hz, 2H, Ar-H), 3.95 (s, 2H,
NH>).

In the second step, to a solution of 4-selenocyanatobenzenamine (I mmol) in absolute
ethanol (40 ml), NaOH (2 mmol) was added in small portions with caution. The mixture was stirred
at room temperature for 2 h. Cold water (50 mL) was added, and the formed solid was filtered,

washed with water (three times, 50 mL each), and dried under vacuum.
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4,4'-Diselanediyldianiline (3) was obtained as pale-yellow crystals (82 % yield. Mp: 78-80 °C. 'H
NMR (400 MHz, CDCl3) 6 7.3 (m, 4H, Ar-H), 6.5 (m, 4H, Ar-H), 3.7 ppm (s, 4H, NH>).
Synthesis of oxazolones 5a-k

Oxazolones (5a-k) were synthesized in good yields (85-90%) according to previously
described methods >*. In brief, hippuric acid (0.05 mol) was dissolved in acetic anhydride (10 ml).
To this solution, freshly fused sodium acetate (0.1 mol) and an appropriate benzaldehyde and its
derivatives, such as p-chloro, p-nitro, 3,4,5-trimethoxy, and 2-nitrobenzaldehyde, besides
heterocyclic aldehydes such as furfural, thiophene-2-aldehyde, phenothiazine-5-aldehyde,
piperonal, and isatin, were added. The mixture was refluxed for 2-3 h in a water bath. After
monitoring the reaction mixture by TLC (pet. Ether - ethyl acetate), which affirms the completion
of the reaction, the reaction mixture was poured into ice-water with vigorous stirring, and the solid
obtained was recrystallized from ethanol or acetic acid to give the pure oxazolones 5a-j.
4-benzylidene-2-phenyloxazol-5(4H)-one (5a)

Faint yellow powder (EtOH); Yield: 83%; FT-IR (KBr, cm™): stretching1794 (-C=0O
lactone), 1654 (-C=N).
4-(4-chlorobenzylidene)-2-phenyloxazol-5(4H)-one (5b)

Faint yellow crystals (EtOH); Yield: 91%; Mp: 186-87°C; FT-IR (KBr, cm):
stretching1791 (-C=0 lactone), 1654 (-C=N).
4-(4-nitrobenzylidene)-2-phenyloxazol-5(4H)-one (5¢)

Yellow crystals (AcOH); Yield: 95%; Mp: 183-85 °C; FT-IR (KBr, cm™): stretching1796
(-C=0 lactone), 1654.9 (-C=N).
4-(2-nitrobenzylidene)-2-phenyloxazol-5(4H)-one (5d)

Yellow crystals (AcOH); Yield: 91%; Mp: 154-5 °C; FT-IR (KBr, cm™): stretching1791
(-C=0 lactone), 1653 (-C=N).
2-phenyl-4-(3.,4,5-trimethoxybenzylidene)oxazol-5(4H)-one (Se)

Shiny yellow needles (AcOH); Yield: 94%; Mp: 156-7 °C; FT-IR (KBr, cm™):
stretching1780 (-C=0 lactone), 1620 (-C=N).
4-(benzo|d][1,3]dioxol-5-ylmethylene)-2-phenyloxazol-5(4H)-one (5f)

Yellow crystals (AcOH); Yield: 88%; Mp: 190-1 °C.
4-(furan-2-ylmethylene)-2-phenyloxazol-5(4H)-one (5g)

Shiny yellow needles (AcOH); Yield: 82%; Mp: 156—7 °C; FT-IR (KBr, cm™): stretching

1790 (-C=0 lactone), 1654 (-C=N).
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2-phenyl-4-(thiophen-2-ylmethylene)oxazol-5(4H)-one (5h)

Yellow crystals (AcOH); Yield: 92%; Mp: 172-3 °C; FT-IR (KBr, cm™): stretching 1787
(-C=0 lactone), 1636 (-C=N).
4-((10H-phenothiazin-2-yl)methylene)-2-phenyloxazol-5(4H)-one (5i):

Blue crystals (AcOH); Yield: 75%; Mp: 178-9 °C.
4-(2-oxoindolin-3-ylidene)-2-phenyloxazol-5(4H)-one (5j):

Orange crystals (AcOH); Yield: 88%; Mp: 280-2°C; FT-IR (KBr, cm™): stretching 1692
(-C=0 lactone), 1617 (C=0 amide), 1601 (-C=N).
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Figure S1. FT- IR chart of compound 3.
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Figure S2. FT- IR chart of compound 5b.
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Figure S6. FT- IR chart of compound 5j.
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3,3'-(diselanediylbis(4,1-phenylene))bis(5-benzylidene-2-phenyl-3,5-dihydro-4H-imidazol-4-one)one
(62)
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Figure S9. >*CNMR chart of compound 6a
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3,3'-(diselanediylbis(4,1-phenylene))bis(5-(4-chlorobenzylidene)-2-phenyl-3,5-dihydro-4H-imidazol-

4-one) (6b)
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Figure S11. "THNMR chart of compound 6b
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3,3'-(diselanediylbis(4,1-phenylene))bis(5-(4-nitrobenzylidene)-2-phenyl-3,5-dihydro-4H-imidazol-

4-one) (6¢)
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Figure S14. "HNMR chart of compound 6¢
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3,3'-(diselanediylbis(4,1-phenylene))bis(5-(2-nitrobenzylidene)-2-phenyl-3,5-dihydro-4H-imidazol-

4-one) (6d)
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Figure S17. "HNMR chart of compound 6d
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3,3'-(diselanediylbis(4,1-phenylene))bis(2-phenyl-5-(3,4,5-trimethoxybenzylidene)-3,5-dihydro-4H-

imidazol-4-one) (6€)
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Figure S19. IR chart of compound 6e
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Figure S20. '"HNMR chart of compound 6e
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3,3'-(diselanediylbis(4,1-phenylene))bis(5-(benzo[d][1,3]dioxol-5-ylmethylene)-2-phenyl-3,5-
dihydro-4H-imidazol-4-one) (6f)
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3,3'-(diselanediylbis(4,1-phenylene))bis(5-(furan-2-ylmethylene)-2-phenyl-3,5-dihydro-4H-imidazol-

4-one) (6g)
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3,3'-(diselanediylbis(4,1-phenylene))bis(2-phenyl-5-(thiophen-2-ylmethylene)-3,5-dihydro-4H-
imidazol-4-one) (6h)

PR ﬂ
(=
—_
2
[}
Q
52
E
2
o o _|
# @
w
M~
® - l
g 2 3 883 3 3 eenagmse
o o) [=;] Q0 NQ w o~ OO~ MO
E & ¥ osed 2 3 SRErE23E3
T T T T T | T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Figure S28. IR chart of compound 6h
% 3EER7 3
r AN |
= )."Ir-'ll .'r/ Jr =200 |
|
|
100
|'| f
I | |I
s98g i T
T g g“r—“'l Sy T )" .llllll| II.lI )I
10 9 B 7 [
f1 {ppm})
b ey T
H 88383 %
17 16 15 ll'I 13 12 11 9‘ é T 5: ; '; 3I 2‘ i
f1 {ppm)

Figure S29. "HNMR chart of compound 6h
S22



Supplementary Information

—Imn
1AM
P
—ET
—T
1G5
Lons
s
Ty

-
ety
e
]
25
1

M0

01T

3835
BT
=T73.93

L
7

=191

18]

FL

160

=14

130

=121

8 8 5884885

210 200 130 180 170 160 150 140 130 1200 ; 110 100 30 80 o 1] 50 40 30 20 o o
1 {ppm)

Figure S30. >"NMR chart of compound 6h

S23



Supplementary Information

3,3'-(diselanediylbis(4,1-phenylene))bis(5-((10H-phenothiazin-2-yl)methylene)-2-phenyl-3,5-
dihydro-4H-imidazol-4-one) (6i)
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3,3'-((diselanediylbis(4,1-phenylene))bis(5-0x0-2-phenyl-1,5-dihydro-4H-imidazole-1-yl-4-

ylidene))bis(1-acetylindolin-2-one)(6j)
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Biological Data
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Growth Inhibition% against human diverse cancer cell lines

The antitumor activities of the synthesized analogues (6a-j) against the selected 6 cancer
cell lines were evaluated by sulphorhodamine-B (SRB) assay °. Briefly, cells were seeded at a
density of 3x10° cells/well in 96-well microtiter plates. They were left to attach for 24 h before
incubation with the aforementioned compounds. Next, cells were treated with 100 pg/mL for 6a-
j candidates.

For each concentration, three wells were used, and incubation was continued for 48 h.
DMSO was used as a control vehicle (1 % v/v). At the end of incubation, cells were fixed with
20% trichloroacetic acid and stained with 0.4% SRB dye. The optical density (O.D.) of each well
was measured spectrophotometrically at 570 nm using an ELISA microplate reader (TECAN
sunrise™, Germany). The mean survival fraction at each drug concentration was calculated as
follows: O.D. of the treated cells/O.D. of the control cells. The ICso (concentration that produces
50% of cell growth inhibition) value of each drug was calculated using sigmoidal dose-response

curve-fitting models (Graph Pad Prism software, version 8).

Cytotoxic inhibitory concentration 50 (ICso) evaluation against PC3, MCF7,

A549, and HCT116 cancer cell lines

The antitumor activities of the anticancer candidates (6a-j) against PC3, MCF7, A549, and
HCTi16 cancer cells were evaluated by sulphorhodamine-B (SRB) assay °. Briefly, cells were
seeded at a density of 3x10° cells/well in 96-well microtiter plates. They were left to attach for 24
h before incubation with the aforementioned compounds. Next, cells were treated with different
concentrations of 6.25, 12.5, 25, and 50 pg/mL for 6a-j candidates.

For each concentration, three wells were used, and incubation was continued for 48 h.
DMSO was used as a control vehicle (1 % v/v). At the end of incubation, cells were fixed with
20% trichloroacetic acid and stained with 0.4% SRB dye. The optical density (O.D.) of each well
was measured spectrophotometrically at 570 nm using an ELISA microplate reader (TECAN
sunrise™, Germany). The mean survival fraction at each drug concentration was calculated as
follows: O.D. of the treated cells/O.D. of the control cells. The ICso (concentration that produces
50% of cell growth inhibition) value of each drug was calculated using sigmoidal dose-response

curve-fitting models (Graph Pad Prism software, version 8).
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Assessment of apoptotic, anti-apoptotic, and antiangiogenic markers

(Enzyme-linked Immunosorbent assay)

The microplate provided in this kit has been pre-coated with an antibody specific to CDK2,
CDK4, CDKG6, caspase-3, caspase-8, caspase-9, and VEGFR-2. Standards or samples are then
added to the appropriate microplate wells with a biotin-conjugated antibody specific to CDK2,
CDK4, CDKG6, caspase-3, caspase-8, caspase-9, and VEGFR-2. Next, Avidin conjugated to
Horseradish Peroxidase (HRP) is added to each microplate well and incubated. After the TMB
substrate solution is added, only those wells that contain CDK2, CDK4, CDK6, caspase-3,
caspase-8, caspase-9, and VEGFR-2, biotin-conjugated antibody, and enzyme-conjugated Avidin
will exhibit a colour change. The enzyme-substrate reaction is terminated by the addition of
sulphuric acid solution, and the colour change is measured spectrophotometrically at a wavelength
of 450 nm = 10 nm. The concentration of CDK2, CDK4, CDK6, caspase-3, caspase-8, caspase-9,
and VEGFR-2 in the samples is then determined by comparing the O.D. of the samples to the
standard curve. Average the duplicate readings for each standard, control, and sample, and subtract
the average zero standard optical density. Construct a standard curve by plotting the mean O.D.
and concentration for each standard and draw a best-fit curve through the points on the graph, or
create a standard curve on log-log graph paper with CDK2, CDK4, CDK6, caspase-3, caspase-8,
caspase-9, and VEGFR-2 concentration on the y-axis and absorbance on the x-axis. Using some
plot software, for instance, Curve Expert 1.30, is also recommended. If samples have been diluted,
the concentration read from the standard curve must be multiplied by the dilution factor.

Assay procedure:

1. Determine wells for diluted standard, blank, and analogue (6g). Prepare 7 wells for standard, 1
well for blank. Add 100 pL each of dilutions of standard, blank, and samples into the appropriate
wells. Cover with the Plate sealer. Incubate for 1 h at 37 °C.

2. Remove the liquid from each well; don’t wash.

3. Add 100 pL of Detection Reagent A working solution to each well, cover the wells with the
plate sealer, and incubate for 1 h at 37 °C.

4. Aspirate the solution and wash with 350 pL of 1x Wash Solution to each well using a squirt
bottle, multi-channel pipette, manifold dispenser, or auto washer, and let it sit for 1~2 min. Remove

the remaining liquid from all wells completely by snapping the plate onto absorbent paper. Totally
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wash 3 times. After the last wash, remove any remaining Wash Buffer by aspirating or decanting.
Invert the plate and blot it against absorbent paper.

5. Add 100 pL of Detection Reagent B working solution to each well, cover the wells with the
plate sealer, and incubate for 30 min at 37 °C.

6. Repeat the aspiration/wash process for a total of 5 times as conducted in step 4.

7. Add 90 pL of Substrate Solution to each well. Cover with a new Plate sealer. Incubate for 10-
20 min at 37 °C (Don't exceed 30 min). Protect from light. The liquid will turn blue with the
addition of a Substrate Solution.

8. Add 50 pL of Stop Solution to each well. The liquid will turn yellow with the addition of the
stop solution. Mix the liquid by tapping the side of the plate. If the colour change does not appear
uniform, gently tap the plate to ensure thorough mixing.

9. Remove any drops of water and fingerprints on the bottom of the plate and confirm there are no
bubbles on the surface of the liquid. Then, run the microplate reader and conduct measurement at

450 nm immediately.
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