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Abstract: In this approach, a series of new chalcone derivatives bearing baclofen drug were
synthesized via Claisen-Schmidt condensation and evaluated in vitro as anticancer and antioxidant
agents. The newly synthesized compounds were characterized by FT-IR, 'H-NMR, "*C-NMR
spectra, and elemental analysis. All products were screened in vitro against both cell lines HdFn
and MCF-7. The cytotoxicity assay results revealed that derivatives 5a and 5d exhibited good
inhibition for cell lines MCF-7 with ICsy values 32.5 and 37.6 uM, respectively while 5a and 5c
exhibited acceptable inhibition for HdFn with ICsy values 76.7 and 78.6 uM, respectively,
compared to the Tamoxifen drug. Molecular docking study of the target compounds confirmed the
results of the cytotoxicity test. In addition, results of the DPPH investigation revealed good
antioxidant activity for derivatives 5a, 5c¢ and 5d with inhibition percentages 86.62, 81.38, and
76.42%, respectively, compared to ascorbic acid.
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Introduction

Cancer is a deadly disease that still threatens human lives despite scientific progress and
continuous attempts to develop a mechanism to control and prevent the disease. Therefore, many
researches and recent studies have sought to find an effective strategic treatment that meets the
ambitions of the world [1]. Many synthesized chemical compounds have shown various biological
activities [2-9]. Among those compounds, chalcones and their derivatives have received increasing
attention from researchers because of their various activities, such as anti-bacterial [10-12], anti-
fungal [13, 14], anti-cancer [15-17], anti-Alzheimer [18, 19], anti-inflammatory [20, 21], and
antioxidant [22-24], in addition to their importance in the industrial field [25-27].

In this work, we created a number of chalcones combined with the baclofen drug and studied
their anti-cancer and antioxidant activity, as well as studying their molecular docking.

Experimental part

General information

All the chemicals and solvents were obtained from commercial suppliers and were used as
received without further purification. Melting points remained uncorrected and were determined on
the Symmetric Multiprocessing (SMP) device (Gallenkamp). Fourier-transform infrared (FT-IR)
spectra were recorded with FT-IR spectrophotometer (Bruker). Nuclear magnetic resonance (NMR)
measurements ('H NMR, *C NMR) were measured on Bruker AMX 400 and 100 instruments
using tetramethylsilane (TMS) as a reference and DMSO-ds as a solvent. Analytical thin-layer
chromatography (TLC) was carried out on Merck plates 60 F254 (0.2 mm thick). Microelements
(C.H.N.) were analysed using a VEA3000 device (Shimadzu, Japan).
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Synthesis
Synthesis of the 3-(4'-acetyl-[1,1'-biphenyl]-4-yl)-4-aminobutanoic acid 2 [28]

A mixture of 4-amino-3-(4-chlorophenyl) butanoic acid 1 (1 mmol), (4-acetylphenyl) boronic
acid 2 (1 mmol), Pd(0)(pph3) (40 mg), sodium carbonate (5 ml) in propanol (15 ml) was refluxed
for 12h, and the reaction was monitored by TLC. After the reaction completion, the reaction
mixture was cooled to room temperature and poured over crushed ice with stirring. The result
precipitate was collected by filtration, washed with cold water, dried and recrystallized from
appropriate solvents to give target compounds good yields. The solid obtained was purified with
flash chromatography using methanol-dichloromethane (8:2). Physical state 3: Orange crystals;
yield is 88%; m.p. 178-180°C. FT-IR (KBr, cm): v 3354 (OH), 3212 (N-H), 1732, 1685 (C=0),
1572 (C=C). 'H-NMR (DMSO-d6,ppm): & 12.41 (s,1H, OH), 8.05-7.11 (d,8H,H-arom.), 3.54
(d,2H,CH,CO), 3.28 (s,1H, NH,), 2.64 (d,2H,CH:N), 2.11 (s,3H,Me), 1.78-170 (m,1H, CHuertiary).
B3C-NMR (DMSO0-d6, ppm): § 197.3 (COOH), 177.1 (C=0), 137.6-121.3 (C-arom.), 42.1 (CH-N),
36.2 (CH,-CO), 34.1 (C-tertiary), 26.2 (Me). Analytical calculated for C1gH19NO3: C, 72.71; H, 6.44;
N, 4.71. Found: C, 72.11; H, 5.74; N, 4.01.

General procedure for the synthesis of the chalcone derivatives Sa-d [15]

Aldehydes 4a-d (2 mmol) were individually dissolved with the derivative 3 (2 mmol) in 30
mL of ethanol and reflexed for 6-8h in the presence of piperidine as a catalyst. After the reaction
completion (TLC check), the reaction mixture was cooled to room temperature, washed with brine
solution, and then extracted with chloroform three times. The organic extract obtained was dried
and concentrated into a solid under a vacuum. The products obtained were purified with flash
chromatography using methanol-dichloromethane (8:2).
4-Amino-3-(4'-(3-(4-hydroxyphenyl)acryloyl)-[1,1'-biphenyl]-4-yl)butanoic acid 5a: light red
crystals, yield 78%, m.p 190-192°C. FT-IR (KBr, cm %): v 3368 (OH), 3185 (N-H), 1737, 1674
(C=0), 1615 (C=C). *H-NMR (DMSO-d6,ppm): & 12.03(s,1H, OH), 8.25-7.24 (d,12H,H-arom.),
3.36 (d,2H,CH,CO), 3.22 (s,1H, NH,), 2.52 (d,2H,CH,N) 1.94-184 (m,1H, CHeriary). “°C-NMR
(DMSO-d6, ppm): 6 177.2(C=0), 135.1-123.4 (C-arom.), 39.6 (CH>-N), 36.5 (CH,-CO), 31.2 (C-
tertiary). Analytical calculated for CosH23NO4: C, 74.80; H, 5.77; N, 3.49. Found: C, 74.2; H, 5.17; N,
2.89.
4-Amino-3-(4'-(dimethylamino)phenyl)acryloyl)-[1,1'-biphenyl]-4-yl)butanoic acid 5b: Dark
yellow crystals, yield 64%, m.p 203-205°C. FT-IR (KBr, cm%): v 3375(0H), 3194 (N-H), 1729,
1678 (C=0), 1608 (C=C). 'H-NMR(DMSO-d6,ppm): & 12.35 (s,1H, OH), 8.24-7.31 (d,12H,H-
arom.), 3.28 (d,2H,CH,CO), 3.14 (s,1H, NH,), 2.41 (d,2H,CH;N) 1.82-175 (m,1H, CHiertiary). ~-C-
NMR (DMSO-d6, ppm): 6 175.8(C=0), 133.6-118.7 (C-arom.), 41.8(CH,-N), 37.7 (CH,-CO), 32.8
(C-tertiary). Analytical calculated for C,7H26N203: C, 75.68; H, 6.59; N, 6.54. Found: C, 75.08; H,
5.99; N, 5.94.
4-Amino-3-(4'-(3-(4-nitrophenyl)acryloyl)-[1,1'-biphenyl]-4-yl)butanoic  acid 5c:  brown
crystals, yield 68%, m.p 225-227°C. FT-IR (KBr, cm%): v 3386 (OH), 3176 (N-H), 1732, 1675
(C=0), 1624 (C=C). *H-NMR (DMSO-d6,ppm): & 12.42 (s,1H, OH), 8.19-7.26 (d,12H,H-arom.),
3.16 (d,2H,CH,CO), 3.02 (s,1H, NH,), 2.35 (d,2H,CH,N) 1.94-186 (m,1H, CHeeriay). *C-NMR
(DMSO-d6, ppm): 6 177.3(C=0), 138.2-120.6(C-arom.), 43.5(CH,-N), 38.1(CH,-CO), 33.5(C-
rertiary). Analytical calculated for CasH22N20s: C, 69.76; H, 5.15; N, 6.51. Found: C, 69.16; H, 4.55;
N, 5.91.
4-Amino-3-(4'-(3-(4-hydrxy-3-methoxyphenyl)acryloyl)-[1,1'-biphenyl]-4-yl)butanoic acid 5d:
Dark red crystals, yield 79%, m.p 212-215°C. FT-IR (KBr,cm™): v 3423 (OH), 3183 (N-H), 1734,
1670 (C=0), 1611 (C=C). 'H-NMR (DMSO-d6,ppm): & 12.63, 9.65 (s,1H, OH), 8.15-7.34
(d,4H,H-arom.), 3.84 (s,3H,0CH3), 3.23 (d,2H,CH,CO), 3.05 (s,1H, NH,), 2.18 (d,2H,CH,N) 1.88-
178 (M,1H, CHeriay). °C-NMR (DMSO0-d6, ppm): & 192.3(C=0), 176.4(COOH), 153.5(C-0),
132.5-122.6(C-arom.), 56.12(C-O), 44.8(CH»-N), 37.4(CH,-CO), 32.7(C-tertiary). Analytical
calculated for CogHosNOs: C, 72.37; H, 5.84; N, 3.25. Found: C, 71.77; H, 5.24; N, 2.65.

The cytotoxicity assay [29]



The cytotoxic activities of derivatives Sa—d were investigated in vitro against two human
cancer cell lines (HdFn, MCF-7) using the MTT test. The cell cultures, 100 uL of 2x10* cells/mL in
DMEM (Dulbecco’s Modified Eagle’s medium) containing 10% FBS (fetal bovine serum), were
seeded in polystyrene microplates (96-well flat-bottom) and incubated at 37°C for 24h in 5% CO,
humidified atmosphere. Next, different concentrations of derivatives Sa—d (10, 20, 40, 60, and 80
uM) were added to the plate and then incubated for 48 h. After that, the old medium was replaced
and a solution of MTT (50 pL of 0.5 mg/mL in DMEM) was added to each well in the plate and
then incubated for another 4 h. The formazan crystals obtained were solubilized by adding 100 puL
of DMSO to each well. The solution absorbance obtained was determined at 570 nm on an ELISA
microplate reader. The mean percentage of cell viability was calculated from the data obtained. A
triplicate of experiments was performed for each test.

Antioxidant assay [30]

The antioxidant effect of compounds 5a—d was evaluated in vitro using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging assay. Practically, a solution of DPPH (60 uM) in 2ml of
ethanol was individually added to different concentrations of derivatives Sa—d (12.5, 25, 50, 100,
250, and 500uM), and then the homogenized mixture was incubated in the dark for 30 min. After
that, the absorbance of the solution was determined at wavelength 515 nm on a UV/Vis
spectrophotometer Amersham Biospectro. The results obtained were compared with ascorbic acid
and used to calculate the percentage of reduction of the DPPH. The percentage of inhibition was
calculated using the following formula:

% of antioxidant activity= [(Ac—As) ~Ac] x 100
Where: Ac is absorbance of the control; Asis absorbance of the sample.
Docking study analysis [31]

Four of the synthesized compounds underwent molecular docking studies and the target is to
identify the potential binding with the estrogen receptor alpha (ERa) with ID 3ERT obtained from
PDB page https://www.rcsb.org/. The selected derivatives were sketched in 2D and converted into
3D using molecular mechanics and then used as ligands. Autodock 4.2.6 program was used in
calculating the result of the docking analysis as binding energy. Discovery Studio software was
employed to set the receptor and shown the binding modes as 2D interaction poses.

Results and Discussion

According to the Suzuki-Mayura coupling reaction, 3-(4'-acetyl-[1,1'-biphenyl]-4-yl)-4-
aminobutanoic acid was synthesized from reaction 4-amino-3-(4-chlorophenyl)butanoic acid 1
(Baclofen) with (4-acetylphenyl)boronic acid 2 using a palladium catalyst and a base as sodium
carbonate, as shown in Scheme 1.
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Scheme 1. Synthesis of compound 3 by Suzuki-Mayura coupling reaction

In the next step, the derivative 3 was reacted with some aromatic aldehydes 4a-d in the
presence of piperidine as a catalyst to synthesize chalcone derivatives 5a—d according to the
Claisen-Schmidt condensation mechanism, as shown in Scheme 2. The structures of all synthesized
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compounds were spectroscopically characterized by (IR, 'H NMR, C NMR) as well as micro-

elements analysis. The spectroscopic data obtained were included in the Experimental part.
HO HO

+
O Ethanol
e

piperdine

3 4a-d Sa-d

Where 5a: R=OH, R1=H
5b: R=N(CH3)2, R1=H
S5c: R=NO2, R1=H
5d: R=OH, R2=0OMe

Scheme 2. The experimental steps for synthesis of compounds Sa-d

Biological activity
Cytotoxicity of synthesized compounds

The four derivatives Sa—d were screened in vitro for evaluation of their antitumor activities
against two cancer cell lines HdFn and MCF-7 by the standard MTT method and using Tamoxifen

drug as a positive control. The percentages of cell viability of the compounds 5a and 5d are shown
in Fig.1.
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Fig. 1. Cell viability percentage of compounds 5S¢ and 5d against two cancer cell lines HdFn
and MCF-7.

The cytotoxicity results of derivatives Sa—d against HdFn and MCF-7 were compared with
the activity of Tamoxifen and presented as ICsy in Table 1. According to the results, found that
some of the tested derivatives exhibited good inhibitory activity. Among those derivatives, Sa and
5d showed anti-proliferative effects against MCF-7 cells with an ICsy value of 32.5 and 37.6uM,
respectively. For of HdFn cells, derivatives 5a and 5¢ showed acceptable cytotoxicity in comparison
with the activity of Tamoxifen, while the other derivatives exhibited poor cytotoxic activity.
Generally, the results of this test are preliminary evidence that calls on researchers to conduct many
tests to use these derivatives as therapeutic agents in the future.

Table 1. The cytotoxicity results for synthesized compounds Sa-d against HdFn and MCF-7
cancer cell lines in comparison to the Tamoxifen drug.

| C50],lM:|:SD

HdFn MCF-7
S5a 76.7+3.24 | 32.5+1.25

Compounds



5b > 200 86.4+4.11

5¢c 78.6 +3.95 > 200

5d 88.6+4.16  37.6+1.31
Tamoxifen | 36 £1.14 30+£1.02

Antioxidant activity study

The antioxidant activity of new compounds 5a-d was tested using a DPPH assay. The
ascorbic acid is used as a reference for comparison. The test mechanism depends on using hydrogen
donor antioxidants for the reduction of the DPPH radical solution and formation of the DPPH-H.
Generally, the tested compounds showed potent activity as antioxidants according to the results
obtained in Table 2. At a concentration of 500 pM, found that the % inhibition of 5a, 5c¢ and 5d
potency of 86.62, 81.38, and 76.42%, respectively. These results revealed that compounds 5a, Sc
and 5d have the most potent levels of activity compared to that of standard ascorbic acid and this
may be due to their structural properties that help in capturing free radicals.

Table 2. Results of DPPH assay of derivatives Sa-d at wavelength 515 nm and concentration

500 pM.

Compounds Absorbance of Sample % Inhibition
5a 0.063 86.62+4.81
5b 0.214 32.64+1.39
5¢ 0.071 81.38+4.21
5d 0.104 76.42+4.05

Ascorbic-acid 0.065 86.24+4.76

Molecular Docking study

A molecular docking of derivatives 5a-d was studied in silico and the aim is to justify their
biological activity. A derivatives S5a-d were docked as ligands with the receptor ERa (PDB: 3ERT).
According to the docking results, the binding energy of derivatives Sa—d were -9.26, -7.34, -3.7 and
-8.81 [kcal/mol], respectively. The results obtained revealed that the derivatives 5a, 5c, and 5d
bound with the active site of the protein selectively by various interactions such as hydrophobic,
electrostatic interactions and hydrogen bonds. The binding pose of Sa, Sc and 5d with the active
pocket in the protein was shown as 2D representations in Fig.2. The binding energies and types of
interactions are shown in Table 3.
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Fig. 2. 2D conformations for simulation of 5a-d with the active site of the target protein

Table 3. Docking results, the binding energy and types of interactions of derivatives 5a-d with
the catalytic site of the target protein.

Compound Ligand moiety Site(A.A)
NH, GLU 758 (A)
OH LEU 861(A)
5a 6-ring LEU 861(A)
LYS 860(A)
C=0 ARG 836(A)
Other
NH, PRO 699(A)
N-(Me)2 LEU 777(A)
5b 6-ring ALA 702(A)
ILE 1018(A)
C=0 ARG 831(A)
Other
NH, ALLI 886(A)
C=0 LYS 875(A)
5¢ 6-ring PRO 877(A)
VAL 876(A)
VAL 876(A)
Other
OH TYR 827(A)
NH, GLN 1020 (A)
5d 6-ring ALA 702(A)
LEU 703(A)
ARG 705(A)

Other

Interaction
H- Bond
H- Bond
Pi-Alkyl
Pi-Alkyl
H-Bond

Electrostatic
H- Bond
H- Bond
Pi-Alkyl
Pi-Alkyl
H-Bond

Electrostatic
H- Bond
H- Bond
Pi-Alkyl
Pi-Alkyl
Pi-Sigma

Electrostatic
H- Bond
H-Bond
Pi-Sigma
Pi-Alkyl
Pi-Alkyl

Electrostatic

E (kcal/mol)

-9.26

-7.34

-3.7

-8.81



Conclusions

A series of chalcone derivatives bearing baclofen drug were synthesized via Claisen-Schmidt

condensation and biologically evaluated in vitro as anticancer and antioxidant agents. The results of

the

cytotoxicity assay indicated the possibility of using the compounds 4-Amino-3-(4'-(3-(4-

hydroxyphenyl)acryloyl)-[1,1'-biphenyl]-4-yl)butanoic acid 5a and 4-Amino-3-(4'-(3-(4-hydrxy-3-
methoxyphenyl)acryloyl)-[1,1'-biphenyl]-4-yl)butanoic acid 5d as antiproliferative agents of cell
lines MCF-7. In the DPPH test, results obtained revealed good antioxidant activity of some new
chalcone derivatives.
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HOBBIE ITPOU3BOAHBIE XAJIKOHA KAK IIPOTUBOPAKOBBIE U
AHTHOKCUIAHTHBIE ATEHTbI: CUHTE3, UCCJIEJOBAHUE MOJIEKYJISAPHOI'O
JOKHMHI'A U BUOJIOI'MYECKASA OHEHKA

Haouab A. A0nya-Puna, Kayrep M. Tanuo

Kadenpa xumun, Yausepcurer Anb-Kanucus, Jusanus, 58002, Upax
Email: nabeel.a.alradha@qu.edu.iqg, Kawthertallibl96(@gmail.com

AnHoTtanmsi: B pabGore mocpenctBom koHjeHcauuu Kunaiizena-IlImuara Obuld CHUHTE3MPOBAHBI
HOBBIE TIPOM3BOJIHBIE XaJIKOHA, COJEp)Kallue Ipenapar OakiaodeH, W OLIEHEHbl in Vitro Kak
NPOTUBOPAKOBBIE W  AHTHOKCHJAHTHbIE cpelacTBa. CHHTE3UpOBaHHBIE COEJUHEHUS ObUIN
oxapakrepu3oBanbl crnekrpamu HWK-Pypse, 'H-SIMP, °C-SIMP u snemenTHbIM aHamm3oMm. Bce
MPONYKTHI ObUTM MpOBepeHb! in vitro Ha kierounsle JuHuM HdFn u MCF-7. Pesynbprarsl ananusa
[IUTOTOKCUYHOCTH TIOKa3ajdd, YTO TPOW3BOAHBIE S5a uW S5d MPOAEeMOHCTPUPOBAIM XOPOIIEe
unruOupoBanue kierouHbix JuHHM MCF-7 co 3nauenusmu 1C50: 32,5 u 37,6 MM
COOTBETCTBEHHO, TOTJa KaK 5a M 5¢ mpoieMoHCTpupoBainu npuemiemoe uHruouposanue HdFn co
sHaueHusmu [C50 - 76,7 u 78,6 MkM, COOTBETCTBEHHO, 1O cpaBHeHUIo ¢ [Ipemapar Tamokcuden.
HccnenoBanne MOJEKYISIPHOTO JOKUHTA II€JIEBbIX COSAMHEHUH MOATBEPAMIIO PE3YIbTaThl TECTA Ha
IUTOTOKCMUHOCTb. Kpome Toro, pesynprarel J®III-uccnenoBanus BBIABWIM  XOPOLIYIO
AHTUOKCUJAHTHYIO aKTHBHOCThH MPOU3BOAHBIX 5a, 5B m 5d ¢ mpouentamu uHrnOupoBanus 86.62,
81.38 u 76.42%, COOTBETCTBEHHO, TI0 CPABHEHHIO C aCKOPOMHOBOW KHCIIOTOM.

KuroueBblie cjioBa: XajikoH, IPOTUBOPAKOBOE CPEICTBO, aHTHOKCUIAHT, MOJEKYISPHBIA JTOKUHT,
LIUTOTOKCUYHOCTb.

XALKONUN YENI TOROMOLORI XORCONGOQARSI VO ANTIOKSIDANT
AGENTLOR KiMi: SINTEZ, MOLEKULYAR DOKINQ TODQIQATI VO BiOLOJi
QIYMOTLONDIRILMO

Nabeel A. Abdul-Rida, Kavter M.Talib

Kimya s6basi, Ol-Qadisiyya Universiteti, Divaniyya, 58002, Iraq
Email: nabeel.a.alradha@qu.edu.iqg, Kawthertallibl 96(@gmail.com

Xiilasa: Isdo, torkibinda baklofen preparati olan bir sira yeni xalkon téromolori Claisen-Schmidt
kondensasiyas1 ilo sintez edilmis, xor¢cong oleyhino vo antioksidant agentlor kimi in vitro
qiymotlondirilmisdir. Yeni sintez edilmis birlosmolor FT-IK, 'H-NMR, "C-NMR spektrlori ilo
xarakterizo edilmisdir vo homg¢inin element analizi aparilmigdir. Biitiin alinan maddslor hom HdFn,
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hom do MCF-7 hiiceyrolora qars1 in vitro olaraq yoxlanilmisdir. Sitotoksik analizinin noticolori
gostordi ki, IC50 doyarlori miivafiq olaraq 32,5 vo 37,6 uM olan 5a vo 5d toromolori MCF-7
hiiceyra sirasina qarsi yaxsi inhibisiya gostorirlor, 5a va 5c birlagmalori isa IC50 iizrs 76,7 vo 778
uM qiymatlorine malik olub Tamoksifen preparati ilo miigayisodo HdFn hiiceyro sirasina qarsi
gonaatbaxs inhibitorluq niimayis etdirirlor. Alinmis birlagsmolorin molekulyar doking tadqiqi onlarin
sitotoksiklik testinin naticolorini tosdiqlodi. Bundan oslavo, DPPH todqgiqatlarinin naticolori osasinda
miloyyon edildi ki, 5a, 5¢ vo 5d téromolori miivafiq olaraq 86.62, 81.38 vo 76.42 % inhibitorluq
faizlorino malikdirlor vo askorbin tursusu ilo miiqayisodo yaxsi antioksidant aktivliyi gostorirlor.
Acar sozlari: Xalkon, xor¢gongo qarsi, Antioksidant, Molekulyar Doking, Sitotoksik



