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 Abstract: A new series of xanthyl-cinnamate hybrid compounds (4a-d) have been 
synthesized and screened through in vitro assay against four human cancer cell lines, i.e., 
HeLa, T47D, A549, and WiDr. The results revealed that xanthone hybridization with 
cinnamic acid increases the selectivity of the compounds with SI values of 2.75–209.03 
compared to its parent oxygenated-xanthone. Compound 1,3-dihydroxyxanthen-6-yl 
cinnamate (4c) showed high cytotoxic activity against WiDr cell lines with an IC50 value 
of 39.57 μM. Molecular docking studies revealed the possible binding modes of all hybrid 
compounds with EGFR protein. A complex of 3,6-dihydroxyxanthen-1-yl cinnamate 
(4d)-EGFR, as the best binding model, exhibited higher predicted EGFR inhibitory 
activity than erlotinib and oxygenated-xanthone with a ΔG and Ki value of -35.02 kJ/mol 
and 0.74 μM, respectively. Compounds 4c and 4d were chosen as the most potent 
derivates from the study. 
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■ INTRODUCTION 

The serious challenges in cancer treatment are still 
ongoing nowadays as cancer recorded a high mortality 
rate and rapidly increased incidence every year in all 
countries [1]. Chemotherapy, along with surgery and 
radiation therapy, is one of the three standard cancer 
treatments; however, some available medicines show low 
effectiveness and significant adverse effects on the human 
body [2]. Thus, they lead to the necessity of developing a 
new anticancer that will give better activity and overcome 
the high toxicity of current drugs. 

Extensive research on the xanthone derivatives as 
anticancer agents has been published, revealing improved 
in vitro activity and drug-like characteristics [3-5]. 
Xanthone is an oxygenated heterocyclic aromatic 
molecule with a central pyran ring. Because of its 

structure rigidity [6], xanthone serves as a privileged 
structure in biological profiling. It was thoroughly 
reported that introducing additional substituents to the 
xanthone skeleton enhances its anticancer activity 
significantly. For instance, Fatmasari et al. [7] reported 
the synthesis of oxygenated xanthones as the anticancer 
agent against HeLa, WiDr, and MCF-7; however, these 
compounds were found to be toxic to normal cells. On 
the other hand, Yuanita et al. [8] have synthesized new 
xanthone derivatives through the attachment of halogen 
groups into oxygenated xanthones. The in vitro 
cytotoxicity study of chloroxanthone compounds 
against P388, HepG2, T47D, and HeLa cell lines revealed 
that the chloro-group enhanced the oxygenated 
xanthone anticancer activity, as well as decreased their 
toxicity properties. 
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Modification in the oxygenated xanthones structure 
through a molecular hybridization technique has also been 
investigated to discover and widen the potential application 
of these compounds as anticancer drugs. Cinnamic acid 
has been reported as an attractive anticancer candidate [9] 
due to its ability to induce apoptosis which causes cell 
death. This compound also causes cytoskeleton disruption 
in human melanoma cells [10]. Keawsa-ard et al. [11] 
reported the isolation of trans-cinnamic acid from 
Solanum spiral Roxb. leaves and its evaluation as the 
anticancer agent against oral KB, MCF-7, and NCI-H187 
cancer cell lines. It was found that trans-cinnamic acid 
compounds have non-toxic properties in contrast to the 
used positive control Ellipticine. This cinnamoyl moiety 
was also observed in various types of biologically active 
substances and has been used to build new active 
compounds for anticancer [12-13], antiproliferative [14], 
anti-inflammatory [15] and antimicrobial [16] agents. 
Through maintaining the cinnamate structure, the 
molecular hybridization approach can be used by 
combining this compound with other active compounds 
to design a more active anticancer agent [17]. In the drug 
discovery field, the development of hybrid molecules by 
combining distinct pharmacophores may result in new 
compounds with outstanding biological characteristics. 
Furthermore, this technique may yield molecules with 
altered selectivity profiles, multiple modes of action, and 
decreased toxicities [18]. 

Based on the above findings, molecular 
hybridization of xanthone with cinnamate moiety was 
conducted in this study to obtain new efficient anticancer 
compounds with higher selectivity. All hybrid 
compounds were evaluated for their in vitro cytotoxicity 
activities against Hela, T47D, A549, WiDr, and Vero cell 
lines. In addition, molecular docking studies of the 
xanthyl-cinnamates against EGFR protein were 
conducted to determine the predicted binding mode of 
the hybrid compounds as anticancer agents. 

■ EXPERIMENTAL SECTION 
Materials 

All chemicals and solvents used in the synthesis 
were from commercial sources without any further 

purification. Phloroglucinol (2a), resorcinol (2b), 
potassium carbonate (K2CO3), acetone, and acetonitrile 
were purchased from Merck. Eaton’s reagent, salicylic 
acid (1a), and 2,4-dihydroxybenzoic acid (1b) were 
purchased from Sigma-Aldrich. The cell lines used for 
the cytotoxicity evaluation were human cervix carcinoma 
(HeLa, ATCC CCL-2), human breast cancer (T47D, 
ATCC HTB-133), colon adenocarcinoma (WiDr, ATCC 
CCL-218), adenocarcinoma human alveolar basal 
epithelial (A549, ATCC CCL-185), and kidney of an 
African green monkey (Vero, ATCC CCL-81). The 
materials used for the cytotoxicity evaluation were 
Dulbecco’s Modified Eagle Medium (DMEM), media 199 
(M199), Fetal Bovine Serum (FBS), penicillin-
streptomycin (Pen-Strep), mycoxpert mycoplasma, 
fungizone, trypsin-EDTA solution, dimethyl sulfoxide 
(DMSO), phosphate-buffered saline (PBS), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), HCl 0.01 M, and sodium dodecyl sulfate (SDS). 
Parasitology Laboratory, Universitas Gadjah Mada, 
supplied all the cells and other materials needed in the 
experiment. 

Instrumentation 

The 1H- and 13C-NMR spectra were recorded using 
a JNM-ECZ500R/S1 and JNM-ECS400 (1H 500 MHz and 
400 MHz, and 13C 125 MHz and 100 MHz), respectively, 
using DMSO-d6 and CD3OD as solvent. The chemical 
shifts were shown relative to tetramethylsilane (TMS) as 
an internal standard in the deuterated solvent. Two 
dimensional-NMR experiments were performed using 
Heteronuclear Multiple Bond Correlation (HMBC, 
JNM-ECZ500R/S1) and Heteronuclear Multiple 
Quantum Coherence (HMQC, JNM-ECZ500R/S1). The 
mass spectra were obtained from either a direct-
ionization mass spectrometer (DI-MS, Shimadzu 
QP2010S) or an ultra-performance liquid 
chromatography (UPLC) unit (LC: ACQUITY UPLC® 
H-Class System, Waters, USA) coupled with a mass 
spectrometer (Xevo G2-S QTof, Waters, USA). The IR 
spectra were taken on a Fourier-transform infrared 
spectrometer (FTIR, Shimadzu-Prestige 21). 
Purifications of the compounds were performed on 
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thin-layer preparative chromatography using Merck silica 
gel 60 (GF254) plates and flash chromatography using 
Merck silica gel 60 (0.040–0.063 mm). 

Procedure 

General procedure for the synthesis of 
hydroxyxanthones (3a-c) 

Compounds 3a-c were synthesized in 11.79–48.25% 
yield from the cyclization reaction of phenol derivatives 
(5 mmol) and benzoic acid derivatives (5 mmol) with the 
addition of Eaton’s reagent (5 mL). The mixture was 
stirred at 80 °C for 3 h. The mixture was cooled to room 
temperature, poured onto crushed ice, and allowed to 
stand for 1 h. The resulting solid was collected by 
filtration, washed with water, and dried in a desiccator. 
The purifications were performed with two kinds of 
methods: column chromatography (gradually 0–40% 
ethyl acetate in n-hexane) and thin layer preparative 
chromatography (n-hexane/ethyl acetate 7:3). The 
structure of all products was confirmed using 1H-NMR, 
13C-NMR, FTIR, and DI-MS. 
1,3-Dihydroxyxanthone (3a). Yield: 48.25% (yellow 
solid); 1H-NMR (CD3OD, 500 MHz): δ (ppm) 6.17 (1H, 
CHAr, d, J = 2.3 Hz, H2), 6.32 (1H, CHAr, d, J = 2.3 Hz, H4), 
7.38 (1H, CHAr, t, H7), 7.45 (1H, CHAr, d, J = 8.5 Hz, H5), 
7.75 (1H, CHAr, t, H6), and 8.16 (1H, CHAr, d, J = 7.5 Hz, 
H8). 13C-NMR (CD3OD, 125 MHz): δ (ppm) 93.92 (CHAr, 
C4), 98.01 (CHAr, C2), 102.46 (CAr, C9a), 117.37 (CHAr, 
C5), 120.35 (CAr, C8a), 123.82 (CHAr, C7), 125.19 (CHAr, 
C8), 135.00 (CHAr, C6), 156.07 (CAr, C10a), 158.13 (CAr, 
C4a), 163.51 (C–OH, C3), 166.72 (C–OH, C1), and 180.39 
(C=O, C9). IR (KBr) ν/cm−1: 1157 (C–O), 1566 (C=C), 
1613 (C=C), 1651 (C=O), and 3325 (O–H). DI-MS m/z = 
228 [M]+, 200, 171, 92, 77, 51, 39. 

1-Hydroxyxanthone (3b). Yield: 11.79% (yellow solid); 
1H-NMR (CD3OD, 500 MHz): δ (ppm) 6.77 (1H, CHAr, 
d, J = 7.6 Hz, H2), 6.99 (1H, CHAr, d, J = 7.8 Hz, H4), 7.44 
(1H, CHAr, t, H7), 7.56 (1H, CHAr, d, J = 8.5 Hz, H5), 7.65 
(1H, CHAr, t, H3), 7.83 (1H, CHAr, t, H6), and 8.24 (1H, 
CHAr, d, J = 8.0 Hz, H8). 13C-NMR (CD3OD, 125 MHz): 
δ (ppm) 108.05 (CHAr, C4), 109.73 (CAr, C9a), 111.16 
(CHAr, C2), 118.95 (CHAr, C5), 121.53 (CAr, C8a), 125.30 
(CHAr, C7), 126.62 (CHAr, C8), 137.06 (CHAr, C6), 138.16 
(CHAr, C3), 157.52 (CAr, C10a), 157.65 (CAr, C4a), 162.92 
(C–OH, C1), and 183.51 (C=O, C9). IR (KBr) ν/cm−1: 1234 
(C–O), 1474 (C=C), 1613 (C=C), 1651 (C=O), and 3449 
(O–H). DI-MS m/z = 212 [M]+, 184, 155, 92, 77, 51, 39. 
1,3,6-Trihydroxyxanthone (3c). Yield: 15.39% (yellow 
solid); 1H-NMR (CD3OD, 400 MHz): δ (ppm) 6.12 (1H, 
CHAr, d, J = 2.0 Hz, H2), 6.25 (1H, CHAr, d, J = 2.0 Hz, 
H4), 6.71 (1H, CHAr, d, J = 2.4 Hz, H5), 6.80 (1H, CHAr, 
dd, J = 9.0 and 2.4 Hz, H7), and 7.95 (1H, CHAr, d, J = 9.0 
Hz, H8). 13C-NMR (CD3OD, 100 MHz): δ (ppm) 93.65 
(CHAr, C4), 97.68 (CHAr, C2), 101.77 (CHAr, C5), 102.06 
(CAr, C9a), 112.93 (CAr, C8a), 113.41 (CHAr, C7), 126.96 
(CHAr, C8), 158.07 (CAr, C10a), 158.12 (CAr, C4a), 163.34 
(C–OH, C6), 164.39 (C–OH, C3), 165.37 (C–OH, C1), 
and 179.91 (C=O, C9). IR (KBr) ν/cm−1: 1180 (C–O), 
1458 (C=C), 1574 (C=C), 1613 (C=O), and 3503 (O–H). 
DI-MS m/z = 244 [M]+, 215, 137, 187, 108, 93, 69, 51, 39. 

General procedure for the synthesis of xanthyl-
cinnamate (4a-d) 

The syntheses were performed according to the 
previous method by replacing 1,3-dibromopentane with 
cinnamoyl chloride [19]. The synthesis of the xanthyl-
cinnamate was performed by reacting hydroxyxanthone 
(0.2 mmol) with  cinnamoyl  chloride (0.2 mmol)  in the  

 
Scheme 1. Synthesis of hybrid compounds 4a-d: (a) Eaton’s reagent (5 mL), 80 ± 3 °C, 3 h; (b) K2CO3 (0.25 mmol), 
acetone/acetonitrile 1:2 (v/v), 70 ± 5 °C, 4–5 h 
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presence of K2CO3 (0.25 mmol) in acetone/acetonitrile 
media. The mixture was stirred at 70 °C for 4–5 h. The 
progress of the reaction was monitored using the TLC 
technique. Upon completion, the desired compound was 
filtered, and the solvent was evaporated. The solid 
product obtained was purified by thin layer preparative 
chromatography (n-hexane/ethyl acetate = 7:3). The 
structure of all compounds was confirmed using 1H-
NMR, 13C-NMR, HMQC, HMBC, FTIR, DI-MS, and LC-
MS. 
3-Hydroxyxanthen-1-yl cinnamate (4a). Yield: 15.92% 
(yellow solid); 1H-NMR (DMSO-d6, 500 MHz) and 13C-
NMR (DMSO-d6, 125 MHz) data, see Table 1. IR (KBr) 
ν/cm−1: 1134 (C–O), 1466 (C=C), 1574 (C=C), 1628 
(C=O), 1744 (C=O α,β-unsaturated ester), and 3449 (O–
H). DI-MS m/z = 358 [M]+, 267, 228, 199, 171, 131 (base 
peak), 103, 77, 51, 39. 
Xanthen-1-yl cinnamate (4b). Yield: 10.09% (white 
crystal); 1H-NMR (DMSO-d6, 500 MHz) and 13C-NMR 
(DMSO-d6, 125 MHz) data, see Table 1. IR (KBr) ν/cm−1: 
1134 (C–O), 1474 (C=C), 1613 (C=C), 1667 (C=O), and 
1721 (C=O α,β-unsaturated ester). LC-MS m/z = 343 
[M+H]+. 
1,3-Dihydroxyxanthen-6-yl cinnamate (4c). Yield: 
17.91% (yellow solid); 1H-NMR (DMSO-d6, 400 MHz) 
and 13C-NMR (DMSO-d6, 100 MHz) data, see Table 1. IR 
(KBr) ν/cm−1: 1165 (C–O), 1451 (C=C), 1613 (C=C), 1651 
(C=O), 1713 (C=O α,β-unsaturated ester), and 3426 (O–
H). LC-MS m/z = 375 [M+H]+. 
3,6-Dihydroxyxanthen-1-yl cinnamate (4d). Yield: 
12.70% (yellow solid); 1H-NMR (DMSO-d6, 400 MHz) 
and 13C-NMR (DMSO-d6, 100 MHz) data, see Table 1. IR 
(KBr) ν/cm−1: 1134 (C–O), 1458 (C=C), 1605 (C=C), 1628 
(C=O), 1736 (C=O α,β-unsaturated ester), and 3426 (O–
H). LC-MS m/z = 375 [M+H]+. 

Cytotoxicity evaluation 
MTT assay was performed to evaluate the 

cytotoxicity activity of all synthesized compounds. 
Malignant and normal cell lines were cultured and 
dispensed into a 96-well plate; incubated at 37 °C in an 
incubator with 5% CO2. Doxorubicin and cisplatin were 
chosen as positive controls. Four xanthyl-cinnamate 
derivates and three oxygenated-xanthones were screened 

at two-fold serial dilutions after diluting the 
corresponding solid in DMSO. After the cell exposure to 
the tested compounds for 24 h, the MTT solution was 
added to each well and placed in an incubator for 4 h. 
The plate was stored in a darkroom overnight after 
adding SDS solution. The absorbance was measured using 
an ELISA reader at a fixed wavelength of 595 nm. Each 
concentration of samples was assayed in triplicate, and the 
experiment was repeated biologically once or twice. The 
growth inhibition percentage of the cells is calculated 
and expressed in IC50, which represents the effective 
concentration required to inhibit 50% of cell growth. 

Molecular docking 
The crystal structures of EGFR in the complex with 

erlotinib (PDB ID: 1M17) were obtained from the 
Protein Data Bank (www.rcsb.org). Erlotinib was used as 
an EGFR native ligand. The protein and native ligand 
were prepared by Chimera software and saved in .pdb 
format. The three-dimensional structure of all xanthone 
derivatives (3a-c and 4a-d) was prepared and optimized 
in Gaussian 09 using DFT (B3LYP/3-21G) prior to the 
molecular docking studies. The molecular docking 
simulations were performed similarly to the previous 
study [20]. The grid box was defined using a 60 Å box (x, 
y, and z) with 0.375 Å of spacing. All parameters were 
kept as default. Afterward, the binding energy (ΔG) and 
inhibition constants (Ki) of xanthone derivatives and the 
native ligand that interacted with protein targets were 
calculated using AutoDock 4.2 software. These 
parameters were used by the program to score and rank 
each structure. Then, the molecular docking results were 
visualized using Discovery Studio Visualizer 2019. 

■ RESULTS AND DISCUSSION 

Synthesis of Xanthyl-Cinnamate 

Compounds 3a-c were successfully prepared by 
cyclization of phenol derivatives and benzoic acid 
derivatives using Eaton’s reagent. The oxygenated 
xanthones were used as starting material for the further 
synthesis step. The xanthones were mixed with 
cinnamoyl chloride in the presence of potassium 
carbonate to produce the xanthyl-cinnamate derivatives. 
Acetonitrile was used as the solvent to produce 
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compounds 4a-b, while acetone-acetonitrile (1:2) was 
utilized to produce compounds 4c-d (Fig. 1). The 
synthesis route of xanthyl-cinnamate in this work is 
shown in Scheme 1. All the new compounds were 
characterized by 1H-NMR, 13C-NMR, MS, FTIR, HMQC, 
and HMBC. The spectral data of the synthesized 

compounds are given in Table 1. In general, the FTIR 
spectra of xanthyl-cinnamate showed the appearance of 
C=O ester groups at 1705–1745 cm−1, indicating the 
characteristic of cinnamate moiety, while the C=O 
functional group of xanthone structure appeared at 
1628–1667 cm−1. 
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Fig 1. The structure of the synthesized xanthyl-cinnamate hybrid compounds 

Table 1. 1H-, 13C-NMR, and HMBC spectra data for compounds 3-hydroxyxanthen-1-yl cinnamate (4a) and xanthen-
1-yl cinnamate (4b) 

Position 4a 4b 
δH (J in Hz) δC, type HMBC δH (J in Hz) δC, type HMBC 

1 - 156.94, CO - - 157.19, CO  
2 7.05, d (2.1) 102.00, CHAr C1, C9a 7.63, d (8.4) 116.96, CHAr C1, C9a 
3 - 162.57, C–OH - 7.87, t 136.24, CHAr C4a 
4 6.76, d (2.1) 105.17, CHAr C2, C3, C4a, C9a 7.21, d (7.9) 119.24, CHAr C2, C4a 
5 7.66, d (8.0) 118.58, CHAr C10a, C7, C8a 7.61, d (8.6) 118.48, CHAr C7, C8a, C10a 
6 7.91, t 137.10, CHAr C10a 7.87, t 136.12, CHAr C10a 
7 7.50, t 125.44, CHAr C5 7.42, t 125.18, CHAr C5, C8a 
8 8.17, d (8.0) 126.04, CHAr C6, C9, C10a 8.05, d (8.1) 126.45, CHAr C6, C9, C10a 
4a - 157.71, C - - 149.97, C - 
8a - 120.44, C - - 122.02, C - 
9a - 107.06, C - - 115.06, C - 
10a - 156.20, C - - 155.35, C - 
9 - 181.67, C=O - - 175.26, C=O - 
1’ - 164.58, C=O - - 165.38, C=O - 
2’ 6.90, d (16.0) 117.17, C=C C4’, C1’ 6.97, d (16.0) 118.05, C=C C1’, C4’ 
3’ 7.89, d (16.0) 147.94, C=C C1’, C2’, C5’ 7.86, d (16.0) 146.83, C=C C1’, C2’, C5’ 
4’ - 134.28, C - - 134.47, C - 
5’ 7.81, m 129.61, CHAr C6’ 7.86, m 129.60, CHAr C7’ 
6’ 7.44, m 129.37, CHAr C4’ 7.43, m 129.22, CHAr C4’ 
7’ 7.45, m 131.70, CHAr C6’, C6” 7.43, m 131.43, CHAr C5’ 
5” 7.81, m 129.61, CHAr C6” 7.86, m 129.60, CHAr C7’ 
6” 7.44, m 129.37, CHAr C4’ 7.43, m 129.22, CHAr C4’ 
OH 12.78, s - C3, C4 - - - 
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The 1H-NMR of compounds 4a-d showed two 
characteristic signals of proton bound to the α,β-
unsaturated ester of hybrid xanthyl-cinnamate structure 
at δH 6.87–6.97 and 7.86–7.90 ppm corresponding to the 
H2’ and H3’, respectively. Large J values (16.0 Hz) at H2’ 
and H3’ indicated the presence of trans-double bonds. 
Meanwhile, their 13C-NMR spectra showed C–O signals 
at 156.20–158.35 ppm corresponding to the ester group of 
xanthyl-cinnamate and two carbonyl signals at δC 175.26–
181.67 and 164.58–166.55 ppm corresponding to the 
carbonyl group of xanthone and cinnamate, respectively 
(Tables 1 and 2). It was found that the reaction between 
compound 3c and cinnamoyl chloride produced two 
isomeric products, 4c and 4d. The 1H- and 13C-NMR 
spectra proved this reaction produced two products, and 
LC-MS detected the same molecular mass at m/z equal to 
375. This phenomenon occurred due to the gradual 

addition of 2 equivalents of cinnamoyl chloride as an 
acylation reagent to the reaction. Compound 3c has 
three OH substituents, making a high probability of 
obtaining a xanthyl-cinnamate isomer using K2CO3 via 
esterification. This phenomenon was not observed in the 
synthesis reaction of 4a and 4b. 

In Vitro Cytotoxicity Evaluation 

The cytotoxic effect of xanthyl-cinnamate was 
evaluated using the MTT test on four human cancer cell 
lines, i.e., HeLa, T47D, A549, and WiDr (Table 3). All 
xanthyl-cinnamate compounds exhibited no anticancer 
activity against HeLa, while only compound 4d exhibited 
a weak inhibitory impact against A549 [21]. Out of the 
seven compounds tested, compounds 4c and 4d gave 
lower IC50 values than compounds 4a and 4b, meaning 
that these  compounds  have  higher  anticancer  activity.  

Table 2. 1H- and 13C-NMR spectra data for compounds 1,3-dihydroxyxanthen-6-yl cinnamate (4c) and 3,6-
dihydroxyxanthen-1-yl cinnamate (4d) 

Position 
4c 4d 

δH (J in Hz) δC, type δH (J in Hz) δC, type 
1 - 163.43, C–OH - 158.35, CO 
2 6.20, d (2.1)  98.90, CHAr 6.84, d (2.2) 102.64, CHAr 
3 - 164.80, C–OH - 164.63, C–OH 
4 6.37, d (2.1)  94.76, CHAr 6.68, d (2.0) 101.73, CHAr 
5 7.53, d (2.2) 111.53, CHAr 6.95, d (2.1) 105.03, CHAr 
6 - 158.08, CO - 162.57, C–OH 
7 7.32, dd (8.7, 2.2) 118.28, CHAr 6.93, dd (8.8, 2.1) 112.86, CHAr 
8 8.15, d (8.7) 127.30, CHAr 8.01, d (8.8) 131.67, CHAr 
4a - 156.60, C - 157.05, C 
8a - 102.63, C - 115.30, C 
9a - 119.49, C - 106.50, C 
10a - 156.21, C - 156.82, C 
9 - 179.67, C=O - 180.50, C=O 
1’ - 166.55, C=O - 165.67, C=O 
2’ 6.91, d (16.0) 117.13, C=C 6.87, d (16.0) 117.20, C=C 
3’ 7.90, d (16.0) 147.95, C=C 7.88, d (16.0) 147.85, C=C 
4’ - 134.26, C - 134.28, C 
5’ 7.80, m 129.60, CHAr 7.79, m 129.35, CHAr 
6’ 7.44, m 129.37, CHAr 7.44, m 131.67, CHAr 
7’ 7.44, m 131.70, CHAr 7.44, m 128.09, CHAr 
5” 7.80, m 129.60, CHAr 7.79, m 129.35, CHAr 
6” 7.44, m 129.37, CHAr 7.44, m 131.67, CHAr 
OH 12.73, s - 13.04, s - 
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Table 3. The in vitro MTT assay of the tested compounds against human cancer cell lines and Vero normal cell line 

Compound 
IC50 (μM)a 

T47D HeLa A549 WiDr Vero 
3a 137.24 85.75 124.96 114.47 307.94 
3b 248.82* 1197.55 > 471.70b 1111.23* 7562.64 
3c 121.89 203.16 163.61 141.19 456.89 
4a 298.94 2398.69 371.15 122.43* 5739.72 
4b 549.33 2958.83* 247.66* 104.47* 8330.91 
4c 110.29 202.86 458.29 39.57 1051.76 
4d 62.46 204.36 61.90 57.62 827.14 
Doxorubicin 32.80 - - 3.73 3171.77 
Cisplatin - 68.42 82.00 - 168.68 

aAll values are expressed as the mean of once or twice biological replicates determinations. bValue has given because the compound could not 
reach a 50% inhibition at the highest compound concentration. *The experiments were done only in technical triplicates 

Table 4. Selectivity index of tested compounds as an anticancer agent 
Compound Selectivity Index (SI)a,b 

T47D HeLa A549 WiDr 
3a 2.30 4.52 2.47 4.50 
3b 30.40* 6.67 >16.03 6.81* 
3c 3.79 2.55 3.18 20.18 
4a 48.67 8.14 209.03 43.83* 
4b 23.10 2.82* 33.64* 79.73*  
4c 9.62 6.45 2.75 31.44 
4d 14.37 4.37 13.71 24.74 
Doxorubicin 220.08 - - 866.65 
Cisplatin - 2.62 2.31 - 

aAll values are expressed as the mean of once or twice biological replicates determinations. bSI value = IC50 value of Vero/IC50 value of cancer cell. 
*The experiments were done only in technical triplicates 
 
Compounds 4c and 4d possessing two hydroxy groups 
bound to the xanthone ring displayed the dominant 
cytotoxic activity compared to other xanthyl-cinnamate 
compounds, which resulted in lower IC50 values. In 
particular, compound 4c with an IC50 value of 39.57 μM 
exhibited a moderate cytotoxic effect against WiDr, 
according to [21]. The results showed that the presence of 
the hydroxy group in the xanthone ring improved the 
cytotoxicity of the compound. The differences in 
cinnamate position in the xanthone ring (4c and 4d) 
nearly have no significant effect on the compound activity. 

Selectivity index (SI) determination is a vital indicator 
of a compound’s cytotoxicity evaluation, which indicates 
selective cytotoxicity of the compounds in the malignant 
cells to the normal cells. Cytotoxicity assay on Vero cells 

was selected as a standard for determining the selectivity 
of the compounds. The cinnamate moiety in the xanthone 
displayed a selective effect with higher IC50 values 
(827.14–8330.91 μM) to Vero cells than the corresponding 
oxygenated-xanthone (307.94–7562.64 μM). As shown 
in Table 4, SI values of 4a-d compounds (2.75–209.03) 
passed the parameter SI higher than two according to 
[22], while oxygenated-xanthone (3a-c) showed lower SI 
values (2.30–30.40). This result demonstrates that 
cinnamate moiety addition increased the selectivity 
properties of xanthones as anticancer agents, which is 
remarkable as selectivity is a desirable property in a drug 
[23]. 

Although no dramatic changes were observed 
from the xanthone modification, the cytotoxic activity of 
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xanthyl-cinnamates against four cancer cell lines gave IC50 
values similar to the parent compounds (Table 3), 
especially on compounds 4c and 4d, which have the best 
cytotoxic activity between the hybrid molecules. Animal 
testing in vivo assays should be carried on the research to 
optimize the in vitro cytotoxic assay results. Using 
simplified in vitro assays may not be optimum, as there is 
a paradigm that refers to an uncritical hunt for 
"nanomolar potent" drugs using in vitro assays, which can 
create false positives in selecting a drug candidate [24]. 

Molecular Docking Studies 

The molecular docking studies of the synthesized 
compounds into the EGFR binding pocket were performed 
to explain the possible binding modes of these xanthone 
derivatives with EGFR. The over-expression activity of 

EGFR was reported in T47D, HeLa, A549, and WiDr cell 
lines [25-28]. The method used in this study has been 
through  validation  with  redocking  to set the  grid box.  

 
Fig 2. Overlay of 7 synthesized compounds (yellow) and 
erlotinib (navy) positions in the EGFR binding site 

Table 5. Molecular docking results of the synthesized compounds 
Compound ΔG (kJ/mol) Ki (μM) Hydrogen Bond 
3a -25.65 32.23 MET769, GLN767, THR766 
3b -25.19 38.46 MET769, GLN767, THR766 
3c -28.28 11.12 MET769, GLN767, THR766, LYS721 
4a -35.48 0.61 MET769 
4b -34.10 1.06 MET769 
4c -33.77 1.22 MET769, THR766, LYS721, ASP831 
4d -35.02 0.74 MET769, ASP776, PRO770 
erlotinib -29.62 6.46 MET769, CYS773 

 
Fig 3. (a) The 3D structure of 4d (magenta) binding mode in EGFR overlay with erlotinib (blue) position in the active 
site of EGFR protein; hydrogen bonding interaction shows in green lines, and (b) the 2D structure of 4d interaction 
with amino acid residues of the EGFR protein 
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Redocking of erlotinib in EGFR gives an RMSD value of 
1.56 Å and ΔG value of -29.62 kJ/mol. Erlotinib, an EGFR-
competitive inhibitor, interacted in the same spot of the 
ATP-EGFR complex. Erlotinib-EGFR interaction 
stabilized by two hydrogen bonds of N atom with 
MET769 and O atom with CYS773 [29]. 

All synthesized compounds that docked into the 
EGFR gave a similar spot to that of erlotinib, with 
MET769 as the benchmark (Fig. 2). The details molecular 
docking results (3D and 2D structures) of all synthesized 
compounds are presented in the Supplementary Data. 
The docking analysis of the four xanthyl-cinnamate 
compounds suggested that these compounds may interact 
with the EGFR active site more effectively than their 
parent compounds (Table 5). The complex of 4d-EGFR 
was chosen as the best binding mode with a ΔG value of -
35.02 kJ/mol and a Ki value of 0.74 μM. In the binding 
model, compound 4d with three oxygen atoms from the 
carboxyl and hydroxy groups establishes hydrogen bonds 
with MET769, ASP776, and PRO770 without detectable 
unfavorable donor-donor interactions in the complex 
(Fig. 3(a) and (b)). 

■ CONCLUSION 

A novel series of xanthyl-cinnamate was synthesized 
and evaluated as an anticancer agent. The present study 
shows that xanthyl-cinnamate compounds represent a 
promising cytotoxic activity, especially for compounds 4c 
and 4d. Molecular hybridization of xanthone and 
cinnamic acid (4a-d) resulted in a higher selectivity (SI = 
2.75–209.03) compared to oxygenated-xanthone (3a-c) 
(SI = 2.30–30.40). Furthermore, compound 4c was chosen 
as a promising drug candidate for colon cancer as it 
exhibited moderate cytotoxic activity with an IC50 value of 
39.57 μM against WiDr cell lines. The molecular docking 
studies of the synthesized compounds showed that all 
xanthyl-cinnamate (4a-d) exhibited a greater binding 
affinity than its parental molecules (3a-c) and erlotinib in 
the EGFR binding site. 
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