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Abstract:  Six benzhydrol analogues were successfully synthesised and evaluated for their antiproliferative effect on 

breast cancer cells. These compounds were designed based on the structure of 1´-acetoxychavicol acetate (ACA) and 

1´-acetoxyeugenol acetate (AEA), which known for their anticancer properties. Among them, compounds 3b, 3e, and 

3f demonstrated significant activity against MCF-7 and MDA-MB-231 breast cancer cell lines (between 5.5-6.0 µM 

and 1.1-7.0 µM, respectively), outperforming tamoxifen as the standard control. Molecular docking studies revealed 

that compounds 3b, 3e, and 3f shows good binding energies ranging from ̠ 5.13 to ̠ 7.27 kcal/mol with Nuclear Factor-

KappaB Kinase alpha (IκBα) protein (PDB ID: 1NFI), compared to ˗5.27 kcal/mol for tamoxifen (control). 3b and 

3f interact with IκBα at several residues including APE77, VAL93, and VAL97. The SwissADME and toxicity 

prediction analysis indicates that three compounds (3b, 3e, and 3f) adhere to the principles of drug-likeness. These 

findings suggest that the benzhydrol analogues, particularly 3b, 3e, and 3f, could be promising lead for further 

development as anticancer agents.  

 

Keywords: Benzhydrol analogues; antiproliferative; breast cancer; molecular docking; IκBα protein. ©2024 ACG 

Publication. All rights reserved. 

 

1. Introduction 

Breast cancer is the most prevalent malignancies affecting women worldwide with 2,296,840 

cases (23.8%) and 666,103 deaths (15.4%) being reported in 2022. According to GLOBOCAN 2022 

report, breast cancer constitutes approximately 31.3% of diagnosed cancers and 24.1% of cancer deaths 
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affecting Malaysian women.1 Breast cancer consists of various biological subtypes which possess 

different characteristics and their treatment options. Among these subtypes, triple-negative breast cancer 

(TNBC) accounts for roughly 20% of all breast cancers and it is usually characterized by the expression 

deficiency of progesterone receptor (PR), estrogen receptor (ER) and human epidermal growth factor 

receptor 2 (HER2).2 TNBC is regarded as a high grade breast cancer due to its aggressiveness. Moreover, 

TNBC does not respond to most of the targeted regimens such as HER2 monoclonal antibodies and ER 

antagonists. This eventually causes the number of metastatic cases and deaths to increase.3 Hence, there 

is an urgent need to explore effective drugs for the treatment of breast cancer, particularly TNBC.   

In this study, we will synthesise the benzhydrol analogues based on 1´-acetoxychavicol acetate 

(ACA) structure (Figure 1). ACA was previously isolated by our group from Malaysian wild-ginger, 

Alpinia conchigera Griff shows interesting cytotoxic activity on various cell lines including MDA-MB-

231 (4.8 μM), MCF-7 (30.0 μM), RT-112 (14.1 μM), EJ-28 (8.2 μM), PC-3 (26.7 μM), HSC-2 (5.0 μM) 

HSC-4 (5.5 μM), HepG2 (18.0 μM) and CaSki (17.0 μM).3-4 ACA also represents an attractive candidate 

for the treatment of many diseases5 and its ability to have anti-inflammatory properties.6-7 The 

mechanism of action of ACA and its analogue (i.e 1´-acetoxyeugenol acetate, AEA) is associated with 

the suppression of Nuclear Factor-KappaB Kinase alpha (IκBα) activation followed by the eventual 

inhibition of NF-ĸB activation.8-9  

 

 
   

Figure 1. Acetoxychavicol acetate (ACA) 

 

One of the problem for ACA, is the transformation of this compound to their isomer namely 

trans p-coumaryl acetate (TPCA, 2) via [3,3]-sigmatropic rearrangement (Figure 2). This transformation 

will affect the cytotoxicity from active to not active.  

 

 
 

 

Figure 2. Transformation of 1´-acetoxychavicol acetate (1) to trans p-coumaryl acetate (2) 

 

 In this study, we will synthesise the benzhydrol analogues based on the ACA structure to address 

the issue of instability and also to evaluate the cytotoxicity of the compounds on the human breast cancer 

cell lines MCF-7 and MDA-MB-231 compared to MCF-10A, the normal human breast cell lines. The 
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ADMET, prediction of toxicity profile and molecular docking of potent compounds on IκBα were 

investigated to understand their interactions between ligand and active sites.  

 

2. Experimental 

2.1. Generals 

All reactions were carried out in heat-dried glassware under an atmosphere of nitrogen unless 

otherwise stated. All liquid transfers were conducted using standard syringe or cannula techniques. 

DCM was dried under molecular sieves 4Å. All other reagents were obtained from Merck or Aldrich 

and used as received. Column chromatography was performed on silica gel (Merck, 60 Å C. C. 40-63 

mm) as the stationary phase. Thin Layer Chromatography (TLC) was performed on alumina plates pre-

coated with silica gel (Merck silica gel, 60 F254), which were visualized by the quenching of UV 

fluorescence when applicable (λmax = 254 nm and/or 366 nm) and/or by spraying with vanillin in acidic 

ethanol followed by heating with a heat gun. NMR spectra were recorded on a Bruker Avance (500 

MHz for 1H NMR, 125 MHz for 13C NMR) spectrometer system. Data were analysed via TopSpin 3.6.1 

software package. Spectra were referenced to TMS or residual solvent (CDCl3 = 7.26 ppm in 1H 

spectroscopy, and 77.0 ppm in 13C spectroscopy; MeOD-D4 = 4.78, 3.31 ppm in 1H spectroscopy, and 

49.2 ppm in 13C spectroscopy). Fourier transform infrared (FT-IR) spectra were recorded by Perkin 

Elmer FT-IR spectroscopy (Perkin Elmer, Waltham, MA, USA) in the frequency range of 4000 – 400 

cm-1 using the ATR method. Melting points were measured using an open capillary tube by Stuart 

Scientific SMP10 melting point apparatus (Staffordshire, UK) in temperatures ranging from 25 °C to 

350 °C. 

 
2.2. Chemistry 

2.3.1. Synthesis of 4-(hydroxy(phenyl)methyl)phenol (2) 

The 4-hydroxybenzophenone (1) (2.13 g, 10.76 mmol) was treated with NaBH4 (1.64 g, 43.04 

mmol) in the mixture of THF (100 mL) and H2O (30 mL). While the mixture was heated under reflux 

for overnight, the colour of the mixture was gradually changed from pale yellow to colourless. The 

reaction mixture was quenched with saturated aqueous ammonium chloride (NH4Cl) (20 mL). The 

layers were then separated and the aqueous layer was extracted with ethyl acetate (EtOAc) (3×20 mL). 

The combined organic solvents were then dried over sodium sulphate (Na2SO4), filtered, and collected. 

The product was directly used without further purification. The spectroscopic data will compared with 

those reported in the literature (Supporting information, S1-S2).10  

 

2.2.2. Synthesis of 4-(acetoxy(phenyl)methyl)phenyl acetate (3a) – Path A    

A benzhydrol 2 (0.220 g, 1.10 mmol) was dissolved in 10 mL of dry dichloromethane (DCM) 

and stirred in an ice bath. The 4-dimethylaminopyridine (DMAP) (0.268 g, 2.20 mmol), triethylamine 

(Et3N) (0.31 mL, 2.22 mmol) and acetic anhydride (0.21 mL, 2.20 mmol) were added dropwise while 

stirring the reaction solution. The ice bath was removed and the mixture was allowed to stirred at room 

temperature.  The reaction progress was monitored by TLC (1:4, n-hexane: ethyl acetate). After stirring 

at room temperature for overnight, the reaction mixture was quenched with saturated aqueous 

ammonium chloride (NH4Cl) (20 mL). The layers were then separated and the aqueous layer was 

extracted with ethyl acetate (EtOAc) (3×20 mL). The combined organic solvents were then dried over 

sodium sulphate (Na2SO4), filtered, and collected. The excess volatile solvent was removed under 

reduced pressure by using a rotary evaporator then gave the product as the yellowish oil (Supporting 

information, S3-S4).11  

2.2.3. General Procedure for Acylation Reactions (Path B): 

A benzhydrol 2 (1.0 equiv.) was dissolved in 20 mL of dry dichloromethane (DCM) and stirred 

in an ice bath. The 4-dimethylaminopyridine (DMAP) (0.1 equiv.), triethylamine (Et3N) (0.5 equiv.) 
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and acyl chloride (2.2 equiv.) were added dropwise while stirring the reaction solution. The ice bath was 

removed and the mixture was allowed to stirred at room temperature for overnight. The reaction progress 

was monitored by TLC (1:4, n-hexane: ethyl acetate). After stirring at room temperature for overnight, 

the reaction mixture was quenched with saturated aqueous ammonium chloride (NH4Cl) (20 mL). The 

layers were then separated and the aqueous layer was extracted with ethyl acetate (EtOAc) (3×20 mL). 

The combined organic solvents were then dried over sodium sulphate (Na2SO4), filtered, and collected. 

The excess volatile solvent was removed under reduced pressure by using a rotary evaporator then gave 

the product 3 (Supporting information, S5-S14).  

 (Et3N) (0.31 mL, 2.22 mmol) and isobutyryl chloride (0.23 mL, 2.20 mmol) were added 
dropwise while stirring the 4-((benzoyloxy)(phenyl)methyl)phenyl benzoate (3b). A benzhydrol 2 
(0.212 g, 1.06 mmol) was dissolved in 10 mL of dry dichloromethane (DCM) and stirred in an ice bath. 
The 4-dimethylaminopyridine (DMAP) (0.268 g, 2.20 mmol), triethylamine (Et3N) (0.31 mL, 2.22 
mmol) and benzyl chloride (0.26 mL, 2.20 mmol) were added dropwise while stirring the reaction 
solution. The reaction then proceeded and worked up according to the general procedure.  

4-((butyryloxy)(phenyl)methyl)phenyl butyrate (3c). A benzhydrol 2 (0.209 g, 1.05 mmol) was 
dissolved in 10 mL of dry dichloromethane (DCM) and stirred in an ice bath. The 4-
dimethylaminopyridine (DMAP) (0.268 g, 2.20 mmol), triethylamine (Et3N) (0.31 mL, 2.22 mmol) and 
butyryl chloride (0.25 mL, 2.20 mmol) were added dropwise while stirring the reaction solution. The 
reaction then proceeded and worked up according to the general procedure.  

4-((isobutyryloxy)(phenyl)methyl)phenyl isobutyrate (3d)11. A benzhydrol 2 (0.220 g, 1.10 
mmol) was dissolved in 20 mL of dry dichloromethane (DCM) and stirred in an ice bath. The 4-
dimethylaminopyridine (DMAP) (0.268 g, 2.20 mmol), triethylamine reaction solution. The reaction 
then proceeded and worked up according to the general procedure.  

4-(((cyclohexanecarbonyl)oxy)(phenyl)methyl)phenyl cyclohexane carboxylate (3e). A 
benzhydrol 2 (0.220 g, 1.10 mmol) was dissolved in 20 mL of dry dichloromethane (DCM) and stirred 
in an ice bath. The 4-dimethylaminopyridine (DMAP) (0.268 g, 2.20 mmol), triethylamine (Et3N) (0.31 
mL, 2.22 mmol) and cyclohexanecarbonyl chloride (0.26 mL, 2.20 mmol) were added dropwise while 
stirring the reaction solution. The reaction then proceeded and worked up according to the general 
procedure.  

4-(((furan-2-carbonyl)oxy)(phenyl)methyl)phenyl furan-2-carboxylate (3f). A benzhydrol 2 
(0.220 g, 1.10 mmol) was dissolved in 20 mL of dry dichloromethane (DCM) and stirred in an ice bath. 
The 4-dimethylaminopyridine (DMAP) (0.268 g, 2.20 mmol), triethylamine (Et3N) (0.31 mL, 2.22 
mmol) and 2-furoyl chloride (0.22 mL, 2.20 mmol) were added dropwise while stirring the reaction 
solution. The reaction then proceeded and worked up according to the general procedure.  

 

2.3. Biological Assay 

2.3.1. Cell Cultures   

MCF-7 and MDA-MB-231 human breast cancer cell lines, as well as MCF-10A, human normal 

breast cell lines, were used in this study. These cells were acquired from the  American Type Culture 

Collection (Manassas, VA, USA). MCF-7 and MDAMB-231 cells were regularly cultured in 

Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, Waltham,  MA, USA), and supplemented with 

10% (v/v) fetal bovine serum (FBS; Gibco, Waltham,  MA, USA) and 100 U/mL penicillin-streptomycin 

(PenStrep; Gibco, Waltham, MA, USA).  MCF-10A cells were routinely cultured in DMEM/F12 

(Gibco, Waltham, MA, USA) medium supplemented with 5% horse serum (Sigma-Aldrich, Burlington, 

MA, USA), 10 µg/mL of insulin (Sigma-Aldrich, Burlington, MA, USA), 20 ng/mL of human epidermal 

growth factor (hEGF; ThermoFisher, Waltham, MA, USA), 0.5 µg/mL of hydrocortisone (Sigma 

Aldrich, Burlington, MA, USA) and 1 U/mL PenStrep. All cell lines were maintained in a humidified 

atmosphere with 5% CO2 at 37 °C. 
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2.3.2. Antiproliferative Evaluation of Acyl Benzhydrol Analogues   

The effects of the benzhydrol analogues on MCF-7, MDA-MB-231, and MCF-10A were 

determined using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) proliferation 

assay. The cells were seeded at a density of 1×104 cells/well in a 96-well  plate. MCF10A was used as 

normal cell lines to determine the selectivity index (SI) values. The cells were treated using freshly 

prepared medium supplemented with an increasing concentration of tested compounds (0-100  μg/mL) 

within 24-72 hours at 37 °C.  For this assay, the blank and negative controls used were the culture 

medium alone (without cells) and cells with culture medium only (untreated cells), respectively.  For 

the positive control, tamoxifen was used and treated at the tested concentration above. At each 

incubation period, 10 μL (5 mg/mL) of MTT were added into each well, and incubated for 4 hours at 37 

°C, 5% CO2. The solution mixture in each well was replaced with 100 µL of dimethyl sulfoxide (DMSO) 

to solubilize the MTT crystalline products. The optical density (O.D.) of each well was measured using 

a microplate reader (PowerWave-XS; Bio-Tek Instruments, Winooski, Vermont, USA) at  570 nm 
 

2.3.3. Statistical Analysis  

The experiments were conducted in triplicate for each cell line. A plot of % cell proliferation 

versus sample concentration was used to show the 50% inhibitory concentration (IC50). The selectivity 

index (SI) values were calculated as the ratio of the 50% cytotoxic concentration (IC50 in cancer cell 

line)  to the 50% cytotoxic concentration on the normal cell line  (IC50 in non-cancerous cell line). Values 

of ∗p < 0.05 were considered significant. 

 

2.4. ADMET  

 Determining ADME is crucial. The ADME criteria, based on Lipinski’s rule of five, assess 

whether a ligand can be developed into a drug.12 Compounds 3b, 3d, 3e, and 3f, which showed the 

lowest binding energies with IκBα, underwent analysis for physicochemical properties and ADME 

profiling via the SwissADME webserver.13 Toxicity evaluations were conducted using the ProtoxII 

webserver.14  

 

2.4. Molecular Docking    

The binding energy of potent compounds for human Inhibitor of Nuclear Factor-KappaB Kinase 

alpha (IκB) were examined via molecular docking study. The procedure started with processing the 

PDB ID: 1NFI. The water molecules, chain a, chain b, chain c, chain d and chain F were removed using 

UCSF Chimera version 1.14 and saved as PDB format and named as IκB.pdb. The docking is 

initialized by using the target compounds smiles from Chemdraw and converted the format to PDB, 

followed by visualising IκB.pdb and compound pdbs in UCSF Chimera version 1.14.15 The polar 

hydrogens and Gasteiger charges were added to minimize the structures in the steepest descent step. The 

grid size was set to 27, 38, and 39 along the X-, Y-, and Z-axes with a 0.375 ˚A grid spacing while the 

grid centre along the X-, Y-, Z-axes was set to -5.9, 81, and 59 ˚A for docking searching process. This 

box is a location where few of N-terminal of IκB residues interact with NF-κB molecules. Lastly, the 

bindings and energy scores were calculated via AutoDock Vina performed in three different 

computers.16 For further analysis, the binding interaction between protein and compounds were analysed 

through Biovia Discovery Studio Visualizer Client 2020 (Dassault Systèmes BIOVIA, Discovery Studio 

Modeling Environment, Release 2017, San Diego: Dassault Systèmes, 2016).  
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3. Results and Discussion  

3.1. Chemistry 

Scheme 1. Synthetic pathway for the preparation of acyl benzhydrol analogues

 

 

Scheme 1 shows the route for the preparation of six benzhydrol analogues 3a-3f. The 

benzyhydrol analogues were synthesised from the intermediate 2, which was prepared from reduction 

of 4-hydroxybenzophenone (1) using sodium borohydride (Scheme 1). Treatment of 2 with acetic 

anhydride under usual condition afforded the acetyl analogue 3a (Path A) in 70% yield. Meanwhile the 

acyl analogues (i.e 3b-3f) were prepared by acylation of 2 with respective acyl chlorides in the presence 

of triethylamine and dimethylaminopyridine at 0˚C afforded good yield products between 85-91% (Path 

B). All synthesise compounds were elucidated using spectroscopic methods.  

 

4-(hydroxy(phenyl)methyl)phenol (2): White solid. Yield: (2.14 g, 99%). IR (ṽ/cm-1): 1H NMR (500 

MHz, CD3OD, δ/ppm): 4.48 (br s, 1H, O-H), 5.63 (s, 1H, H-7), 6.69 (d, J= 8.6 Hz, 2H, H-3, H-5), 7.09 

(d, J= 8.6 Hz, 2H, H-2, H-6), 7.14 (t, J= 7.5 Hz, 1H, H-11), 7.24 (t, J= 7.5 Hz, 2H, H-10, H-12), 7.28 

(d, J= 7.5 Hz, 2H, H-9, H13).  13C NMR (125 MHz, CD3OD, δ/ppm): 76.8 (C-7), 116.1 (C-3, C-5), 

127.7 (C-9, C13), 128.1 (C-11), 129.3 (C-2, C-6, C-10, C-12), 137.0 (C-1), 146.4 (C-8), 157.9 (C-4).

  

4-(acetoxy(phenyl)methyl)phenyl acetate (3a): Orange oil. Yield: (0.87 g, 70%). IR (ṽ/cm-1): 3021 

(Csp2-H stretching), 1711 (C=O stretching), 1510, 1223 (C-O stretching), 746. 1H NMR (500 MHz, 

CDCl3, δ/ppm): 2.16 (s, 3H, H-2''), 2.29 (s, 3H, H-2'), 6.89 (s, 1H, H-7), 7.06 (d, J= 8.6 Hz, 2H, H-3, H-
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5), 7.27-7.35 (m, 7H, H-2, H-6, H-9‒H-13). 13C NMR (125 MHz, CDCl3, δ/ppm): 21.2 (C-2′), 21.3 (C-

2″), 76.3 (C-7), 121.6 (C-3, C-5), 127.0 (C-9, C-13), 128.0 (C-11), 128.4 (C-2, C-6), 128.6 (C-10, C-

12), 137.8 (C-1), 139.9 (C-8), 150.2 (C-4), 169.5 (C-1'), 170.0 (C-1'').  

4-((benzoyloxy)(phenyl)methyl)phenyl benzoate (3b): White solid. Yield: (0.38 g, 85%). IR (ṽ/cm-1): 
3021 (Csp2-H stretching), 1725 (C=O stretching), 1211 (C-O stretching), 743. 1H NMR (500 MHz, 
CDCl3, δ/ppm): 7.08 (s, 1H, H-7), 7.14 (d, J= 8.7 Hz, 2H, H-3, H-5), 7.23 (t, J= 7.3 Hz, 1H, H-11), 7.30 
(t, J= 7.3 Hz, 2H, H-10, H-12), 7.38-7.44 (m, 8H, H-2, H-6, H-9, H-13, H-4', H-6', H-4″, H-6″), 7.51 (t, 
J= 7.3 Hz, 1H, H-5″), 7.55 (t, J= 7.3 Hz, 1H, H-5'), 8.08 (d, J= 8.5 Hz, 2H, H-3″, H-7″), 8.11 (d, J= 8.5 
Hz, 2H, H-3', H-7'). 13C NMR (125 MHz, CDCl3, δ/ppm): 76.9 (C-7), 121.8 (C-3, C-5), 127.2 (C-9, C-
13), 128.1 (C-11), 128.5 (C-4', C-6', C-4″, C-6″), 128.6 (C-2, C-6), 128.6 (C-10, C-12), 129.4 (C-2″), 
129.8 (C-3″, C-7″), 130.1 (C-2'), 130.2 (C-3', C-7'), 137.9 (C-1), 140.0 (C-8), 150.6 (C-4), 165.1 (C-1'), 
165.6 (C-1''). 

4-((butyryloxy)(phenyl)methyl)phenyl butyrate (3c): Yellowish oil. Yield: (0.33 g, 88%). IR (ṽ/cm-1): 
3024 (Csp2-H stretching), 1740 (C=O stretching), 1504, 1206 (C-O stretching), 1157, 746. 1H NMR 
(500 MHz, CDCl3, δ/ppm): 0.94 (t, J= 7.4 Hz, 3H, H-4″), 1.03 (t, J= 7.4 Hz, 3H, H-4'), 1.69 (q, J= 7.4 
Hz, 2H, H-3″), 1.77 (q, J= 7.4 Hz, 2H, H-3'), 2.40 (t, J= 7.4 Hz, 2H, H-2''), 2.52 (t, J= 7.4 Hz, 2H, H-
2'), 6.82 (s, 1H, H-7), 6.97 (d, J= 8.6 Hz, 2H, H-3, H-5), 7.17-7.27 (m, 7H, H-2, H-6, H-9‒H-13). 13C 
NMR (125 MHz, CDCl3, δ/ppm): 13.7 (C-4′), 13.9 (C-4″), 18.4 (C-3′, C-3″), 36.3 (C-2′), 36.5 (C-2″), 
76.0 (C-7), 121.6 (C-3, C-5), 127.0 (C-9, C-13), 127.9 (C-11), 128.3 (C-2, C-6), 128.5 (C-10, C12), 
137.8 (C-1), 140.1 (C-8), 150.3 (C-4), 172.0 (C-1'), 172.6 (C-1'').  

4-((isobutyryloxy)(phenyl)methyl)phenyl isobutyrate (3d)11: Yellowish oil. Yield: (0.32 g, 86%). IR 
(ṽ/cm-1): 2995 (Csp2-H stretching), 1735 (C=O stretching), 1504, 1461, 1195 (C-O stretching), 1151, 
750. 1H NMR (500 MHz, CDCl3, δ/ppm): 1.20 (d, J= 7.0 Hz, 6H, H-3″, H-4″), 1.30 (d, J= 7.0 Hz, 6H, 
H-3′, H-4′), 2.66 (m, 1H, H-2″), 2.78 (m, 1H, H-2′), 6.86 (s, 1H, H-7), 7.04 (d, J= 8.6 Hz, 2H, H-3, H-
5), 7.27-7.35 (m, 7H, H-2, H-6, H-9‒H-13). 13C NMR (125 MHz, CDCl3, δ/ppm):  18.8 (C-3′, C-4′), 
18.9 (C-3″, C-4″), 34.1 (C-2′), 34.2 (C-2″), 76.0 (C-7), 121.5 (C-3, C-5), 127.0 (C-9, C-13), 127.9 (C-
11), 128.2 (C-2, C-6), 128.5 (C-10, C12), 137.8 (C-1), 140.1 (C-8), 150.4 (C-4), 175.5 (C-1'), 175.9 (C-
1'').  

4-(((cyclohexanecarbonyl)oxy)(phenyl)methyl)phenyl cyclohexane carboxylate (3e): Yellowish oil. 
Yield: (0.42 g, 91%). IR (ṽ/cm-1): 3021 (Csp2-H stretching), 2932 (Csp3-H stretching),  1728 (C=O 
stretching), 1507, 1450, 1209 (C-O stretching), 1160, 746. 1H NMR (500 MHz, CDCl3, δ/ppm): 1.30 
(m, 6H, H-4a', H-6a', H-4a'', H-6a'', H-5a', H-5a''), 1.47 (m, 2H, H-3a'', H-7a''), 1.57 (m, 2H, H-3a', H-
7a'), 1.66 (m, 2H, 5b', H-5b''), 1.75 (m, 2H, H-4b'', H-6b'', 1.81 (m, 2H, H-4b', H-6b'), 1.95 (m, 2H, H-
3b'', H-7b''), 2.04 (m, 2H, H-3b', H-7b'), 2.40 (m, 1H, H-2''), 2.54 (m, 1H, H-2'), 6.86 (s, 1H, H-7), 7.03 
(d, J= 8.6 Hz, 1H, H-3, H-5), 7.27-7.33 (m, 7H, H-2, H-6, H-9‒H-13). 13C NMR (125 MHz, CDCl3, 
δ/ppm): 25.3 (C-4′, C-6′), 25.4 (C-4'', C-6''), 25.7 (C-5′, C-5''), 28.9 (C-3′, C-7′, C-3'', C-7''), 43.2 (C-2′, 
C-2''), 75.7 (C-7), 121.5 (C-3, C-5), 126.9 (C-9, C-13), 127.9 (C-11), 128.2 (C-2, C-6), 128.5 (C-18, 
C12), 137.8 (C-1), 140.2 (C-8), 150.4 (C-4), 174.5 (C-1'), 174.8 (C-1'').  

4-(((furan-2-carbonyl)oxy)(phenyl)methyl)phenyl furan-2-carboxylate (3f): Brown solid. Yield: (0.35 g, 
82%). IR (ṽ/cm-1): 3024 (Csp2-H stretching), 1725 (C=O stretching), 1513, 1473, 1214 (C-O stretching), 
1174, 752. 1H NMR (500 MHz, CDCl3, δ/ppm): 6.53 (dd, J= 3.5, 1.6 Hz, 1H, H-3'), 6.59 (dd, J= 3.6, 
1.6 Hz, 1H, H-4'), 6.61 (dd, J= 3.5, 1.6 Hz, 1H, H-5'), 7.12 (s, 1H, H-7), 7.21 (d, J= 8.5 Hz, 2H, H-3, H-
5), 7.31 (t, J= 8.2 Hz, 1H, H-11), 7.37 (t, J= 8.2 Hz, 2H, H-10, H-12), 7.42 (d, J= 8.2 Hz, 2H, H-9, H-
13), 7.46 (d, J= 8.5 Hz, 2H, H-2, H-6), 7.61 (d, J= 0.7 Hz, 1H, H-3″), 7.67 (d, J= 0.7 Hz, 1H, H-4″), 
7.71 (d, J= 0.7 Hz, 1H, H-5″). 13C NMR (125 MHz, CDCl3, δ/ppm): 76.6 (C-7), 111.9 (C-3'), 112.3 (C-
4'), 112.7 (C-5'), 121.7 (C-3, C-5), 127.2 (C-9, C-13), 128.2 (C-11), 128.5 (C-2, C-6), 128.6 (C-10, C12), 
137.8 (C-1), 139.5 (C-8), 143.9 (C-2'), 144.5 (C-2″), 146.8 (C-3″), 147.3 (C-4″), 148.6 (C-5″), 149.9 (C-
4), 156.8 (C-1'), 157.7 (C-1″).      
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3.2. Biological Assay  

 

3.2.1 In-vitro antiproliferative assay on breast cancer cells  

The cytotoxic activities of the tested compounds against cultured cell lines have been expressed 

as the IC50 values in µM and as well as selective index (SI). The lower value of IC50  indicates stronger 

inhibition of cell proliferation. The IC50  values of the compounds against these human cancer cells are 

summarized in Table 1.  

  

 Table 1. The IC50 value of benzhydrol analogues 3a-3f 
Compounds Anti-proliferative IC50 μM (Mean ± SD) 

Time MCF-7 SI MDA-MB-231 SI MCF-10 

3a 24h 

48h 

72h 

>100 

>100 

77.05±2.55 

- 

- 

1.30 

>100 

>100 

60.01±3.56 

- 

- 

1.66 

>100 

>100 

>100 

3b 24h 

48h 

72h 

18.25±1.85 

9.78±0.30 

5.50±2.88 

1.27 

1.67 

3.16 

41.43±4.59 

15.84±1.01 

1.19±0.78 

0.56 

1.03 

14.65 

23.35±0.26 

16.38±2.19 

17.43±2.23 

3c 24h 

48h 

72h 

>100 

81.99±6.42 

30.47±0.54 

0.23 

0.35 

0.65 

33.62± 0.47 

24.41± 0.24 

21.78± 1.00 

0.67 

1.17 

0.90 

22.86±0.59 

28.46±0.06 

19.68±0.10 

3d 24h 

48h 

72h 

61.78±1.19 

35.17±0.39 

14.55±0.05 

0.42 

0.65 

1.31 

29.68±4.90 

7.47±0.86 

4.99±0.52 

0.88 

3.07 

3.83 

26.18±0.60 

22.98±0.38 

19.12±0.21 

3e 24h 

48h 

72h 

21.40±1.99 

7.07±0.28 

6.03±0.41 

5.83 

13.49 

17.68 

49.41±3.25 

37.72±2.46 

9.19± 0.23 

2.53 

2.52 

11.6 

124.77±2.73 

95.34±4.93 

106.67±8.20 

3f 24h 

48h 

72h 

22.57±0.86 

17.46±0.95 

5.63±0.35 

1.24 

0.90 

2.67 

11.91±0.34 

12.55±0.77 

7.09±0.48 

2.36 

1.26 

2.12 

28.13±1.36 

15.87±0.16 

15.03±1.59 

Tamoxifen 

(control) 

24h 

48h 

72h 

17.22±0.37 

15.35±1.42 

15.78±0.10 

0.19 

0.21 

0.26 

13.62±0.95 

15.86±0.73 

14.53±0.08 

0.24 

0.21 

0.28 

3.24±0.01 

3.33±9.02 

4.07±0.09 
*Results are expressed as mean ± SD (n=3) of at least three independent experiments. 

All the tested compounds exhibited cytotoxicity activities with IC50 values in the range of 1.19 

to 100 µM. Compounds 3b and 3e showed IC50 values in the range of 5-9 µM, respectively for 48 and 

72 hrs against MCF-7, which were found to possess higher cytotoxicity than the positive control 

(tamoxifen). Meanwhile, 3b at 48 and 72 hr respectively displayed IC50 values of  15.84±1.01 and 

1.19±0.78 µM against non-hormonal breast cancer (MDA-MB-231) and compound 3e, displayed 

moderate cytotoxicity activity when compared with tamoxifen as shown in Table 1. The presence of the 

benzene ring in 3b and the presence of cyclohexane ring in 3e attached to the benzhyrol core skeleton 

might responsible for the anticancer activity of both compounds.  

The presence of the furan ring which acts as an electron donor attached to the benzhydrol core 

skeleton in compound 3f revealed its potent cytotoxicity at 72 hr with IC50 values of 5.63±0.35 µM and 

7.09±0.48 µM against MCF-7 and MDA-MB-231, respectively when compared with tamoxifen. 

Furthermore, 3a and 3c showed moderate cytotoxicity in both cell lines when compared with positive 

control at different time intervals. Meanwhile, 3d displayed a good selectivity towards MDA-MB-231 

with IC50 values of 7.47±0.86 µM and 4.99±0.53 µM for 48 and 72 hr, respectively when compared 

with other derivatives and tamoxifen. 

Tamoxifen also was found to be cytotoxic to normal breast cell lines with IC50 values of 15.35 

± 1.42 µM after 24 hr of subjection. This finding showed similar reported work by Bakar et al. (2023) 

whereby tamoxifen was found to be toxic towards cancerous and non-cancerous cells at µM 

concentration which might be due to the presence of estrogen receptors.17 Additionally, tamoxifen 

showed impressive cytotoxic activity towards MDA-MB231 with IC50  values of 15.86 ± 0.73 µM after 

24 hr.  
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This trend suggested that the cytotoxicity of tamoxifen probably involves more than one 

pathway, which included one pathway of the estrogen receptor-independent and another pathway of the 

estrogen receptor-dependent. However, MCF-7 is a breast cancer cell line associated with hormone 

receptors such as estrogen and progesterone.18 The hormonal breast cancer type is most likely found in 

non-metastatic cancer, which is relatively able to be stopped using common anti-breast cancer drugs 

such as tamoxifen.19 In contrast, the non-hormonal cancer type such as MDA-MB-231 was not too 

sensitive against tamoxifen due to its metastatic character.18 Therefore, most active compounds have 

selectively inhibited the non-metastatic cancer cell rather than the metastatic cancer cell.  However, the 

results showed that the most active compounds, 3b and  3e, were slightly better than tamoxifen in 

inhibiting the non-metastatic cancer cell that could be a potential agent for breast anticancer and 3d 

could be a potential target compound against negative breast cancer.  

The SI value was obtained by dividing the IC50 value for normal cell lines by the IC50 for 

cancerous cell lines. All compounds with SI values less than 2 were considered to have general toxicity, 

suggesting that they can cause cytotoxicity in normal cells as well.20 Based on this, the SI  data shown 

in Table 1 indicates that compound  3b, 3d, 3e and 3f showed a high degree of cytotoxic selectivity 

against MCF-7 and MDA-MB-231, which exhibited an increased cytotoxic selectivity than the positive 

control at different time interval (24-72 hr). On the other hand, compounds 3a and 3c exhibited a lower 

degree of cytotoxic selectivity against MCF-7 and MDA-MB-231, showing an increased cytotoxicity 

toward the healthy cell. 

 

3.3. ADMET and Toxicity Profiles Prediction 

To enhance the efficiency of experimental efforts and improve the success rate in identifying 

potential drug candidates, we initially utilized SwissADME to predict the pharmacokinetics of novel 

ACA analogs. This tool provides fundamental information on the molecular properties and 

pharmacokinetic activity that resemble drug-like characteristics. Lipinski’s rule of five, a widely 

accepted guideline for preliminary drug-likeness screening, outlines the parameters for oral absorption 

or permeation of a drug. According to this rule, a potential drug candidate should have a molecular 

weight (MW) less than 500 g/mol, lipophilicity (Log P) less than 4.15, fewer than 5 H-bond donors, and 

fewer than 10 H-bond acceptors. Additionally, the total polar surface area (TPSA) should be less than 

140 Å2, and the number of rotatable bonds should be less than 10.21 Based on the data presented in Table 

2, only 3d and 3f, adhere to all Lipinski’s rule of five, while 3b and 3e with one violation of Log P 

greater than 4.15, making them suitable candidate drugs against IκBa 

The TPSA of the newly synthesized ACA analogs, which ranges from 52.60 to 78.88 Å2, plays 

a significant role in their high gastrointestinal (GI) absorption prediction. This aligns with the findings 

of Simon et al., demonstrated that ACA is well absorbed through the gastrointestinal tract, a fact that 

was confirmed using an in vitro assay. Futhermore, the newly synthesized compounds (3b and 3d) have 

the ability to penetrate the blood-brain barrier, similar to their parent compound, ACA.22 The CYP 

isoenzymes play a crucial role in the biotransformation of drugs. The metabolic process of drugs through 

CYP isoenzymes can result in drug toxicities and a reduced pharmacological impact.23 It was predicted 

that 3d and 3f would not act as substrates for P-gp. Both of these compounds were forecasted to inhibit 

CYP1A2 and CYP2C19. On the other hand, 3b was anticipated to inhibit CYP2C19 and CYP2C9, while 

3e was expected to act as an inhibitor for CYP2C9, CYP2D6, and CYP3A4. It is predicted that 3e will 

inhibit extensive metabolism by CYP3A4, leading to favorable pharmacokinetics, similar to the action 

of ritonavir.24 These predictions suggest that the biotransformation of the compounds will occur through 

the CYP isoenzymes.  

The potential toxic effects of the newly developed ACA analogues (3b, 3d, 3e, and 3f) were 

estimated using a freely accessible computational tool (https://tox-new.charite.de/protox_II/). The 

software provided predictions on the organ toxicity of these compounds, suggesting their potential to 

cause liver failure (hepatotoxicity), promote tumor growth (carcinogenicity), trigger unusual genetic 

changes (mutagenicity), inflict unwanted cellular damage (cytotoxicity), induce harmful effects on the 

immune system due to foreign substances (immunotoxicity) and the involvement in toxicology pathway 

via stress response pathway (phosphoprotein tumor suppressor (p53)).14 
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The compounds did not reveal the capability to induce organ toxicity except compounds 3b and 

3e which revealed the capability to induce hepatoxicity which could be attributed to the addition of 

phenyl and cyclohexyl in R1 position. Drugs that exhibit a high degree of lipophilicity, characterized by 

a Log P value greater than 5, tend to be metabolized rapidly. They also typically demonstrate poor 

solubility and are not easily absorbed. The elevated lipophilicity contributes to both toxicity and 

metabolic clearance.25 Moreover, both 3b and 3e show that they can be transported across both 

extracellular and intracellular membranes of the intestinal lumen and capillary endothelial cells, leading 

to their clearance. 

Table 2. ADMET parameters of 3b, 3d, 3e, and 3f compounds   

Compound 

ADMET 3b 3d 3e 3f 

Physichochemical properties 

Formula 

Molecular weight 

Num. heavy atoms 

Num. arom. heavy 

 atom 

Num. rotatable bonds 

Num. H-bond 

 acceptors 

Num. H-bond donors 

Molar Refractivity 

TPSA 

C27H20O4 

408.45 g/mol 

31 

24 

 

8 

4 

 

0 

118.10 

52.60 Å2  

C19H20O4 

312.36 g/mol 

23 

12 

 

7 

4 

 

0 

87.91 

52.60 Å2 

C27H32O4 

420.54 g/mol 

31 

12 

 

8 

4 

 

0 

122.14 

52.60 Å2 

C23H16O6 

388.37 g/mol 

29 

22 

 

8 

6 

 

0 

102.63 

78.88 Å2 

ADME 

Water solubility 

GI absorption 

BBB permeant 

P-gp substrate 

CYP1A2 inhibitor 

CYP2C19 inhibitor 

CYP2C9 inhibitor 

CYP2D6 inhibitor 

CYP3A4 inhibitor 

Log Kp  

(skin permeation) 

Lipinski 

 

Ghose 

 

Veber 

 

Egan 

 

Muegge 

 

Poorly soluble 

High 

Yes 

Yes 

No 

Yes 

Yes 

No 

No 

-4.27 cm/s 

 

Yes; 1 violation: 

MLOGP>4.15 

Yes 

 

Yes 

 

Yes 

 

No; 1 violation: 

XLOGP3>5 

Moderately soluble 

High 

Yes 

No 

Yes 

Yes 

No 

No 

No 

-5.29 cm/s 

 

Yes; 0 violation 

 

Yes 

 

Yes 

 

Yes 

 

Yes 

Poorly soluble 

High 

No 

Yes 

No 

No 

Yes 

Yes 

Yes 

-3.74 cm/s 

 

Yes; 1 violation: 

MLOGP>4.15 

No; 1 violation: 

WLOGP>5.6 

Yes 

 

No; 1 violation: 

WLOGP>5.88 

No; 1 violation: 

XLOGP3>5 

 

Moderately soluble 

High 

No 

No 

Yes 

Yes 

Yes 

No 

No 

-5.00 cm/s 

 

Yes; 0 violation 

 

Yes 

 

Yes 

 

Yes 

 

No; 1 violation: 

XLOGP3>5 

Prediction of toxicity 

Carcinogenicity 

Immunotoxicity 

Mutagenicity 

Cytotoxicity 

Phosphoprotein 

(Tumor Suppressor) 

p53 

Hepatoxicity 

Inactive (73%) 

Inactive (99%) 

Inactive (92%) 

Inactive (90%) 

Inactive (97%) 

 

 

Active (52%) 

Inactive (72%) 

Inactive (96%) 

Inactive (89%) 

Inactive (80%) 

Inactive (82%) 

 

 

Inactive (50%) 

Inactive (67%) 

Inactive (99%) 

Inactive (88%) 

Inactive (86%) 

Inactive (95%) 

 

 

Active (56%) 

Active (55%) 

Inactive (99%) 

Inactive (82%) 

Inactive (82%) 

Inactive (91%) 

 

 

Inactive (62%) 
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3.4. Molecular Docking Studies  

Aun et al. demonstrated that 1′S-1′-acetoxyeugenol acetate (AEA), derived from the rhizomes 

of A. conchigera, can enhance apoptosis in MCF-7 cells. This is evidenced by the downregulation of 

several gene targets, including IκBα, that are regulated by NF-κB.8 Jacobs and Harrison (1998) 

demonstrated that residued of N-terminal of IκBα important for the interaction with p65 of NF-κB.26 To 

further investigate the interaction of the newly synthesized compound, molecular docking analysis was 

performed using the identified area as the surface pocket. As depicted in Table 3, the binding energies 

corresponding to various compounds in relation to the IκBα protein are presented. The binding energy 

serves as an indicator of the intensity of interaction between the compound and the protein. An inverse 

relationship is observed, where a lower binding energy signifies a stronger interaction between the 

compound and the protein.27 

In the study, compound 3a demonstrated a binding energy of -5.13 kcal/mol, with a standard 

deviation of ± 0.115. Compound 3b exhibited a stronger interaction, reflected by a lower binding energy 

of -7.27 kcal/mol (± 0.058). The binding energy for compound 3c was found to be -5.23 kcal/mol (± 

0.252), whereas compound 3d displayed a marginally stronger interaction with a binding energy of -

5.57 kcal/mol (± 0.153). Interestingly, compound 3e mirrored the binding energy of compound 3b, both 

registering the strongest binding energy of -7.03 kcal/mol (± 0.058). Compound 3f showed a binding 

energy of -6.47 kcal/mol (± 0.306). For comparison, tamoxifen, employed as a control in this 

experiment, recorded a binding energy of -5.27 kcal/mol (± 0.058). These findings provide valuable 

insights into the binding affinities of these compounds with the target protein, IκBα. 

 

Table 3. Compound binding energy result of docking against IκBα 

Protein Compound Binding Energy (kcal/mol) 

 

 

 

IκBα 

(PDB ID: 1NFI) 

  

3a -5.13  0.115 

3b -7.27   0.058 

3c -5.23  0.252 

3d -5.57  0.153 

3e -7.03  0.058 

3f -6.47   0.306 

Tamoxifen (control) -5.27  0.058 

 

Both compounds 3b and 3e interact with the protein IκBα at similar residues (Figure 3a). These include 

PHE77, VAL93, VAL97, and PHE103 (Table 4 and Figure 3). However, the nature of these interactions 

differs between the two compounds. For compound 3b, the phenyl group forms a π-alkyl interaction 

with PHE77, VAL93, VAL97, a π-π T-shaped interaction with PHE103, a carbon H-bond between  =O 

of 3b and PHE77, as well as π-sigma and π-π stacked interactions with PHE77. The binding energy of 

compound 3b with IκBα is -7.27 ± 0.058 kcal/mol, indicating a relatively strong interaction. On the 

other hand, compound 3e forms a alkyl interaction with VAL3 and VAL97, and a H-bond between =O 

of 3e and THR71 and PHE77. It also forms a π-alkyl interaction with PHE77 and PHE103. The binding 

energy of compound 3e with IκBα is -7.03 ± 0.058 kcal/mol, which is slightly less than that of compound 

3e, indicating a slightly weaker interaction than 3b.  

Compound 3d interacts with the protein residues THR71, VAL93, VAL97, and PHE103 using 

=O, phenyl, and methyl as interaction units, and exhibits carbon H-bond, alkyl, π-alkyl and π-sigma 

types of interactions. On the other hand, compound 3f interacts with the protein residues THR71, using 

CH for forming a carbon H-bond interaction.  LEU70, PHE77, VAL93, and VAL97 using =O, and 

phenyl as interaction units, and exhibits H-bond, alkyl, π-alkyl, π-π stacked and π-sigma types of 

interactions. For tamoxifen, the protein residues involved are VAL93, GLN96, VAL97, and PHE103. 

The interaction units of the compound mostly phenyl and methyl. The types of interactions include 

carbon H-bond, π-alkyl and π-π T-shaped (Table 4).  
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Although tamoxifen exhibits a weaker binding energy (-5.27), however, one of it phenyl unit 

interacts with GLN96 of IκBα that important in the binding between IκBα and p65 of NF-κB protein.26 

In this study, the newly generated compounds demonstrate ability to interact with IκBα residues and 

may affect the regulation of NF-κB protein in cancer cells. Other than NF-κB protein, IκBα also can 

establish interaction with Aurora kinases A (AURKA) and blocking of the complex by small molecule 

inhibitor known as AKCI exerted antitumor in MDA-MB-231breast cancer cells.28 Futhermore, Carra 

and co-worker reported a compound that targets IκBα increased the sensitivity of lung cancer cells to 

cisplatin, resulting in cell death induced by reactive oxygen species (ROS).29 

 

Table 4. Binding of compound 3b, 3d, 3e, 3f and tamoxifen with IκBα 

Protein Compound Protein 

residue 

Interaction unit of 

compounds 

Type of 

interaction 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IκBα 

(PDB ID: 1NFI) 

3b PHE77 Phenyl π-alkyl 

π-sigma 

π-π stacked 

=O Carbon H-bond 

VAL93 Phenyl π-alkyl 

VAL97 Phenyl π-alkyl 

PHE103 Phenyl π-π T-shaped 

3d THR71 =O  Carbon H-bond 

VAL93 Phenyl alkyl 

VAL97 Methyl π-alkyl 

PHE103 Methyl π-sigma 

3e THR71 =O H-bond 

PHE77 =O H-bond 

Phenyl π-alkyl 

VAL93 Phenyl alkyl 

VAL97 Phenyl alkyl 

PHE103 Phenyl π-alkyl 

3f THR71 CH Carbon H-bond 

LEU70 Phenyl π-alkyl 

PHE77 O H-bond 

Phenyl π-alkyl 

Phenyl π-π stacked 

Phenyl π-π stacked 

VAL93 Phenyl π-alkyl 

VAL97 Phenyl π-sigma 

Tamoxifen VAL93 Phenyl Carbon H-bond 

GLN96 Phenyl π-alkyl 

VAL97 Phenyl π-alkyl 

Methyl π-alkyl 

PHE103 Phenyl π-π T-shaped 
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Compound 3b - IκBα complex 

(a) 

 

(b) 

 

(c) 

 

Compound 3d - IκBα complex 

(a) 

 

(b) 

 

 

 

(c) 

 

Compound 3e - IκBα complex 

(a) 

 

(b) 

 

  

(c) 

 

 

Compound 3f - IκBα complex 

(a) 

 

(b) 

 

(c) 

 

 

 

 

Figure 3. 3D molecular structure of protein-ligand binding of compound 3b, 3d, 3e, 3f and tamoxifen (control) against 

protein IκBα. (a) IκBα – Compond Complex (b) Pocket Surface (c) 3D Structure Interaction (continued..) 
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Tamoxifen (control) - IκBα complex 

(a) 

 

(b) 

  

(c) 

 

Figure 3. 3D molecular structure of protein-ligand binding of compound 3b, 3d, 3e, 3f and tamoxifen 

(control) against protein IκBα. (a) IκBα – Compond Complex (b) Pocket Surface (c) 3D 

Structure Interaction. 

 

4. Conclusion 

In conclusion, we manage to developed the stable and more potent antiproliferative compounds 
(i.e 3b, 3e, and 3f) by the structural modification of 1´-acetoxychavicol acetate (ACA) and                              
1´-acetoxyeugenol acetate (AEA). These compounds exhibited varying levels of cytotoxic selectivity 
against the MCF-7 and MDA-MB-231 human breast cancer cell lines. Our findings suggest compounds 
3b, 3d, 3e, and 3f are promising candidates for selective antiproliferative activity, while 3a and 3c may 
pose higher risks of toxicity to non-cancerous cells. Molecular docking studies further supported these 
findings, demonstrating that these compounds have strong binding affinities with the Nuclear Factor-
KappaB Kinase alpha (IkBα) protein, with binding energies between -5.13 to -7.27 kcal/mol, compared 
to -5.27 kcal/mol for tamoxifen (control). Future research should focus on detailed mechanistic studies 
and in vivo evaluations to further explore their therapeutic potential. 
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