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Abstract 

 

Background and purpose: Tyrosinase enzyme has a key role in melanin biosynthesis by converting tyrosine 

into dopaquinone. It also participates in the enzymatic browning of vegetables by polyphenol oxidation. 

Therefore, tyrosinase inhibitors are useful in the fields of medicine, cosmetics, and agriculture. Many 

tyrosinase inhibitors having drawbacks have been reported to date; so, finding new inhibitors is a great need. 

Experimental approach: A variety of 6-hydroxy-3,4-dihydronaphthalenone chalcone-like analogs (C1-C10) 

have been synthesized by aldol condensation of 6-hydroxy tetralone and differently substituted benzaldehydes. 

The compounds were evaluated for their inhibitory effect on mushroom tyrosinase by a spectrophotometric 

method. Moreover, the inhibition manner of the most active compound was determined by Lineweaver-Burk 

plots. Docking study was done using AutoDock 4.2. The drug-likeness scores and ADME features of the active 

derivatives were also predicted. 

Results/Findings: Most of the compounds showed remarkable inhibitory activity against the tyrosinase 

enzyme. 6-Hydroxy-2-(3,4,5-trimethoxybenzylidene)-3,4-dihydronaphthalen-1(2H)-one (C2) was the most 

potent derivative amongst the series with an IC50 value of 8.8 μM which was slightly more favorable to that of 

the reference kojic acid (IC50 = 9.7 μM). Inhibitory kinetic studies revealed that C2 behaves as a competitive 

inhibitor. According to the docking results, compound C2 formed the most stable enzyme-inhibitor complex, 

mainly via establishing interactions with the two copper ions in the active site. In silico drug-likeness and 

pharmacokinetics predictions for the proposed tyrosinase inhibitors revealed that most of the compounds 

including C2 have proper drug-likeness scores and pharmacokinetic properties. 

Conclusion and implications: Therefore, C2 could be suggested as a promising tyrosinase inhibitor that might 

be a good lead compound in medicine, cosmetics, and the food industry, and further drug development of this 

compound might be of great interest. 

 

Keywords: Anti-tyrosinase activity; Chalcones; Drug-likeness; Kinetic studies; Molecular docking; 

Tyrosinase inhibitor. 

 

INTRODUCTION 
 

Tyrosinase (EC 1.14.18.1) is a dicopper-

containing monooxygenase enzyme that is 

commonly distributed in bacteria, fungi, plants, 

and animals (1). It is the main regulatory 

enzyme responsible for the melanin 

biosynthesis catalyzing L-tyrosine oxidation 

(monophenolase activity) and L-DOPA 

oxidation to ortho-dopaquinone (diphenolase 

activity) (2,3). Tyrosinase enzyme has a 

significant role in medicinal, cosmetic, and 

agricultural fields (4). Tyrosinase inhibitors are 
applied as a remedy for skin disorders, such as 

hyperpigmentation diseases, age spots, melisma, 

and seborrheic (5,6), whereas tyrosinase 

activators protect the skin from UV damage due 

to an increase in melanogenesis (4,7).  
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Moreover, tyrosinase inhibition is suggested 

as a possible treatment for Parkinson's                      

and Huntington's neurodegenerative diseases 

(8-10). Tyrosinase inhibitors also prevent 

vegetables and fruit browning that occurs as a 

result of enzymatic polyphenols oxidation 

(11,12).  

A large number of structurally diverse 

naturally occurring and synthetic tyrosinase 

inhibitors have been reported (13-17), and some 

of them such as arbutin, hydroquinone, azelaic 

acid, L-ascorbic acid, ellagic acid, tranexamic 

acid, and kojic acid have been applied as skin-

whitening agents with certain disadvantages. 

The use of reported tyrosinase inhibitors is 

limited due to their toxicity, chemical 

instability, allergic reactions, low lipophilicity, 

and lack of safety (18,19). Therefore, finding 

new tyrosinase inhibitors with ideal drug-

likeness character and less toxicity is still a 

great necessity. 

Chalcones (1,3-diaryl-2-propen-1-ones), 

which are abundantly found in plants, possess 

various pharmacological effects, such as 

antibacterial, antimalarial, antitubercular, 

antifungal, anticancer, antidiabetic, and                  

anti-inflammatory activities (20-23). It was 

reported that hydroxyl- and alkoxy-substituted 

chalcones are potent tyrosinase inhibitors                

(24-26). Therefore, the target benzylidene-6-

hydroxy-3,4-dihydronaphthalenone derivatives 

bearing different substitutions were designed 

based on the structure of chalcones using the 

ring introduction strategy. Previously, we 

proved the anti-tyrosinase potential of some 6-

methoxy-3,4-dihydronaphthalenone chalcone-

like derivatives (27). Hence, as part of our 

ongoing investigation to find new and              

effective tyrosinase inhibitors and also to 

examine the structure-activity relationships 

(SAR), ten chalconoids having benzylidene-6-

hydroxy-3,4-dihydronaphthalenone structure 

were synthesized and screened for their 

inhibitory activity on the tyrosinase enzyme. 

 

MATERIALS AND METHODS 

 

Instrumentations 

Infrared (IR) spectra were acquired using a 

Perkin-Elmer spectrometer (Perkin-Elmer, 

Waltham, MA, USA). Melting points were 

obtained using a hot stage apparatus 

(Electrothermal, Essex, UK) and were 

uncorrected. Mass spectra were recorded                      

on an Agilent spectrometer (Agilent 

technologies 9575c inert MSD, USA).                        

Nuclear magnetic resonance spectra                   

(1HNMR and 13CNMR) were achieved                         

on a Burker-Avance DPX-300 MHz in               

DMSO-d6.  

 

Chemicals 

All chemicals and solvents used in this 

experiment were of analytical grade. Chemical 

reagents used in synthesis and biological 

sections, and mushroom tyrosinase 

(EC1.14.18.1) were purchased from Sigma 

Aldrich (St. Louis, MO, USA). 

 

Synthesis of (E)-2-benzylidene-6-hydroxy-

3,4-dihydronaphthalenone derivatives 

A solution of 6-hydroxy tetralone                        

(1.00 mmol), p-toluenesulfonic acid (PTSA) 

(0.25 mmol), and corresponding aldehyde      

(1.00 mmol) were stirred in refluxing                    

ethanol (10 mL) for 24 h. Reaction                     

progress was monitored by thin-layer 

chromatography (TLC) using petroleum 

ether/ethyl acetate (70:30) as the mobile               

phase. Then, the reaction mixture was cooled 

and ethanol was reduced by vacuum 

evaporation. The resulting precipitate                       

was filtered, recrystallized in ethanol,                        

and washed with diethyl ether, petroleum             

ether, and cool ethanol. 

 

(E)-6-hydroxy-2-(4-methoxybenzylidene)-3,4-

dihydronaphthalen-1(2H)-one (C1) 

Yellow crystalline solid; yield: 80%;                     

MP: 184-188 °C; 1HNMR (DMSO-d6,                        

300 MHz) δH (ppm): 2.80-2.84 (m, 2H, 

dihydronaphthalenone-CH2), 3.01-3.03 (m, 2H, 

dihydronaphthalenone-CH2), 3.71 (s, 3H, 

OCH3), 6.68 (s, 1H, H-5), 6.77 (d, J = 8.4 Hz, 

1H, H-7), 7.01 (d, J = 8.4 Hz, 2H, H-3´,5´), 7.48 

(d, J = 8.4 Hz, 2H, H-2´,6´), 7.61 (s, 1H, -

C=CH-Ph), 7.84 (d, J = 8.4 Hz, 1H, H-8),                             

10.44 (s, 1H, OH). MS (EI), m/z (%): 279           

([M+-1], 100), 265 (20), 249 (18.6).                                  

IR (KBr) vmax (cm-1): OH, 3164;                                     

CH-aromatic, 2989.65; CH-aliphatic, 2838.38; 

C=O, 1604.  

https://www.google.com/search?sxsrf=ACYBGNQO-XG4TLUfGr8ZnQ4dx22a3mNhcA:1580030946892&q=Benzylidene&spell=1&sa=X&ved=2ahUKEwj5j8v6-aDnAhUMCewKHdr_CuoQBSgAegQICxAk
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(E) - 6- hydroxy - 2- (3,4,5- trimethoxy-
benzylidene)-3,4-dihydronaphthalen-1(2H)-

one (C2)  

Light brown crystalline solid; yield: 52%; 

MP: 192-195 °C; 1HNMR (DMSO-d6, 300 

MHz) δH (ppm): 2.80-2.86 (m, 2H, 

dihydronaphthalenone-CH2), 3.06-3.10 (m, 2H, 

dihydronaphthalenone-CH2), 3.70 (s, 3H, 

OCH3), 3.81 (s, 6H, OCH3), 6.68 (s, 1H, H-5), 

6.76-6.81 (m, 3H, H-7, 2´,6´), 7.60 (s, 1H, -

C=CH-Ph), 7.88 (d, J = 8.4 Hz, 1H, H-8), 10.46 

(s, 1H, OH). MS (EI), m/z (%): 340 (M+, 100), 

309 (83). IR (KBr) vmax (cm-1): OH, 3272; CH-

aromatic, 2982; CH-aliphatic, 2912; C=O, 

1648.  

 

(E)-6-hydroxy-2-(2-methoxybenzylidene)-3,4-

dihydronaphthalen-1(2H)-one (C3) 

Peach crystalline solid; yield: 81%; MP: 

169-172 °C; 1HNMR (DMSO-d6, 300 MHz) δH 
(ppm): 2.79-2.83 (m, 2H, dihydronaphthalenone-

CH2), 2.90-2.93 (m, 2H, dihydronaphthalenone-

CH2), 3.82 (s, 3H, OCH3), 6.67 (s, 1H, H-5), 

6.79 (d, J = 8.7 Hz, 1H, H-7), 7.00 (t, J = 7.5 

Hz, 1H, H-5´), 7.08 (d, J = 8.1 Hz, 1H, H-3´), 

7.32-7.40 (m, 2H, H-4´, 6´), 7.72 (s, 1H, -

C=CH-Ph), 8.86 (d, J = 8.7 Hz, 1H, H-8), 10.46 

(s, 1H, OH). MS (EI), m/z (%): 280 (M+, 9), 249 

(100). IR (KBr) vmax (cm-1): OH, 3271; CH-

aromatic, 2943; CH-aliphatic, 2841; C=O, 

1606. 

 

(E)-2-(3-ethoxy-4-hydroxybenzylidene)-6-

hydroxy-3,4-dihydronaphthalen-1(2H)-one 

(C4) 

Brown crystalline solid; yield: 84%; MP: 

255-259 °C; 1HNMR (DMSO-d6, 300 MHz) δH 

(ppm): 1.34 (t, J = 6.9 Hz, 3H, OCH2CH3), 

2.80-2.84 (m, 2H, dihydronaphthalenone-CH2), 

3.03-3.07 (m, 2H, dihydronaphthalenone-CH2), 

4.02-4.09 (q, J = 6.9 Hz, 2H, OCH2CH3), 6.67 

(s, 1H, H-5), 6.77 (d, J = 8.7 Hz, 1H, H-7), 6.87 

(d, J = 8.4 Hz, 1H, H-5´), 6.99 (d, J = 8.4 Hz, 

1H, H-6´), 7.06 (s, 1H, H-2´), 7.58 (s, 1H, -

C=CH-Ph), 8.83 (d, J = 8.7 Hz, 1H, H-8), 9.75 

(s, 1H, OH), 10.46 (s, 1H, OH). MS (EI),                  

m/z (%): 310 (M+, 100), 293 (24), 281 (51),      

265 (30). IR (KBr) vmax (cm-1): OH, 3227;                 

CH-aromatic, 2950; CH-aliphatic, 2849;                

C=O, 1639. 

 

(E)-6-hydroxy-2-(4-hydroxybenzylidene)-3,4-

dihydronaphthalen-1(2H)-one (C5) 

Light brown crystalline solid; yield: 45%; P: 

257-261 °C; 1HNMR (DMSO-d6, 300 MHz) δH 
(ppm): 2.82-2.84 (m, 2H, dihydronaphthalenone-

CH2), 3.00-3.02 (m, 2H, dihydronaphthalenone-

CH2), 6.67 (s, 1H, H-5), 6.77 (d, J = 8.4 Hz, 1H, 

H-7), 7.38 (d, J = 8.4 Hz, 2H, H-3´,5´), 7.38 (d, 

J = 8.4 Hz, 2H, H-2´,6´), 7.57 (s, 1H, -C=CH-

Ph), 7.83 (d, J = 8.4 Hz, 1H, H-8), 9.92 (s, 1H, 

OH), 10.41 (s, 1H, OH). MS (EI), m/z (%): 265 

([M+-1], 100), 249 (20.4), 107 (23). IR (KBr) 

vmax (cm-1): OH, 3299; CH-aromatic, 2947; CH-

aliphatic, 2845; C=O, 1603. 

 
(E)-2-(3,4-dimethoxybenzylidene)-6-hydroxy-

3,4-dihydronaphthalen-1(2H)-one (C6) 

Brown crystalline solid; yield: 71%; MP: 
201-204 °C; 1HNMR (DMSO-d6, 300 MHz)                   

δH (ppm): 2.81-2.85 (m, 2H, 

dihydronaphthalenone-CH2), 3.04-3.08 (m, 2H, 

dihydronaphthalenone-CH2), 3.79 (s, 6H, 

OCH3), 6.68 (s, 1H, H-5), 6.78 (d, J = 8.4 Hz, 

1H, H-7), 7.02 (d, J = 8.7 Hz, 1H, H-5´), 7.08-

7.10 (m, 2H, H-2´, 6´), 7.61 (s, 1H, -C=CH-Ph), 

8.84 (d, J = 8.4 Hz, 1H, H-8), 10.42 (s, 1H, 

OH). MS (EI), m/z (%): 310 (M+, 100), 295 

(52), 279 (48). IR (KBr) vmax (cm-1): OH, 3262; 

CH-aromatic, 2909; CH-aliphatic, 2838;              

C=O, 1648. 

 
(E)-2-(4-chlorobenzylidene)-6-hydroxy-3,4-

dihydronaphthalen-1(2H)-one (C7) 

Purified by TLC, using petroleum 

ether:ethyl acetate (70:30) as the mobile phase. 

White crystalline solid; yield: 34%; MP: 201-

205 °C; 1HNMR (DMSO-d6, 500 MHz) δH 
(ppm): 2.82-2.84 (m, 2H, dihydronaphthalenone-

CH2), 3.00-3.04 (m, 2H, dihydronaphthalenone-

CH2), 6.68 (s, 1H, H-5), 6.79 (d, 1H, J = 8.5 Hz, 

H-7), 7.48-7.52 (m, 4H, H-2´, 3´,5´, 6´), 7.60 (s, 

1H, C=CH-Ph), 7.86 (d, J = 8.5 Hz, 1H, H-8), 

10.54 (s, 1H, OH). 13CNMR (DMSO-d6, 125 

MHz) δC (ppm): 27.30, 28.76, 114.56, 115.42, 

128.35, 129.15, 130.93, 131.78, 132.12, 

133.67, 133.70, 134.96, 137.15, 146.64, 162.99 

(C6), 185.65 (C=O). MS (EI), m/z (%): 

284([M+], 83), 283 (100), 249 (43). IR (KBr) 

vmax (cm-1): OH, 3272; CH-aromatic, 2987; CH-

aliphatic, 2912; C=O, 1648. 
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(E)-2-(3-chlorobenzylidene)-6-hydroxy-3,4-

dihydronaphthalen-1(2H)-one (C8) 

Purified by TLC, using petroleum 

ether:ethyl acetate (70:30) as the mobile phase. 

White crystalline solid; yield: 37%; MP: 199-
202 °C; 1HNMR (DMSO-d6, 300 MHz) δH (ppm): 

2.82-2.84 (m, 2H, dihydronaphthalenone-CH2), 

3.00-3.04 (m, 2H, dihydronaphthalenone-CH2), 

6.68 (s, 1H, H-5), 6.79 (d, 1H, J = 8.5 Hz, H-7), 

7.45-7.59 (m, 5H, H-2´, 3´,5´, 6´and -C=CH-

Ph), 7.86 (d, J = 8.5 Hz, 1H, H-8), 10.47 (s, 1H, 

OH). 13CNMR (DMSO-d6, 75 MHz) δC (ppm): 

27.17, 28.60, 114.42, 115.30, 125.40, 128.67, 

128.75, 129.66, 130.78, 133.29, 133.71, 

137.68, 138.16, 146.58, 162.88 (C6), 185.46 

(C=O). MS (EI), m/z (%): 284 ([M+], 63), 283 

(100), 249 (20), 162 (100). IR (KBr) vmax (cm-

1): OH, 3272; CH-aromatic, 2987; CH-

aliphatic, 2912; C=O, 1648. 

 

(E)-6-hydroxy-2-(4-hydroxy-3,5-dimethoxy-
benzylidene)-3,4-dihydronaphthalen-1(2H)-

one (C9) 

Orange crystalline solid; yield: 49%; MP: 
210-213 °C; 1HNMR (DMSO-d6, 300 MHz) δH 

(ppm): 2.82-2.86 (m, 2H, dihydronaphthalenone-

CH2), 3.08-3.12 (m, 2H, dihydronaphthalenone-

CH2), 3.80 (s, 6H, OCH3), 6.86 (s, 1H, H-5), 

6.77,6.79 (dd, J = 8.4/2.4 Hz, 1H, H-7), 6.81 (s, 

2H, H-2´, 6´), 7.60 (s, 1H, -C=CH-Ph), 7.83 (d, 

J = 8.7 Hz, 1H, H-8), 9.78 (s, 1H, OH), 10.41 

(s, 1H, OH). MS (EI), m/z (%): 326 (M+, 100), 

295 (85). IR (KBr) vmax (cm-1): OH, 3271 cm-1; 

CH-aromatic, 2943; CH-aliphatic, 2841; C=O, 

1650. 

 

(E)- 2- (4- (dimethylamino) benzylidene) -6-

hydroxy-3,4-dihydronaphthalen-1(2H)-one 

(C10) 

Yellow crystalline solid; yield: 78%;                     

MP: 211-214 °C; 1HNMR (DMSO-d6, 300 MHz) 

δH (ppm): 2.80-2.84 (m, 2H, 

dihydronaphthalenone-CH2), 3.00-3.03 (m, 2H, 

dihydronaphthalenone-CH2), 3.11 (s, 6H, 

N(CH3)2), 6.69 (s, 1H, H-5), 6.78 (d, J = 8.4 Hz, 

1H, H-7), 7.14 (d, J = 8.1 Hz, 2H, H-2´,6´), 

7.51-7.56 (m, 3H, H-3´,5´, -C=CH-Ph, ), 7.85 

(d, J = 8.4 Hz, 1H, H-8), 9.66 (s, 1H, OH). MS 

(EI), m/z (%): 293 (M+, 100), 264 (15), 249 

(14), 172 (26). IR (KBr) vmax (cm-1): OH, 3227; 

CH-aromatic, 2930; CH-aliphatic, 2899;               

C=O, 1639. 

Tyrosinase inhibition assay 

Mushroom tyrosinase inhibitory activity was 

assessed as reported in our previous studies  

(28-30). L-DOPA was used as the substrate. 

The diphenolase activity of tyrosinase                       

was examined spectrophotometrically by 

detecting dopachrome formation at 475 nm. 

Stock solutions at 40 mM in DMSO were 

prepared for all the test samples and                       

diluted to the required concentrations.                            

In 96-well microplates, tyrosinase (10 mL,                  

0.5 mg/mL) was mixed with phosphate                    

buffer (160 mL, 50 mM, pH = 6.8) and then the 

test sample (10 mL) was added. The mixture 

was pre-incubated at 28 °C for 20 min, then 

after L-DOPA solution (20 mL, 0.5 mM)                  

was inserted into the wells. Kojic acid was 

applied as the positive control. Each experiment 

was done as three separate replicates.                           

The inhibitory activity of the compounds was 

stated in terms of IC50 which is the 

concentration that inhibited 50% of the                  

enzyme activity. The percentage inhibition 

ratio was assessed, using the following 

equation:  

Inhibition (%) =
Abs of control− Abs of compound

Abs of control
 ⨯ 100  

The IC50 values were achieved by creating a 

nonlinear regression curve, using CurveExpert 

software. 

 

Determination of the inhibition type 

Derivative C2 as the most potent tyrosinase 

inhibitor was selected for the kinetic study.                 

The inhibition type of the enzyme was                   

assayed by Lineweaver-Burk plots of                          

the inverse of velocities (1/V) versus                             

the inverse of substrate (L-DOPA) 

concentrations 1/[S] mM-1. The inhibitor                    

and substrate concentration ranges were                          

0-25 μM and 0.125-2.000 mM, respectively                   

in all kinetic studies. Pre-incubation                             

and measurement times were considered                           

the same as defined in the tyrosinase                  

inhibition assay protocol. Maximum                       

initial velocity was determined from the                 

initial linear portion of absorbance for                            

10 min after the addition of L-DOPA                        

with one min interval. The Michaelis                 

constant (Km) and the maximal velocity (Vmax) 

were calculated by the Lineweaver-Burk plot. 
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Computational analysis 
in silico drug-likeness scores and pharmaco-
kinetics predictions 

The drug-likeness and pharmacokinetic 
properties of the compounds were predicted, 
using the preADMET online server 
(http://preadmet.bmdrc.org/). 
 
Molecular docking analysis 

The crystal structure of Agaricus bisporus 
tyrosinase (PDB ID: 2Y9X) was obtained from 
the RCSB Protein Databank 
(http://www.rcsb.org). The co-crystallized 
ligand (tropolone) and water molecules were 
removed from the crystal structure. Hydrogen 
atoms were added, non-polar hydrogens were 
merged and Gasteiger charges were calculated 
for the protein by using AutoDock Tools 1.5.4 
(ADT). The ligand structures were drawn and 
minimized by HyperChem software. The 
ligands were prepared in PDBQT formats by 
assigning Gasteiger charges and setting the 
torsions degree using ADT. Grid box 
parametric dimension values were adjusted to 
40 × 40 × 40 with 0.375 Å spacing. The binding 
site containing the two copper ions was selected 
for docking and the grids’ center was set on the 
tropolone’s binding site. Lamarckian genetic 
search algorithms were selected and the number 
of runs was adjusted to 100.  
 

RESULTS 
 

Compound synthesis  
Many synthetic procedures have been 

reported for the benzylidene-tetralone 
derivatives (31-33). In this study, ten 
benzylidene-6-hydroxy-3,4-dihydronaphthalen-

1-on derivatives (C1-C10) were synthesized by 
the aldol condensation reaction of 6-hydroxy 
tetralone (A) with different aromatic aldehydes 
(B) in the presence of PTSA as the catalyzer 
(Scheme 1). The chemical structures of the 
target derivatives were characterized using 
1HNMR, MS, and IR 
 

Biological studies  
Mushroom tyrosinase inhibitory activity of 6-
hydroxy-3,4-dihydronaphthalen-1-on chalcone-
like derivatives  

The inhibitory activity of target benzylidene-
6-hydroxy-3,4-dihydronaphthalen-1-on compounds 

on mushroom tyrosinase was studied. Kojic acid 

was used as a reference agent and the results in 

terms of IC50 values are shown in Table 1. Due 

to the solubility problem of compound C8, it 

was not evaluated for the biological effect. 

Generally, results revealed that the majority of 

the compounds displayed antityrosinase 

activities at the tested concentrations. The anti-

tyrosinase activities varied depending on the 

substitutions on the phenyl ring. Among the 

tested derivatives, compounds C2 and C3 

bearing 3,4,5-trimethoxyphenyl and 2-

methoxphenyl moieties were the dominant 

inhibitors with the IC50 values of 8.8 ± 1.8 and 

11.1 ± 2.5 μM, respectively. C2 and C3 anti-

tyrosinase activities were comparable to that of 

kojic acid (IC50 = 9.7 ± 1.3 μM). Other 

derivatives showed a lower tyrosinase 

inhibitory effect than kojic acid did. 

Compounds C1, C4, C6, and C7 possessing 4-

methoxy, 3-methoxy-4-hydroxy, 3,4-

dimethoxy, and 4-chloro substitutions on 

benzylidene, respectively, also exhibited good 
anti-tyrosinase activity (IC50=17.6 – 48.6 μM). 

Derivatives C5, C9, and C10 bearing 4-

hydroxyphenyl, 4-hydroxy-3,5-dimethoxyphenyl 

and 4-(dimethylamino)phenyl moieties did                

not have any considerable activity at the tested 

concentrations. 
 

 
 

Scheme 1. The synthetic procedure of benzylidene-6-

hydroxy-3,4-dihydronaphthalen-1-on derivatives.  
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Table 1. Tyrosinase inhibitory activities of synthesized compounds. Values represent means ± SEM, n = 4. 

 
Compounds R Molecular weight IC50 (μM) 

C1 4-OCH3 280.3 17.6 ± 1.1 

C2 3,4,5-(OCH3)3  340.4 8.8 ± 1.8 

C3 2-OCH3 280.3 11.1 ± 2.5 

C4 3-OCH2CH3 ,4-OH 310.3 21.4 ± 3.1 

C5 4-OH 266.3 48.6 ± 2.9 

C6 3,4-(OCH3)2 310.3 17.6 ± 2.4 

C7 4-Cl 284.8 22.4 ± 3.1 

C8 3-Cl 284.7 Not determined 

C9 4-OH, 3,5-(OCH3)2 326.3 > 50 

C10 4-N(CH3)2 293.4 >5 0 

Kojic acid - 142.1 9.7 ± 1.3 

 

 

 
Fig. 1. Lineweaver-Burk plots for tyrosinase inhibition in the presence of C2 compound. The reciprocal tyrosinase 

inhibitory activity was plotted against the reciprocal substrate concentration (double reciprocal plot, n = 3). Concentrations 

of C2 were 0, 10, and 25 μM, while substrate L-DOPA concentrations were 0.125, 0.250, 1.000, and 2.000 mM. Km is 

the Michaelis-Menten constant and Vmax is the maximum reaction velocity.  

 

Kinetic studies of C2 derivative 

The inhibition mode of the enzyme by the 

most potent derivative, C2, was assessed by 

Lineweaver-Burk plot analysis and the result is 

displayed in Fig. 1. The Lineweaver-Burk plot 

of 1/V versus 1/[S] showed a series of straight 

lines. Kinetic analysis of the enzyme in the 

presence of different concentrations of C2 

indicated that while the concentration of the 

inhibitor was elevated, Km values increased and 

Vmax values remained constant. Therefore, it 

can be stated that derivative C2 inhibited the 

tyrosinase enzyme competitively.  

 

Computational analysis results  

Molecular docking analysis 

Molecular docking of 6-hydroxy-3,4-

dihydronaphthalen-1-on chalcone-like derivatives 

with mushroom tyrosinase enzyme (PDB ID: 

2Y9X) was conducted to obtain some 
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information into the binding modes and possible 

interactions of the derivatives in the binding site 

of the enzyme. Many researchers reported small-

molecule docking into metalloproteins by 

autodock software (34,35). The enzyme-inhibitor 

complexes binding affinities are presented in 

Table 2. All the derivatives had more negative 

estimated free binding energies than tropolone 

and kojic acid as the co-crystallized ligand and the 

reference drug, respectively. Compounds C2, C8, 

and C3 possessing the most negative binding 

energies (-7.46, -7.44, and -7.28 kcal/mol, 

respectively) formed the most stable enzyme-

inhibitor complexes. The binding models of 

compounds showed the most favored binding 

energies (C2 and C8) and the rest of the 

compounds within the tyrosinase active site are 

depicted in Fig. 2. Docking results revealed that 

in all of the proposed compounds, the hydroxyl 

group of dihydronaphthalenone core established 

tough bonds with the copper ions in the binding 

pocket. The binding mode of C2 and C8 was 

similar; however, it was different from the other 

compounds. 
 

in silico drug-likeness and ADMET investigation 

results 

Drug-likeness scores (including Lipinski rule 

of five, CMC like rule, lead like rule,  

of five, CMC like rule, lead like rule, MDDR like 

rule, and WDI like rule) and pharmacokinetic 

properties (including human intestinal absorption, 

in vitro Caco-2 cell permeability, in vitro MDCK 

cell permeability, in vitro plasma protein binding 

and, in vivo blood-brain barrier penetration) were 

predicted for the derivatives exhibited good 

tyrosinase inhibitory activity, using PreADMET 

online server (www.preadmet.bmdrc.org). Drug-

likeness and ADMET calculation results are 

presented in Tables 3 and 4, respectively. 

 

Table 2. Docking results of 6-hydroxy-3, 4 -

dihydronaphthalen-1- on chalcone - like derivatives 

having anti-tyrosinase activity, and kojic acid into the 

mushroom tyrosinase active site. 

Compounds ΔG (kcal/mol) Ki (μM) 

C1 -6.35 18.83 

C2 -7.46 3.38 

C3 -7.28 3.86 

C4 -6.35 21.98 

C5 -6.39 20.83 

C6 -6.40 20.35 

C7 -6.78 10.70 

C8 -7.44 3.49 

C9 -6.17 30.14 

C10 -6.50 17.20 

Tropolone -4.36 0.61 × 103 

Kojic acid -3.57 2.40 × 103 

 
 

 
Fig. 2. (A) The docking interactions and (B) binding orientation of compounds C2 (cyan) and C8 (yellow) within the 

tyrosinase active site. (C) The docking interactions and (D) binding orientation of compounds C1 (yellow), C3 (blue), 

C4 (purple), C5 (yellow), C6 (cyan), C7 (pink), C9 (green), and C10 (brown) within the tyrosinase active site. 

  

http://www.preadmet.bmdrc.org/
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Table 3. in silico Lipinski rule of five, lead like rule, CMC like rule, MDDR like rule, and WDI like rule prediction for 6-hydroxy-3,4-dihydronaphthalen-1-on chalcone-like 

derivatives possessing tyrosinase inhibitory activity. 

WDI like rule Lipinskiʼs rule of five MDDR like rule Lead like rule CMC like rule Compounds 

In 90% cutoff Suitable  Mid-structure Violated  Qualified  C1 

In 90% cutoff Suitable Mid-structure Violated Qualified C2 

In 90% cutoff Suitable Mid-structure Violated Qualified C3 

In 90% cutoff Suitable Mid-structure Suitable1 Qualified C4 

In 90% cutoff Suitable Mid-structure Violated Qualified C6 

In 90% cutoff Suitable Mid-structure Violated Qualified C7 

 

 

 

 

Table 4. in silico ADME profiling of 6-hydroxy-3,4-dihydronaphthalen-1-on chalcone-like derivatives possessing tyrosinase inhibitory activity. 

Compounds 

Absorption Distribution 

Human intestinal 

absorption (%) 

0 - 20 (poor) 

20 - 70 (moderate) 

70 - 100 (good) 

in vitro caco-2 cell 

permeability (nm/s) 

<4 (low) 

4–70 (moderate) 

>70 (high) 

in vitro MDCK cell 

permeability (nm/s) 

< 25 (low) 

25–500 (moderate) 

>500 (high) 

in vitro skin 

permeability 

(log Kp, cm/h-) 

in vitro plasmaprotein 

binding (%) 

> 90 (strong) 

< 90 (weak) 

in vivo blood-brain barrier 

penetration 

(C.brain/C.blood) 

< 0.1 (low) 

0.1 - 2 (moderate) 

> 2 (high) 
C1 95.60 28.01 20.28 -2.64 94.93 1.08 
C2 95.97 34.48 4.55 -2.99 91.47 0.13 
C3 95.60 5.80 0.39 -2.64 94.89 0.95 
C4 93.45 21.56 19.10 -2.73 97.04 1.55 
C6 95.62 32.09 14.78 -3.09 89.08 0.20 
C7 96.46 25.47 39.32 

 
-2.52 100.00 4.46 

Kojic acid 79.39 3.79 9.77 -4.78 20.53 0.26 
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The results showed that all the structures 
fulfilled Lipinski's rule of five, CMC like rule, 
MDDR like rule, and WDI like rule (Table 3).  

As presented in Table 4, all the compounds 
predicted to have human intestinal absorption 
values of more than 70%, indicative of being 
appropriate for oral administration. All the 
compounds exhibited less negative log Kp 
values than kojic acid did; therefore, the 
proposed tyrosinase inhibitors might have 
better skin permeability compared to kojic acid. 
This can be an advantage of C2 (the most potent 
derivative) over kojic acid since poor skin 
penetration has been reported as a restriction for 
kojic acid. In addition, it was predicted for all 
the derivatives to bind strongly to the plasma 
proteins (an exception is for C6), indicating 
reduced excretion and increased half-life. 
Compound C7 could not be suggested as a good 
candidate, since it possessed a plasma protein 
binding value of 100%. Low blood-brain 
barrier permeation was assessed for the C1, C2, 
C3, and C4 derivatives; hence, it can be hoped 
that they are less likely to induce neurotoxicity. 
However, compounds C6 and C7 are predicted 
to show moderate and high penetration to the 
central nervous system, respectively. 

 

DISCUSSION 

 
Benzylidene-6-hydroxy-3,4-

dihydronaphthalenone chalconoids (C1-C10) 
were synthesized by the aldol condensation 
reaction of 6-hydroxy tetralone and differently 
substituted benzaldehydes. The synthesized 
compounds were evaluated for their potential 
inhibitory effect on the diphenolase activity of 
mushroom tyrosinase by a spectrophotometric 
method. Surprisingly, most of the compounds 
exhibited good inhibition of tyrosinase (IC50 = 
8.8 – 48.6 μM). Compound C2 bearing 3,4,5-
trimethoxy substitution on benzylidene group 
was found to be the most potent tyrosinase 
inhibitor with an IC50 value of 8.8 μM, which 
was comparable to that of kojic acid. Moreover, 
the inhibition kinetic study showed that C2 was 
a competitive tyrosinase inhibitor. It is well-
established that in chalcones, 2 and 4 hydroxyl 
group attached to the ring A is important for 
tyrosinase inhibition and 4-hydroxyl 
substituted derivatives were found to be the 
most active tyrosinase inhibitor showed strong 

chelation with binuclear copper-containing 

tyrosinase enzymes (4,24,36). Moreover, 4ˊ 
hydroxyl group is slightly more selective than 

2ˊ hydroxyl (24). In our findings, the presence 

of hydroxyl (the present work) or methoxy (our 
previous work) (27) on the C6 position of 
tetralone ring (as C4 position in chalcones) has 
led to potent tyrosinase inhibitors. In the case of 
6-hydroxy substituted benzylidene-tetralones, 
the presence of methoxy group on ring B and 

especially on 2ˊ, 4ˊ, and 5ˊ positions 

(benzylidene) resulted in more potent 
compounds. It seems that introducing hydroxyl 
on ring B would reduce the activity. However, 
in the case of 6-methoxy-benzylidene-
tetralones presence of hydroxyl group on ring 
B-methoxy substituted derivatives improved 
the activity (27). The potential inhibitory effect 
of the dihydronaphthalenones derivatives was 
also examined in silico, via molecular docking 
analysis. The docking outcomes were in good 
agreement with the biological results and C2, 
having the most favored binding energy, was 
well accommodated in the active site of 
tyrosinase by establishing strong bonds with 
copper ions. The in silico drug-likeness and 
ADME prediction investigations further 
revealed that all the compounds, except C6 and 
C7 possessed acceptable drug-like and ADME 
properties; hence, it can be concluded that the 
lead tyrosinase inhibitor C2 might serve as a 
suitable drug-like candidate and can be 
suggested as a promising candidate for further 
drug development. 
 

CONCLUSION 

 
In conclusion, a successful synthesis, 

biological evaluation, and analysis of possible 
molecular interactions of benzylidene-6-hydroxy-
3,4-dihydronaphthalenones derivatives as 

tyrosinase inhibitors have been described. Taken 
together, the present study revealed that C2 (6-
hydroxy-2-(3,4,5-trimethoxybenzylidene)-3,4-
dihydronaphthalen-1(2H)-one) is a potent 
tyrosinase inhibitor and could be considered for 
further drug development. 
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