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Abstract 

This manuscript describes the synthesis of some new N-(substituted-phenyl)-4-(4-phenyl-

1-piperazinyl)butanamides (5a-c) through a facile bi-step strategy. The structures of these 

compounds were corroborated by their IR, EI-MS, 1H-NMR, 13C-NMR spectra along with CHN 

analysis data. The results of Mushroom tyrosinase in vitro inhibition revealed that all compounds 

were superb inhibitors of this enzyme and among them 5b was identified as the most active 

compound having IC50 value of 0.168 ± 0.057 µM, relative to the standard (16.841 ± 1.146 µM). 

The kinetic analysis (Ki = 0.22 µM) of this molecule revealed that it does not competitively 

inhibit the tyrosinase enzyme. It also significantly reduced (P<0.001) the enormous amount of 

pigments to about 75.373% in an in vivo protocol, when studied on the zebrafish embryos. 

Moreover, the cytotoxicity of these butanamides was also profiled and it was an infered that of 

these molecules possess very mild cytotoxicity. So, it was consummated from the present 

investigation that these compounds might be utilized as less cytotoxic therapeutic agents for the 

betterment of skin related ailments. 

 

Keywords: 4-Chlorobutanoyl chloride; N-phenylpiperazine; tyrosinase inhibition; molecular 

docking; depigmentation; cytotoxicity. 
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1. Introduction 

Heterocyclic compounds are being concerned with the main domain of research for the 

discovery of new biologically active molecules [1]. Among the nitrogen containing heterocyclic 

compounds, piperazine derivatives have vide applications as pharmaceuticals [2]. The piperazine 

moiety is present in the structure of several compounds which exhibit wide spectrum of 

biological activities, including enzyme inhibition, HIV-1 inhibition, lipid peroxidation and 

adrenoceptor antagonism [3-6]. 

The compounds having a phenyl ring condensed with the piperazine heterocycle at 

nitrogen atom constitute a large chemical class of heterocycles. Due to lipophilic nature and 

small size, they have the aptitude to cross the blood-brain barrier. So, certain N-phenylpiperazine 

derivatives promote activity upon the central nervous system and are being used in the cure of 

numerous mental disorders, including anxiety disorders, [7] Alzheimer’s disease, [8] psychosis, 

[9] and depression [10]. Moreover, various molecules with N-phenylpiperazine moiety were 

verified for their anticonvulsant properties and against different types of induced seizures [11-

13]. Some drugs bearing phenylpiperazine skeleton have been approved by Food and Drug 

Administration (FDA) and itraconazole is one of the most well-known among them (Fig. 1). It 

was first prepared in 1984 and was made available by the FDA in 1992. It possesses a broad 

spectrum of activity across various fungal species [14].  
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Fig. 1. Structure of itraconazole. 

 

Ketoconazole (Fig. 2) is another FDA approved antifungal drug. It has been used for a 

long time with high doses, particularly for immunosuppressed patients. It has also been used for 

the treatment of many systemic fungal infections such as paracoccidioidomycosis, chronic 

mucocutaneous candidiasis, and blastomycosis [15].  
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Fig. 2. Structure of ketoconazole. 

 

Drugs containing butanamides moiety have been used in the treatment of high blood 

pressure, abnormal heart rhythms and sometimes chest pain [16-22].  

Melanin is regulated through the process called melanogenesis. Melanin is synthesized by 

cells known as melanocytes, which are dendritic cells and produced from the melanoblasts. 

Melanoblasts are non-pigmented cells arising from the embryonic neural crest. Skin and hair 

follicles contain the melanin-producing cell in the basement of the epidermis. The important 

function of these cells is to produce the pigment melanin. These cells in skin surrounded by 

approximately thirty-six keratinocytes into which melanocytes transfer the prepared melanin 

[23]. 

Tyrosinase (copper bound enzyme) dispersed in plants microorganisms and animals. 

Tyrosinase is a pivotal enzyme with significant effects on biosynthesis and regulation of 

melanin. The substrate for tyrosinase (phenylalanine hydroxylase, PAH) is followed by the 

conversion cytosol, L-phenylalanine to tyrosine. The chemical and biological reaction, in many 

organisms like microbes and animals, is mono-phenols to o-diphenols and oxidation reaction of 

latter to o-quinones [24]. In fruits and vegetable test, surface quality and essential dietary needs 

are regulated through the tyrosinase. In advanced animals, humans, and plants like fungi, 

tyrosinase speeds up the conversion of tyrosine into melanin. Melanin not only responsible for 

the color but also protects the skin from UV radiations [25]. 

The higher quantity of melanin-pigment synthesis is responsible for different skin 

diseases in females and males equally such as ephelides, dark skin, acne, melasma and 

pregnancy spots in females [26]. Such research cheered the scientific community and industry to 

design and synthesize the organic compounds for the skin whitening and treatment of skin 

disease using tyrosinase inhibition as a target mode. 
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2. Experimental section 

2.1. Chemistry 

2.1.1. Materials and methods 

Chemicals and analytical grade solvents were purchased from Sigma Aldrich, Alfa Aesar 

(Germany), or Merck. Pre-coated silica gel Al-plates were used for TLC. Ethyl acetate and n-

hexane were used as solvent system. Spots were detected by UV254. Gallonkamp apparatus was 

used to find out the melting points. Elemental analyses were performed on a Foss Heraeus CHN-

O-Rapid instrument and were within ± 0.4% of the theoretical values. IR spectra (ν, cm–1) were 

recorded by KBr pellet method in the Jasco-320-A spectrophotometer. EI-MS spectra were 

measured on a JEOL JMS-600H instrument. 1H-NMR spectra (δ, ppm) were recorded at 600 

MHz (13C-NMR spectra, at 150 MHz) in DMSO-d6 using the Bruker Advance III 600 As- cend 

spectrometer using BBO probe. The 1H-NMR spectral peaks for interpretation are abbreviated as 

follows: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; br.t, broad triplet; q, quartet; 

quint, quintet; sex, sextet; sep, septet; m, multiplet, dist, distorted. 

2.1.2. General Procedure for the synthesis of 4-Chloro-N-(substituted-phenyl)butanamides (3a-

c) 

Substituted aniline (2a-c, 8.8 mmol; one in each respective reaction) was suspended in 25 

mL distilled water, stirred for 30 minutes followed by the addition of 10% aqueous Na2CO3 to 

adjust pH to 9-10. Then, an equimolar quantity of 4-chlorobutanoyl chloride (1, 1mL, 8.8 mmol) 

was added with vigorous shaking, and the mixture was stirred further for four to five hours till 

completion of each respective reaction. Reaction progress was monitored by TLC until a single 

spot was achieved. During work-up, respective products were precipitated by lowering the pH up 

to 2.0 with conc. HCl. The precipitates of these electrophiles, 4-chloro-N-(substituted-

phenyl)butanamides (3a-c) were filtered out, washed with distilled water, and air-dried. 

2.1.3. General procedure for the synthesis of N-(Substituted-phenyl)-4-(4-phenyl-1-

piperazinyl)butanamides (5a-c) 

Phenyl piperazine (4, 0.5 ml; 3.08 mmol) in 10 mL N,N-dimethylformamide (DMF) was 

taken in 50 mL round bottomed flask and a pinch of lithium hydride was added. The reaction 

mixture was stirred for 30 minutes at 25 °C, for activation of 4, followed by addition of a 

respective 4-chloro-N-(substituted-phenyl)butanamide (3a-c; one in each reaction). The reaction 

mixture was stirred for 4-5 hours till the completion of reaction in each case. The products were 
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precipitated by adding distilled water and got filtered, washed with distilled water, and air-dried. 

In this way, pure N-(substituted-phenyl)-4-(4-phenyl-1-piperazinyl)butanamides (5a-c) were 

obtained. 

2.1.4. Structural characterization 

2.1.4.1. N-(4-Methylphenyl)-4-(4-phenyl-1-piperazinyl)butanamide (5a) 

Light yellow solid ; Yield: 75%; m.p. 111-112 oC; Molecular formula: C21H27N3O; 

Molecular weight: 337; IR (KBr, υ/cm-1): 3241 (N-H, str.), 3033 (Ar C-H str.), 1716 (C=O, str.), 

1632 (Ar C=C, str.), 1588 (C=C, str.); 1H-NMR and 13C-NMR (Table 1); Anal. Calc. for 

C21H27N3O (337.22): C, 74.74; H, 8.06; N, 12.45. Found: C, 74.66; H, 8.15; N, 12.37; EI-MS 

(m/z): 337 [M]+, 232 [C14H20N2O]+, 296 [C18H22N3O]+, 286 [C17H20N3O]+, 176 [C11H14NO]+, 

162 [C10H12NO]+, 147 [C10H13N]+, 133 [C9H11N]+, 120 [C8H10N]+, 107 [C7H8N]+, 91 

[C7H7/C6H5N]  +, 77 [C6H5]
 +. 

2.1.4.2. N-(2,5-Dimethylphenyl)-4-(4-phenyl-1-piperazinyl)butanamide (5b) 

Light purple solid; Yield: 65%; m.p. 113-114 oC; Molecular formula: C22H29N3O; Molecular 

weight: 351; IR (KBr, υ/cm-1): 3239 (N-H, str.), 3030 (Ar C-H str.), 1715 (C=O, str.), 1633 (Ar 

C=C, str.), 1589 (C=C, str.); 1H-NMR and 13C-NMR (Table 2); Anal. Calc. for C22H29N3O 

(351.23): C, 75.18; H, 8.32; N, 11.96. Found: C, 75.04; H, 8.23; N, 11.99; EI-MS (m/z): 351 

[M] +, 336 [M - CH3]
+, 245 [C15H21N2O]+, 233 [C14H21N2O]+, 231 [C14H19N2O]+, 219 

[C13H18N2O]+, 190 [C12H16NO]+, 175 [C11H15N2]
+, 160 [C10H12N2]

+, 147 [C10H13N]+, 134 

[C9H12N]+, 120 [C8H10N]+, 105 [C8H9]
+, 98 [C5H8NO]+, 91 [C6H5N] +, 77 [C6H5]

 +. 

2.1.4.3. N-(3,4-Dimethylphenyl)-4-(4-phenyl-1-piperazinyl)butanamide (5c) 

Light yellow solid; Yield: 73%; m.p. 97-98 oC; Molecular formula: C22H29N3O; Molecular 

weight: 351; IR (KBr, υ/cm-1): 3242 (N-H, str.), 3048 (Ar C-H str.), 1731 (C=O, str.), 1610 (Ar 

C=C, str.), 1580 (C=C, str.); 1H-NMR and 13C-NMR (Table 3); Anal. Calc. for C22H29N3O 

(351.23): C, 75.18; H, 8.32; N, 11.96. Found: C, 75.11; H, 8.26; N, 11.88; EI-MS (m/z): 351 

[M] +, 336 [M - CH3]
+, 245 [C15H21N2O]+, 233 [C14H21N2O]+, 231 [C14H19N2O]+, 219 

[C13H18N2O]+, 190 [C12H16NO]+, 175 [C11H15N2]
+, 160 [C10H12N2]

+, 147 [C10H13N]+, 134 

[C9H12N]+, 120 [C8H10N]+, 105 [C8H9]
+, 98 [C5H8NO]+, 91 [C6H5N] +, 77 [C6H5]

 +. 
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Table 1  
1H-NMR (600 MHz, DMSO-d6) and 13C-NMR (150 MHz, DMSO-d6) spectral data of 5a. 

No. 
1H-NMR ( δδδδ/ppm) 

J (Hz) 

13C-NMR 

(δδδδ/ppm) 
No. 

1H-NMR ( δδδδ/ppm) 

J (Hz) 

13C-NMR 

(δδδδ/ppm) 

1 9.79 (s, 1H) 171.31 3′′, 5′′ 
7.17 (br.d, J = 7.9 

Hz, 2H,) 
129.45 

2 2.46 (m)* 34.45 4′′ 
6.88 (br.d, J = 7.9 

Hz, 1H) 
119.60 

3 
1.80 (quint., J = 

6.8 Hz, 2H) 
25.29 1′′′ - 136.67 

4 
3.80 (br.t, J = 6.8 

Hz, 2H) 
53.77 2′′′, 6′′′ 

7.47 (br.d, J = 7.8 

Hz, 2H) 
119.88 

2′, 6′ 
3.33 (br.s)  

&  

2.39-2.37 (m)** 

53.16 3′′′, 5′′′ 
7.53 (br.d, J = 8.1 

Hz, 2H) 
129.76 

3′, 5′ 48.45 4′′′ - 133.24 

1′′ - 147.19 7′′′ 2.28 (s, 3H) 20.85 

2′′, 6′′ 
7.08 (br.d, J = 7.8 

Hz, 2H) 
112.56    

*Merged in the signal of DMSO d6; ** Overall merged signals. 

Table 2 
1H-NMR (600 MHz, DMSO-d6) and 13C-NMR (150 MHz, DMSO-d6) spectral data of 5b. 

No. 

1H-NMR ( δδδδ/ppm) 

J (Hz) 

13C-NMR 

(δδδδ/ppm) 
No. 

1H-NMR ( δδδδ/ppm) 

J (Hz) 

13C-NMR 

(δδδδ/ppm) 

1 9.17 (s, 1H) 170.3 4′′ 
6.77 (br.t, J = 7.2 

Hz, 1H) 
119.16 

2 2.50 (m)* 34.2 1′′′ - 136.7 

3 1.80 (quint, J = 7.1 22.94 2′′′ - 129.0 
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Hz, 2H) 

4 3.33 (m, 2H) 57.81 3′′′ 
7.07 (br.d, J = 7.6 

Hz, 1H) 
126.15 

2′, 6′ 3.13 (br.s)  

&  

2.39-2.36 (m)** 

53.22 5′′′ - 135.3 

3′, 5′ 48.68 6′′′ 7.22 (br.s, 1H,) 126.09 

1′′ - 151.53 4′′′ 
6.88 (br.d, J = 7.4 

Hz, 1H) 
130 

2′′, 6′′ 
6.93 (br.d, J = 8.1 

Hz, 2H) 
115.75 7′′′ 2.14 (s, 3H) 17.89 

3′′, 5′′ 7.21-7.19 (m, 2H) 129.34 8'" 2.23 (s, 3H) 21.01 

*Merged in the signal of DMSO d6; ** Overall merged signals. 

Table 3 
1H-NMR (600 MHz, DMSO-d6) and 13C-NMR (150 MHz, DMSO-d6) spectral data of 5c. 

No. 

1H-NMR ( δδδδ/ppm) 

J (Hz) 

13C-NMR 

(δδδδ/ppm) 
No. 

1H-NMR ( δδδδ/ppm) 

J (Hz) 

13C-NMR 

(δδδδ/ppm) 

1 9.69 (s, 1H) 171.23 4′′ 
6.79 (br.t, J = 6.7 

Hz, 1H) 
119.14 

2 2.45 (m)* 34.80 1′′′ - 137.59 

3 
1.77 (quint, J = 6.1 

Hz, 2H) 
22.76 2′′′ 7.37 (br.s, 1H) 120.80 

4 3.34 (m, 2H) 57.78 3′′′ - 130.95 

2′, 6′ 3.11 (br.s)  53.18 4′′′ - 136 
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3′, 5′ 
&  

2.39-2.36 (m)** 
48.67 5′′′ 

7.30 (br.d, J = 7.5 

Hz, 1H) 
129.90 

1′′ - 151.53 6′′′ 
7.02 (br.d, J = 7.7 

Hz, 1H) 
117.09 

2′′, 6′′ 
6.92 (br.d, J = 7.5 

Hz, 2H) 
115.74 7′′′ 2.15 (s, 3H) 20.05 

3′′, 5′′ 
7.20 (br.t, J = 6.8 

Hz, 2H) 
129.33 8'" 2.17 (s, 3H) 19.18 

*Merged in the signal of DMSO d6; ** Overall merged signals. 

2.2. Biology 

2.2.1. In vitro methodology 

2.2.1.1. Tyrosinase inhibition 

The potency of synthesized derivatives against mushroom tyrosinase (EC 1.14.18.1 

Sigma Aldrich Chemical Korea) was investigated by exactly following our published method 

[26, 27]. In a first step, 20 mM with pH 6.8 Phosphate buffer was prepared and their 140 µL was 

used in each well, simultaneously 20 µL of target enzyme mushroom tyrosinase was also added 

from 30U/mL of stock solution. In a third step, 20 µL of the compound was poured into the 

assay plate. After the first incubation of 10 minutes at room temperature, the 20 µL of substrate 

L_DOPA was poured in each well of 96 well-plate from a stock solution of 0.85 mM, after that 

reaction mixture was again incubated for 20 minutes at 25 ºC. Finally, the change in absorbance 

was recorded at wavelength 475 nm using a microplate reader (SpectraMAX ABS, Molecular 

Devices, USA). For comparison and assay validation kojic acid and assay buffer was used as a 

positive and negative control. For IC50 calculations all concentration was investigated separately 

and repeated three times for better accuracy of results. For calculation of IC50 through nonlinear 

regression GraphPad Prism was used. By following the bellow mentioned equation % inhibition 

was determined. 

���������	%	��ℎ������	 = 	 [(����� − ������)/�����] 	× 100 
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2.2.1.2. Kinetic analysis 

The kinetic experiment was performed to know the behavior of compound 5b for 

inhibition of tyrosinase. Range of doses was investigated for the identification of the pattern of 

inhibition of tyrosinase by 5b. We examined the kinetic using our published method [28]. Totally 

four doses of 5b were investigated 0.00, 0.13, 0.26 and 0.52 µM. various series of L-DOPA 

substrate concentrations were used from 0.0625 to 2mM for all experiments. The first incubation 

time and reading period was the same as presented in the anti-tyrosinase inhibition method. The 

maximum first velocity was determined using the primary linear phase of absorbance for 5 

minutes after mixing enzyme solution at thirty seconds period. The enzyme blockage pattern was 

determined using the Lineweaver-Burk graph of the opposite of velocities (1/V) against the 

opposite of used substrate concentrations. Another chart was drawn for calculations of enzyme 

inhibition dissociation constant Ki through 1/V against the 5b doses. 

2.2.1.3. Hemolytic activity 

For the hemolytic activity study, the bovine blood sample was collected in EDTA, diluted 

with (0.9% NaCl), and centrifuge the diluted sample at 1000xg for 10 minutes. The erythrocytes 

separated, diluted in phosphate buffer of pH 7.4, and suspension was made. 20 µL of synthesized 

compounds solution (10 mg/mL) in 180 µL of RBCs suspension was added and then incubated 

for 30 min at room temperature. PBS was used as negative control and Triton-X was taken as a 

positive control [29, 30]. The %age of hemolytic activity (cytotoxicity) of newly synthesized 

amides was calculated by using the following formula: 

 

(%)	��	��������� =
 ���!���"�	��	������ −  ���!���"�	��	#�$��%�	&��!��

 ���!���"�	��	'����%�	&��!��
× 100 

2.2.2. In vivo methodology 

2.2.2.1. Determination of pigmentation reducing capacity of 5b in embryos of Zebrafish 

The animal experiments were carried out as accordance with the published methods [23, 

26, 31]. 

2.2.2.2. Zebrafish Care and Maintenance 

The selected animal zebrafishes were obtained from the local market and maintained in 

our fish facility laboratory for a period of thirty days. All the conditions were optimized for fish 
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culture as prescribed in literature for zebrafish maintains. Shrimp larvae were used as the food of 

fishes and they were housed in tanks made up of thermostatic material. For respiration, growth 

and better health air and water filtration were maintained. The fish seed was obtained using the 

normal procedure of fish spawning performed using the light source as a stimulator. All the 

animal experiments methods were confirmed by the Departmental Review Board on Kongju 

National University (IRB NO. 2011-2). 

2.2.2.3. Treatment and depigmentation analysis of Compound 5b 

First, the E3 medium was prepared by mixing 5 mM sodium chloride, 0.17 mM 

potassium chloride, 0.33 mM calcium chloride, and 0.33 mM and magnesium chloride. After that 

even fishes were obtained using pipette into an assay plate and poured four to five embryos in 

each well. In the second step, 5b solution was prepared in 0.1% DMSO and placed into the 

embryos medium for nine to seventy-two hours post-fertilization. For comparison and assay 

confirmation kojic acid was used as a reference. After that chorion of embryos was removed and 

tricainemethanesulfonate MS-222 was used as anesthesia. Finally, an embryo slide was prepared 

using 1% methylcellulose on the entire slide and images were obtained using a stereo microscope 

purchased from Nikon, Japan. 

2.2.3. Computational Methodology 

2.2.3.1. Selection of mushroom tyrosinase  

The 3D crystal structure of mushroom tyrosinase with PDBID: 2Y9X was repossessed 

form the Protein Data Bank (PDB) (https://www.rcsb.org/structure/2Y9X). The retrieved 

structure further undergoes for energy minimization in UCSF Chimera 1.10.1 with default 

parameters [32].  

2.2.3.2. Grid generation and molecular docking  

Before the molecular docking, the target protein was prepared using the "Protein 

Preparation Wizard" by the Maestro interface in the Schrödinger Suite. Initially, bond orders 

were assigned and hydrogen atoms were added to the target molecule. After that, the structure 

was then minimized to reach the converged RMSD of 0.30 Å with the OPLS_2005 force field. 

The binding pocket of the target protein was confirmed PDB and prior published data [25, 33]. 

The synthesized ligands (5a-c) were sketched in a 2D sketcher in Schrödinger Suite and saved in 
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the Maestro interface for docking experiments. The molecular docking experiment was carried 

out between all ligands and selected target structures through the Glide docking protocol [34]. 

The generated docking complexes (3D/2D) were examined on the basis of energy values and 

binding interaction profiles. Throughout the docking simulations, both partial flexibility and full 

flexibility around the active site residues are performed by Glide/SP/XP and induced fit docking 

(IFD) approaches [35].  

2.2.3.3. Molecular Dynamics 

To understand the protein backbone stability in the docking complex, a molecular 

dynamics simulation experiment was performed through the Desmond simulation package of 

Schrödinger [36]. In all runs, the NPT ensemble was applied to have a temperature of 300 K and 

pressure of 1 bar. The simulation time of 100 ns having relaxation time 1 ps was adjusted 

throughout the simulation experiment with the OPLS_2005 force field parameter [37]. The long-

range electrostatic interactions were calculated using the particle mesh Ewald (PME) method 

[38]. The cutoff radius in coloumb interactions was fixed at 9.0 Å, whereas, water molecules 

were explained using a simple point charge (SPC) model [39]. The Martyna-Tuckerman-Klein 

chain coupling scheme [40] with a coupling constant of 2.0 ps was used for pressure control and 

the Nosé-Hoover chain coupling scheme for temperature control. To analyze the behavior and 

interactions between the ligands and protein, we used the Simulation Interactions Diagram tool 

implemented in the Desmond molecular dynamics package. 

3. Results and Discussion 

3.1. Chemistry 

The synthetic procedures adopted to obtain the target compounds are outlined in scheme 

1 and conditions of reactions are described in the experimental section. Treatment of 4-

chlorobutanoyl chloride (1) with three different N-substituted anilines (2a-c) gave the respective 

electrophiles, 4-chloro-N-(substituted-phenyl)butanamide (3a-c). N-Phenylpiperazine (4) was 

taken in DMF and lithium hydride base added to activate this nucleophilic compound, and then 

the newly synthesized electrophiles, 3a-c, were reacted with 4 to transform it into N-(substituted-

phenyl)-4-(4-phenyl-1-piperazinyl)butanamides (5a-c). The structures of the products were 

deduced from their elemental analysis and spectral data. For example, the molecular mass of 5a 

was accounted by molecular ion peak in EI-MS spectrum at m/z 337 (Fig. S1) and molecular 
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formula, C21H27N3O, was established through CHN analysis data. The count of a number of 

protons and the number of carbon resonances in its 1H-NMR and 13C-NMR spectrum, 

respectively, was also in agreement with the suggested molecular formula. The most downfield 

singlet in its 1H-NMR spectrum at δ 9.79 (NH-CO-1) was an attribute of amidic heteroatom 

proton. 4-Methylphenyl moiety was clearly corroborated by two ortho-coupled doublets in 

aromatic region, appearing at δ 7.53 (br.d, J = 8.1 Hz, 2H, H-3"' & H-5"'), and 7.47 (br.d, J = 7.8 

Hz, 2H, H-2"' & H-6"') along with a discrete singlet for a methyl group in aliphatic region at δ 

2.28 (s, 3H, CH3-7"'). The distinct resonances for a symmetrical piperazine ring were not 

observed, most probably, due to ring flipping, and it was collectively characterized by a broad 

singlet δ 3.33 and a multiplet signal at δ 2.39-2.37 for all its four methylenes. The phenyl group 

attached with nitrogen of the piperazine ring was represented by three peculiar signals at δ 7.17 

(br.d, J = 7.9 Hz, 2H, H-3" & H-5"), 7.08 (br.d, J = 7.8 Hz, 2H, H-2" & H-6"), and 6.88 (br.d, J 

= 7.9, 1H, H-4"). Peaks at δ 3.80 (br.t, J = 6.8 Hz, 2H, CH2-4), 2.46 (m, merged in the signal of 

DMSO-d6, CH2-2) and 1.80 (quint, J = 6.8, 2H, CH2-3) exposed the presence of a butanamido 

group (Fig. S2). The 13C-NMR spectrum demonstrated overall fifteen carbon resonances, 

because some duplets for magnetically equivalent carbons were reducing the total resonances of 

the molecule. The carbons of 4-methylphenyl moiety appeared at δ 136.67 (C-1"'), 133.24 (C-

4"'), 129.76 (C-3"' & C-5"'), 119.88 (C-2"' & C-6"'), and 20.85 (C7"'). Two resonances for 

piperazine ring were observed at δ 53.16 (C2' & C6'), and 48.45 (C3' & C5') while phenyl group 

attached with this piperazine was evident from four peaks at δ 147.19 (C-1"), 129.45 (C-3" & C-

5"), 119.60 (C4"), 112.56 (C-2" & C-6") [41]. The linking butanamide moiety was endorsed by 

four resonances at δ 171.31 (C-1), 53.77 (C-4), 34.45 (C-2), and 25.29 (C-3). Various mass 

fragments (shown in the experimental section) of this molecule also thoroughly supported these 

assignments. So, based on all these cumulative evidence, the structure of 5a was confirmed and it 

was named as N-(4-methylphenyl)-4-(4-phenyl-1-piperazinyl)butanamide. Similarly, the 

structures of other derivatives were also characterized by a similar strategy.  
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Scheme 1. Outline for the synthesis of N-(substituted-phenyl)-4-(4-phenyl-1-

piperazinyl)butanamides. Reagents & Conditions: (I) Aq. Na2CO3 soln./pH 9-10/stirring at RT 

for 3-4 hrs. (II) Acetonitrile/K2CO3/refluxing of 4 for 0.5 hrs for its activation, followed by 

addition of respective electrophile (3a-c), and then refluxing for 4-5 hrs. 

3.2. Biology 

3.2.1. Enzyme inhibition and structure-activity relationship 

The synthesized compounds (5a-c) were screened to confirm their importance as 

inhibitors of the tyrosinase enzyme. Kojic acid was used as a standard for comparing results, and 

estimates of the half-maximum inhibitory concentration (IC50) are summarized in (Table 4). 

Interestingly, all synthesized compounds showed potent inhibition against mushroom tyrosinase 

compared to kojic acid. Compound 5b (0.258 ± 0.024) was the dominant tyrosinase inhibitor 

compared to other compounds in the series. The presence of two methyl groups at 2 and 5 

positions of the benzene ring results in the best activity of tyrosinase. The compound 5b interacts 
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strongly and occupies the whole pocket of the receptor. The compound 5c exhibited moderately 

inhibitory activity in the comparison of other compounds due to change in position of a methyl 

group at 3 and 4 position of benzene ring as compared to 5b. It poorly interacted with enzyme 

and unable to occupy the pocket of the receptor. The 5a compound was the second potent 

inhibitor due to the presence of only one methyl group at para-position, however, the 

substitution of the methyl group at para-position decreases the steric hindrance which increases 

the inhibitory effect. 

Table 4  

IC50 values of compounds (5a-c) were calculated by nonlinear regression using GraphPad Prism 

5.0. 

Compound 
Tyrosinase activity 

IC50 ± SEM (µM) 

5a 0.307 ± 0.043 

5b 0.258 ± 0.034 

5c 0.421 ± 0.052 

Kojic Acid 16.841 ± 1.146 

SEM= Standard error of the mean (n=3). 

3.2.2. Kinetic analysis 

Based on our results, the most potent compound 5b is selected to determine the type of 

tyrosinase inhibition and the inhibition constant. The potential of this compound to inhibit the 

free enzyme and the enzyme-substrate complex was determined as an EI or ESI constant. The 

kinetic studies of the enzyme by the Lineweaver-Burk plot of 1/V versus 1/[S] in the presence of 

different concentrations of the compound revealed a series of straight lines (Fig. 3A). The results 

of 5b showed that the compound cuts in the second quadrant. The analysis showed that Vmax 

decreased to new, increasing doses of inhibitors while Km remained the same. This behavior 

indicates that 5b does not competitively inhibit tyrosinase to form the enzyme-inhibitor complex. 

Secondary plots of slope versus inhibitor concentrations showed dissociation constant of an 

enzyme inhibitor (Ki) (Fig. 3B). 

The kinetic results are presented in the Table 5. (Kinetic parameter table). 
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Table 5  

Kinetic parameters of the mushroom tyrosinase for L-DOPA activity in the presence of various 

concentration of 5b. 

Concentration 

(µM)  

Vmax 

(∆A /Sec) 

Km 

(mM)  
Inhibition Type  

Ki 

(µM)  

0.00 9.52×10-5 0.38 

Non-Competitive 0.22 
0.13 2.99×10-5 0.38 

0.26 2.76×10-5 0.38 

0.52 2.13×10-5 0.38 

Vmax is the reaction velocity, Km is the Michaelis-Menten constant, Ki is the EI dissociation 

constant. 

 

Fig. 3. Lineweaver–Burk plots for inhibition of tyrosinase in the presence of Compound 5b. (A) 

Concentrations of 5b were 0.00, 0.13, 0.26 and 0.52 µM, respectively. L-DOPA Substrate 

Concentrations were 0.0625, 0.125, 0.25, 0.5, 1 and 2 mM, respectively. (B) The insets are a plot 

of the concentrations of 5b slope versus inhibitor to determine the inhibition constant. Lines 

were drawn using linear least squares fit. 

3.2.3. Hemolytic activity 

All the synthesized compounds, 5a-c, were also subjected to hemolytic assay to find out 

their cytotoxicity profile. Results of percentage hemolysis are shown in (Table 6). Our results 

showed that all these have very low cytotoxicity towards the red blood cell membrane. 

Maximum membrane toxicity was shown by compound 5c which is only 6.54 ± 0.04% relative 
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to Triton-X having a value of 87.67 ± 0.03%. The minimum toxicity was recorded in 5b (2.54 ± 

0.01%) while 5a exhibited 2.85 ± 0.02% hemolysis.  

Table 6 

Cytotoxicity studies of the synthesized amides, 5a-c. 

Compound % Hemolysis 

5a 2.85 ± 0.02 

5b 2.54 ± 0.01 

5c 6.54 ± 0.04 

Triton X 87.67 ± 0.03 

Note: PBS (% Hemolysis) = 1.03 ± 0.01. 

3.2.4. In vivo depigmentation zebrafish analysis 

Zebrafish is a vital research model against various diseases, due to gene makeup 

similarity with humans [23]. Owing to these benefits, the zebrafish seeds were used to determine 

the depigmentation efficacy of 5b through in vivo assay. The inhibition efficacy of 5b on the 

coloring of zebrafish was investigated with the treatment of 20, 40 and 60 µM of inhibitor 5b 

and equal doses were tested for kojic acid, and for the negative control, embryos were treated 

without any compound only with E3 medium embryos were treated. The pigment level of 

zebrafish significantly decreased P<0.001, (Fig. 4A, B) to about 75.373% while positive control 

kojic acid showed 54.473% at 60 µM. Additionally, inhibitor 5b exhibited good depigmenting 

effects at 40 and 60 µM doses, relative to those of kojic acid. 
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Fig. 4. Depigmentation efficacy of 5b in zebrafish (A) showed the melanin amount decrease in 

zebrafish at different doses. (B) Graphically comparison of melanin amount of 5b and standard 

kojic acid. The amount of melanin was measured using ImageJ software. *P<0.05; **P<0.001. 

The results were compared using analysis of variance (ANOVA) followed by a Dunnett test. 

3.2.5. Molecular docking analysis 

3.2.5.1. Binding energy evaluation of synthesized compounds  

To predict the best conformational position within the active region of tyrosinase, all 

compounds were undergoes a docking procedure. The predicted docked complexes were 

examined based on docking energy values (kcal/mol), hydrogen and hydrophobic bonding 

pattern. The docking results showed that all the synthesized ligands (5a-c) were bind within the 

active site of the target protein with different conformational poses and energy values (kcal/mol), 

respectively. The binding pattern of all synthesized compounds showed their similar 

conformational behavior within the active region of the target protein (Fig. 5A). The compound 

5a exhibited -6.38 (kcal/mol), whereas, 5b and 5c possessed -6.05 and -5.90 kcal/mol, 
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respectively (Fig. 5B). It was observed that all ligands exhibited similar chemical skeleton, 

therefore, no big energy value difference was observed in all docking results.  

 

Fig. 5 (A, B). Docking complexes of 5a-c with binding affinities (kcal/mol). 

3.2.5.2. Binding analysis of ligands against tyrosinase  

The detail docking analysis of 5b exhibited a single π-π interaction. The 3D and 2D 

depictions of most active compound 5b are mentioned in (Fig. 6A, B). Furthermore, in 5a 

docking complex, one hydrogen and a couple of π-π interactions were observed at His244, 

Phe264, and His85, respectively. The carbonyl oxygen atom formed hydrogen bond whereas, 

dimethyl benzene and other benzene rings were interacted with His85 and Phe264, respectively. 

Similarly, in 5c-docking complex one hydrogen and three hydrophobic interactions were 

observed as mentioned in (Fig. 7A, B). Prior docking studies showed that the significance of 

these amino acids in bonding with other tyrosinase inhibitors supports our docking results [24-

26, 33]. 
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Fig. 6. 3D and 2D-docking depiction of 5b complex against tyrosinase. 

 

Fig. 7 (A and B). 2D-docking depiction of 5a and 5c complex against tyrosinase. 

3.2.6. Molecular dynamic simulations  

3.2.6.1. RMSD and RMSF analysis  

To assess the residual flexibility of receptor through MD simulation RMSD and RMSF 

graphs were generated to evaluate the protein structural behavior. The RMSD graph result of 5b 

interprets the protein residual deviation in a 100 ns simulation time frame. Initially, the graph 

line showed an increasing trend from 0-40 ns having RMSD value range from 0.25 and 2.00 Å 

for backbone residues. The generated RMSD graph showed little stability from 20 to 40 ns, 

however, the graph fluctuations were higher at 40 ns compared to 10, 20 and 30 ns. After that, 

the promising result was observed and the graph line remained stable until 100 ns having 

constant RMSD value 2.00 Å. The overall RMSD analysis showed that fluctuations in a graph in 

the whole simulation are within the standard range of RMSD 1-3 Å which showed backbone 

stability in docking (Fig. 8). The RMSF is useful for characterizing local changes along with the 

protein structure. The generated plot indicated protein behavior fluctuations during the 
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simulation in Cα and backbone residues. The overall results showed that N- and C-terminals loop 

regions showed little fluctuations whereas, residues around 170-200 depicted high fluctuations in 

100 ns simulation (Fig. 9). 

 

Fig. 8. RMSD graph of 5b docking complex at 100 ns. 

 

Fig. 9. RMSF graph of 5b docking complex at 100 ns. 

4. Conclusion 

In summary, all the newly synthesized N-(substituted-phenyl)-4-(4-phenyl-1-

piperazinyl)butanamide derivatives (5a-c) demonstrated superb tyrosinase inhibitory activity. 

Among them, the compound 5b displayed excellent activity with an IC50 value (0.258 ± 0.024 

µM) relative to that of standard kojic acid (16.841 ± 1.146 µM). In silico computational studies 

of all compounds also augmented the in vitro analysis, whereby these molecules exhibited strong 

interactions with the target protein and formed stable complexes with tyrosinase. In vivo anti-

melenogenic results also exposed that 5b significantly reduced the amount of pigments, without 
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any damage to the zebrafish. These butanamides also exhibited mild cytotoxicity towards red 

blood cell membranes. So, it was concluded from the whole study that these molecules were 

good therapeutic agents, in general. However, 5b, in particular, might serve as a superb 

tyrosinase inhibitor and an excellent anti-melanogenic agent for the treatment of skin related 

ailments. 
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Highlights 

 

• Butanamides compounds were synthesized for the treatment of melanogenesis. 

• In In-Vitro study we have performed Enzyme inhibition and kinetic analysis 

• In-Vivo study also performed using Zebrafish model for melanogenesis 

• In Computational study Molecular Docking and Simulation also performed 

• Overall Compounds showed best results as compared to standard in all studies 
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