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Abstract 

In this work, 11 novel compounds based on vaniline and benzylidenehydrazine structure were synthesized with vari-
ous substituents on phenyl aromatic ring of the molecule and evaluated as tyrosinase inhibitors. These new deriva-
tives showed significant anti-tyrosinase activities, among which 4i demonstrated to be the most potent compound, 
with IC50 values of 1.58 µM . The structure–activity relationship study of the novel constructed analogs was fully 
discussed. Kinetic study of compound 4i showed uncompetitive inhibition towards tyrosinase. Furthermore, the high 
potency of 4i was supported theoretically by molecular docking evaluations.
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Introduction
Melanin as the main dark macromolecular pigment is 
responsible for skin color and plays an important role in 
the protection of the skin against UV light induced dam-
age [1]. However, hyperpigmentation disorders have been 
suggested to be involved in melasma, freckles, melanoma 
and responsible for serious and undesirable medicinal 
phenomena especially in elder people [2]. On the other 
hand, the major problem happened in food products 
including impairing the color, losing nutrition, texture 
and flavor. This unusual process results from the action 
of a group of enzymes especially tyrosinase (EC 1.14.18.1) 
as the rate-limiting enzyme which widely distributed 
in bacteria, fungi, plants and humans [3, 4]. The rate of 

enzymatic hyperpigmentation depends on the concentra-
tion of phenolic substrates, oxygen, reactive oxygen and 
nitrogen species, pH, temperature and tyrosinase [5]. 
In addition, tyrosinase inhibitors are becoming impor-
tant in the cosmetic industry, due to their skin-whiten-
ing agents [6]. Furthermore, it has been reported that 
tyrosinase might contribute to the autoimmune disease 
[7], dopamine neurotoxicity and neurodegenerative dis-
order [8, 9]. These findings encouraged researchers to 
identify effective tyrosinase inhibitors for various appli-
cations in the food, cosmetics, and medicinal industries. 
Tyrosinase multifunctional copper-containing enzyme 
possesses both monophenolase and diphenolase activity 
which involved in catalyzing the hydroxylation of tyros-
ine (monophenolase activity) to 3,4-dihydroxyphenylala-
nine (o-diphenol or DOPA), and the oxidation of DOPA 
to dopaquinone (o-quinone) [10].

The literature survey reveals that a large number of 
tyrosinase inhibitors have been discovered from natural, 
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synthetic and semi-synthetic sources including tropolone 
derivatives [11], hydroquinone derivatives, kojic acid 
[12], arbutin, bibenzyl glycosides [13]. Despite a large 
number of reported tyrosinase inhibitors, due to limita-
tions of tyrosinase antagonism including safety and low 
efficacy, designing of new tyrosinase inhibitors is high 
demand [14, 15].

Results and discussion
Design of novel vaniline‑benzylidenehydrazine hybrid
Tyrosine (Tyr), (Fig. 1, A) is one of the natural ligands of 
tyrosinase and modified synthetic derivatives of tyrosine 
have been proved to exhibit potent anti-tyrosinase activ-
ity [14]. As a result, this skeleton was chosen for further 
modification. Most of the used tyrosinase inhibitors such 
as kojic acid, p-coumaric acid (Fig. 1, B) arbutine (Fig. 1, 
C) hydroxy-Nʹ-methylenebenzohydrazide [16] and oxy-
resveratrol containing free phenolic hydroxyl group [17]. 
The simple phenols such as hydroquinone, resorcin and 
its derivatives have been reported as potent phenolic 
inhibitors of the tyrosinase [1]. Phenols as small and 
natural compounds could be useful in the designing of 
more potent inhibitors. Vanillin as a natural product and 
flavoring agent is extensively used in food and cosmet-
ics (Fig. 1, D) with consumption of around 200 tons each 
year [18].

The vanillin derivatives were reported to exhibit 
promising anti-tyrosinase activities, with the IC50 

values of 16.13  µM for the most potent compound. 
Besides, the molecular docking study confirmed the 
role of phenols motif in H-bound interaction with 
Ser206 residue.

•	 As part of our efforts in identifying tyrosinase can-
didate inhibitor, we became interested in hybrids 
obtained by linking of vanillin and some fragments of 
l-tyrosine.

•	 As a result molecule E was designed to explore the 
structural requirements of tyrosinase-inhibitory 
activity including the one methoxyl on meta and 
one hydroxy group on para position of the phe-
nyl ring based on vanillin structure and previously 
reported inhibitor. Structural modifications were 
performed on linker type and length of l-tyrosine 
and p-coumaric acid. As a result, acyl hydrazide was 
supposedly aimed at structurally stability, reducing 
the probability of cleavage, the capability to involve 
in hydrogen bond interaction and expanding the 
opportunity for further derivatization. The num-
ber of reported aromatic aldehydes possessing anti-
tyrosinase activity containing electron-donating or 
electron-withdrawing groups on 3 or 4 positions of 
benzene ring [19] has been selected for their poten-
tial inhibition of tyrosinase.

Fig. 1  Design of new compounds targeting tyrosinase based on the hybridization strategies
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Chemistry
The general synthetic routes for preparing the target 
compounds are illustrated in Scheme 1.

The 4-hydroxy-3-methoxybenzohydrazide interme-
diate (3, Scheme  1) were prepared using commercially 
available methyl 4-hydroxy-3-methoxybenzoate (1, 
Scheme 1) and hydrazine hydrate (2, Scheme 1) in reflux-
ing ethanol in the presence of catalytic amounts of ace-
tic acid under simple nucleophilic substitution reaction 
and completion of the reaction was monitored by TLC to 
give compound [20]. The treatment of 3 with an appro-
priate aldehyde in the presence of acetic acid in 2-pro-
panol yielded the desired final products 4a–k (80–92%) 
[21]. Structural determination and signal assignments 
of the final compounds were accomplished by the appli-
cation of IR, MASS and NMR experiments. 1H and 13C 
spectra are available in Additional file 1. The peaks that 
caught our particular attention were 13C spectra of 4b 
(para-substituted derivatives) in which 13 carbon signal 
was expected to be seen, since 15 signals were observed. 
The same pattern were observed for other para-substi-
tuted compounds (4c, 4e and 4f). There is evidence of the 
hydrazine motif presence that the two ortho ring carbons 
(Fig. 2. carbons 2 and 6, compound 4b, 4c and 4e) and 
the two meta ring carbons (carbons 3 and 5 compound 
4b, 4c and 4e) are magnetically inequivalent (although 
equivalent by symmetry) and each gives different 13C sin-
gle peak. Similar evidence was reported in previous stud-
ies containing hydrazine linker [20, 22].

Tyrosinase inhibitory activity
The series of vaniline-benzylidenehydrazine conjugates 
underwent biological screening for their inhibitory 
potential against tyrosinase. All data of 11 benzylidene-
hydrazine-tyrosinase derivatives and kojic acid as refer-
ence compounds were summarized in Table 1.

A survey on the IC50 values against the tyrosinase 
enzyme revealed that all compounds had significant 
inhibitory activity at micro-molar levels with IC50 val-
ues ranging from 1.58 to 37.09  μM. To find the influ-
ence of the type of substitution of the aryl ring on the 
potency of compounds the structure–activity analyses 
have been performed.

As it is obvious in Table 1, the aromatic ring substitu-
ents had a significant effect on tyrosinase inhibition.

Scheme 1  Synthesis of (E)-Nʹ-benzylidene-4-hydroxy-3-methoxybenzohydrazide derivatives 4a–k 

Fig. 2  Para-substituted derivatives of benzylidene-4-hydroxy-3-meth
oxybenzohydrazide
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•	 Enzymatic assays revealed that compounds 4i 
and 4e exhibited the best activities against tyrosi-
nase enzyme with IC50 values of 1.58 and 1.95 μM 
respectively, surpassing that of the positive control 
kojic acid (IC50  =  9.3 μM).

•	 The comparison of nitro-substituted compounds 
4f, 4j and 4k demonstrated that the introduction 
of the nitro group resulted in the improvement of 
inhibitory activity. The activity of these analogs 
changes in the following order: meta > orto > para. 
Moreover, high potency of the compounds with the 
strong electron-withdrawing substituent for inhibi-
tion of tyrosinase enzyme was also observed.

•	 In the case of compounds containing only OH sub-
stituent on the benzene ring, moderate inhibi-
tory activity was observed. In this respect, com-
pounds 4a possessing 2, 4-OH substitutions 
(IC50 =  37.09 ± 1.02 μM) and 4b with 4-OH sub-
stitutions (IC50  =  15.21 ± 1.34 μM) on the benzene 
ring demonstrated moderate potencies. Surprisingly, 
adding extra methoxy group with electron-donat-
ing properties on the benzene ring can increase the 
inhibitory activity significantly like 4h with IC50 of 
10.00 µM and 4 g with IC50 of 4.58 µM.

•	 Analyzing the isosteric substitution of a hydroxyl 
group with OMe substituent (4c, 4d, 4g and 4h) 

Table 1  Biological evaluation of  the  inhibitory activity of  (E)-Nʹ-benzylidene-4-hydroxy-3-methoxybenzohydrazide 
derivatives and kojic acid against tyrosinase enzyme in the presence of L-DOPA as the substrate

a  Data presented here are the mean ± SEM of three to five independent experiments
b  Reference compound

Compounds R IC50 (µM)a Compounds R IC50 (µM) a

4a 37.09 ± 1.02 4g 4.58 ± 1.23

4b 15.21 ± 1.34 4h 10.00 ± 1.6

4c 35.63 ± 2.8 4i 1.58 ± 2.76

4d 20.95 ± 2.09 4j 17.01 ± 2.03

4e 1.95 ± 2.34 4k 5.84 ± 1.9

4f 29.06 ± 0.89 Kojic acidb 9.3 ± 1.27
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showed the desired IC50 value. The low inhibitory 
activity was observed in compound 4c with one OMe 
groups while 4g with two OMe groups in 3,5 posi-
tions and one OH on 4 position was revealed higher 
potency (IC50 =  4.58 ± 1.23 μM). The effects of the 
OMe group depending on their position, bulkiness as 
well as the presence of the potential hydrogen bond.

•	 The effect of the length of the etheric moiety of the 
benzene aromatic ring was also studied. Accord-
ingly, replacing the methoxy group with ethoxy chain 
4i did improve the inhibitory potency significantly 
(IC50 =  1.58 ± 2.76 μM) which was around sixfold 
more potent than reference drug kojic acid.

•	 Biological evaluation of motifs at the para-position 
of the phenyl ring suggesting the importance of the 
hydrophobic character for the interaction with the 
enzyme. Compound 4e with the Br substituent on 
the para-position exhibits the promising activity 
with the IC50 values of 1.95 μM. Compounds 4b and 
4c with OH or OMe group in the same position are 
slightly weaker inhibitors.

Kinetic study of tyrosinase inhibition
To gain further  insight  into the mechanism of action 
of this family of tyrosine-like compounds, a  kinetic 
study  was carried out with the most promising inhibi-
tors of tyrosinase enzyme.  Lineweaver–Burk plot was 
obtained for 4i the most potent inhibitor with L-DOPA 
as the substrate the data summarized in  Table  2 and 
Fig. 3. The inhibition constants, Ki, and Vm for tyrosinase 
inhibitors were determined by fitting the kinetic data to a 
competitive, noncompetitive, or mixed inhibition model 
by nonlinear regression analysis using GraphPad Prism. 
As shown in Fig.  3, with increasing concentrations of 
compound 4i, the Km and Vm decreased. Therefore, this 
compound is a uncompetitive inhibitor for the tyrosinase 
enzyme. 

Molecular docking analysis
Tyrosinase enzyme structure contains two H subunits 
with 392 residues and two L subunits with 150 residues. 
The H subunit of tyrosinase contains a binuclear copper 
site in which three histidine residues name His61, His85 
and His94 interact with first copper ion and the second 
Cu ion coordinated with His259, His263, and His296. The 
most important factor involved in tyrosinase inhibition 
is trapping histidine amino acid coordinated with Cu ion 
which played an important role in the activity.

In order to gain insight into the interactions and bind-
ing mode of the synthesized compounds in the active 
site of tyrosinase enzyme, the molecular docking analy-
sis was performed. The 3D coordinate of the tyrosinase 

Table 2  Kinetic parameters for  the  compounds 4i 
against mushroom tyrosinase inhibition assay

Compound Km (mM) Vm (OD/Min)

4i (0 µM) 61.489 1.68

4i (10 µM) 11.18 0.18

4i (25 µM) 12.08 0.17
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(PDB ID: 2Y9X) in complex with tropolone was retrieved 
from Protein Data Bank (PDB) at http://www.rcsb.org/
pdb/home/home.do. Before docking targeted protein and 
synthetic derivatives were prepared and the best pose 
with the lowest binding energy was selected for further 
analysis. Docking validation was done by extracting the 
structure of the co-crystallized ligand and re-docking it 
into the receptor (self-docking) with an RMSD of 2.49 Å.

The compound 4i showed excellent anti-tyrosinase 
activity with IC50 of 1.58  µM, due to the presence of 
O–CH2–CH3 as a bulky electron-donating group on 
the 3rd position and OH on the 4th position of the phe-
nyl ring. This orientation of the 4i enables it to make a 
hydrogen bond of ethoxy moiety with His85 (Fig.  4). In 
this position, the 3-ethoxy-4-hydroxybenzylidene ring 
was well fitted in the active site through π-aryl inter-
action with Ala286 and Val283. The 4-OH of hydroxy 
benzylidene ring from two interactions with the imida-
zole group of His85 (2.03 Å) and His263 (2.7 Å). NH of 
hydrazine linker was involved in H-bond interactions 
with CO of the backbone of Gly281 (distance 2.70 Å) 
while the Nʹ atom of hydrazine linker formed H-bond 
interaction with Val283 (distance: 3.01 Å). The carbonyl 

moieties of 4i created additional hydrogen bond interac-
tion with Val283 (distance: 2.23 Å). On the other side of 
the ligand, the plain structure of benzyl moiety contrib-
utes to making a staking interaction with Pro277. In this 
situation, the methoxy group binds to Arg268 through 
H-bound interaction. Detailed molecular docking stud-
ies confirmed the importance of hydrophobic and hydro-
gen bonds interactions between 4i as inhibitor and 
tyrosinase.

Conclusion
The presence of phenolic structural features may help 
in the designing of more potent tyrosinase inhibitors. 
Novel 11 vaniline-benzylidenehydrazine hybrids were 
investigated as tyrosinase inhibitor. The results showed 
that four compounds have high tyrosinase inhibitory 
activities with IC50 values below positive control. Among 
them, 4i derivative showed the best antityrosinase activ-
ity (IC50  =  1.58 ± 2.76  µM), 6 times better in compari-
son with kojic acid (IC50  =  9.3 ± 1.27 µM) followed 
by 4e with IC50 of 1.95. Moreover, it is worth mention-
ing that 4i showed a competitive inhibition mode of 
action. Inspection of the chemical structures, it can be 

Fig. 4  The binding mode of compound of 4i within mushroom tyrosinase (PDB ID: 2Y9X) active site. 4i is presented in orange. Only important 
residues for binding are shown. Hydrogen bonds interactions were depicted in green, van der Waals interaction were depicted in green, interaction 
with metal ions were depicted in the green line, π–π and π–aryl stacking interactions were depicted in pink

http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
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concluded that the tyrosinase inhibitory activity was 
related to the substituent groups at C3 and C4 positions 
of benzohydrazide moiety. The free OH group at para 
positions of the benzyl ring increased the hydrophilicity 
and H-bound interaction capability in this region which 
fulfills the minimum structural features of novel designed 
compounds. The SAR study by the modification of sub-
stituent revealed that optimum bulkiness at meta posi-
tions of the benzyl ring can also improve the inhibition 
potential of compounds. Docking simulation showed that 
the 4i illustrated a lot of interactions with the active site 
of tyrosinase. And the potential may be due to the for-
mation of strong interactions with His85, His263 through 
copper ion and hydrogen bonds interaction with Arg268, 
Gly281 and Val283 as well as π-aryl and Van der Waals 
interactions with the amino acid residues located inside 
the active site.

The straightforward synthesis and high potency  of 
newly designed tyrosine-like compounds 4a–k introduce 
them as attractive lead compounds towards the discovery 
of effective tyrosinase inhibitors.

Material and method
Chemistry
All reagents were reagent grade quality and obtained 
from Sigma-Aldrich (Prague, Czech Republic). The reac-
tion process was monitored using thin layer chromatog-
raphy on the glass-backed silica gel sheets (Silica Gel 60 
GF254) and visualized under UV light (254  nm). Col-
umn chromatography was performed on silica gel (90–
150 mm; Merck Chemical Inc.). 1H and 13C NMR spectra 
were determined by a Bruker FT-300 MHz spectrometer 
in DMSO-d6. All the chemical shifts were reported as 
(δ) values (ppm). Mass spectra were obtained on Agilent 
7890A spectrometer at 70  eV. The infrared (IR) spec-
tra were run as KBr disk on Perki-Elmer Spectrum RXI 
FTIR.

Procedure for the synthesis of methyl 
4‑hydroxy‑3‑methoxybenzoate (3)
Methyl 4-hydroxy-3-methoxybenzoate (1, 10 mmol) and 
hydrazine hydrate (2, 30  mmol) were added to 100 mL 
EtOH in the presence of catalytic amount of acetic acid. 
The mixture was refluxed for 24  h. The filtered residue 
was purified by recrystallization in ethanol. The residues 
was then washed three times with 5 mL cold ethanol. 
Finally, the solid was dried in a vacuum at 50  °C to give 
3 without further purification. White solid, 93% yield. 
Melting point: 135.0 °C

General procedure for the synthesis of compounds 4a–k
Methyl 4-hydroxy-3-methoxybenzoate (3, 2  mmol) was 
then added into 20  mL 2-propanol as a solvent. To the 

resulting solution different selected aldehyde (2.2 mmol) 
were added. On completion of reaction (TLC) the precip-
itate were filtered and recrystallized from ethanol. Sub-
sequently dried under reduced pressure to provide the 
(4a–i) product.

Synthesis of  (E)‑Nʹ‑(2,4‑dihydroxybenzylidene)‑4‑hydro
xy‑3‑methoxybenzohydrazide (4a)  Compound 4a was 
prepared by the described procedure to afford pure yel-
low crystalline solid. Yield: 79%; Melting point: 243.0 °C; 
FT-IR (KBr): υ = 3524, 3420, 3164, 2875, 1640, 1613, 1259; 
1HNMR (300  MHz, DMSO-d6, ppm): δH 11.42 (s, 1H, 
hydrazine-N–H), 11.37 (s, 1H, 2,4-dihydroxybenzylidene-
N=CH), 11.06 (s, 1H, 2,4-dihydroxybenzylidene-OH), 
10.18 (s, 1H, 2,4-dihydroxybenzylidene-OH), 9.93 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-OH), 8.19 (m, 2H, 
4-hydroxy-3-methoxybenzohydrazide-C2,6-H), 8.13 (s, 
1H, 4-hydroxy-3-methoxy benzohydrazide-C5-H), 7.39 
(d, J = 6.0 Hz, 1H, 2,4-dihydroxybenzylidene-C3-H), 7.26 
(d, J = 6.0 Hz, 2H, 2,4-dihydroxybenzylidene-C5,6-H), 3.83 
(s, 3H, 4-hydroxy-3-methoxy benzohydrazide-OCH3); 
13C NMR (DMSO d6, 125 MHz): δc (ppm) = 163.9, 159.7, 
150.4, 147.7, 129.2, 125.9, 124.8, 121.6, 121.3, 120.0, 116.2, 
115.4, 111.9, 109.7, 56.2; MS (EI) m/z (%): 302 (M+, 5), 194 
(40), 151 (30), 135 (100), 123 (18), 60 (35), 43 (30).

Synthesis of  (E)‑4‑hydroxy‑Nʹ‑(4‑hydroxybenzylidene)‑3
‑methoxybenzohydrazide (4b)  Golden powder; Yield: 
75%; Melting point: 256 °C; FT-IR (KBr): υ = 3521, 3405, 
3024, 2870, 1646, 1605, 1269; 1HNMR (300 MHz, DMSO-
d6, ppm): δH 11.45 (s, 1H, hydrazine-N-H), 9.92 (s, 1H, 
4-hydroxybenzylidene-N=CH), 9.71 (s, 1H, 4-hydroxy-
benzylidene-OH), 8.34 (s, 1H, 4-hydroxy-3-methoxy 
benzohydrazide-OH), 7.48 (m, 2H, 4-hydroxyben-
zylidene-C2,6-H), 7.44 (m, 2H, 4-hydroxy-3-methoxy-C2,6-
H), 6.86 (m, 3H, 4-hydroxy-3-methoxy benzohydrazide-
C5-H and 4-hydroxybenzylidene-C3,5-H), 3.85 (s, 3H, 
4-hydroxy-3-methoxy benzohydrazide-OCH3); 13C NMR 
(DMSO d6, 125  MHz): δc (ppm) = 163.9, 159.7, 150.4, 
147.7, 129.2, 125.9, 124.8, 121.6, 121.3, 120.0, 116.2, 115.4, 
111.9, 109.7, 56.2; MS (EI) m/z (%): 286 (M+, 10), 167 (40), 
151 (100), 136 (11), 123 (20), 108 (10), 77 (112).

Synthesis of  (E)‑4‑hydroxy‑3‑methoxy‑Nʹ‑(4‑methoxyb
enzylidene)benzohydrazide (4c)  White powder; Yield: 
76%; Melting point: 110.0  °C; FT-IR (KBr): υ = 3523, 
3393, 3016, 2841, 1509, 1364, 1209. 1HNMR (300 MHz, 
DMSO-d6, ppm): δH 11.55 (s, 1H, hydrazine-N–H), 9.76 
(s, 1H, 4-methoxybenzylidene-N=CH), 8.40 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-OH), 7.67 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-C2-H), 7.50 (brs, 
1H, 4-hydroxy-3-methoxy benzohydrazide-C6-H), 7.46 (d, 
J = 6.0 Hz, 2H, 4-methoxybenzylidene-C2,6-H), 7.01 (brs, 
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1H, 4-hydroxy-3-methoxy benzohydrazide-C5-H), 6.89 
(d, J = 6.0 Hz, 2H, 4-methoxybenzylidene-C3,5-H), 3.85 (s, 
3H, 4-hydroxy-3-methoxybenzohydrazide-OCH3), 3.80 
(s, 3H, 4-methoxybenzylidene-OCH3); 13CNMR (DMSO-
d6, 125 MHz): δc (ppm) = 163.1, 161.1, 150.5, 149.7, 148.4, 
138.3, 129.0, 127.5, 124.7, 121.7, 118.4, 115.4, 114.8, 112.0, 
56.1, 55.7; MS (EI) m/z (%): 300 (M+, 50), 268 (10), 168 
(85), 151 (100), 123 (15), 105 (12), 77 (10).

Synthesis of  (E)‑Nʹ‑(3,4‑dimethoxybenzylidene)‑4‑hy
droxy‑3‑methoxy benzohydrazide (4d)  White pow-
der; Yield: 75%; Melting point: 231.0  °C; FT-IR (KBr): 
υ = 3313, 3009, 2964, 2838, 1639, 1597, 1364; 1HNMR 
(300 MHz, DMSO-d6, ppm): δH 11.58 (s, 1H, hydrazine-
N–H), 9.74 (s, 1H, dimethoxybenzylidene-N=CH), 8.39 
(s, 1H, 4-hydroxy-3-methoxy benzohydrazide-OH), 7.50 
(s, 1H, 3,4-dimethoxybenzylidene-C2-H), 7.39 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-C2-H), 7.18 (brs, 
1H, 4-hydroxy-3-methoxy benzohydrazide-C6-H), 7.02 
(m, 2H, 3,4-dimethoxybenzylidene-C6-H and 4-hydroxy-
3-methoxy benzohydrazide-C5-H), 6.89 (d, J = 6.0  Hz, 
1H, 3,4-dimethoxybenzylidene-C5-H), 3.85 (s, 3H, 
4-hydroxy-3-methoxy benzohydrazide-OCH3), 3.81 (s, 
6H, 3,4-dimethoxybenzylidene-2(OCH3)); 13C NMR 
(DMSO-d6, 125  MHz): δc (ppm) = 163.1, 151.7, 150.5, 
149.5, 147.7, 127.6, 124.7, 122.2, 122.0, 121.7, 115.4, 112.0, 
111.9, 108.58, 56.2, 56.0, 55.9; MS (EI) m/z (%): 330 (M+, 
18), 207 (5), 180 (20), 167 (40), 151 (100), 123 (20), 77 (10), 
65 (12).

Synthesis of  (E)‑Nʹ‑(4‑bromobenzylidene)‑4‑hydroxy‑3
‑methoxybenzohydrazide (4e)  Yellow powder; Yield: 
91%; Melting point: 115.0  °C; FT-IR (KBr): υ = 3331, 
3046, 2929, 2839, 1654, 1593, 1438; 1HNMR (300 MHz, 
DMSO-d6,ppm): δH 12.46 (s, 1H, hydrazine-N–H), 
11.85 (s, 1H, 4-bromobenzylidene-N=CH), 8.43 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-OH), 7.90 (s, 
1H, 4-hydroxy-3-methoxy benzohydrazide-C2-H), 7.68 
(m, 4H, 4-bromobenzylidene C2,3,5,6-H), 6.53 (brs, 2H, 
4-hydroxy-3-methoxy benzohydrazide-C5,6-H), 3.80 (s, 
3H, 4-hydroxy-3-methoxy benzohydrazide-OCH3); 13C 
NMR (DMSO-d6, 125  MHz): δc (ppm) = 164.8, 163.4, 
161.7, 150.0, 149.9, 146.5, 132.9, 131.3, 129.0, 128.5, 122.9, 
106.9, 105.9, 100.8, 54.9; MS (EI) m/z (%): 348 (M+2, 6), 
348 (M, 6), 167 (40), 151 (100), 123 (20), 89 (12).

Synthesis of  (E)‑4‑hydroxy‑3‑methoxy‑Nʹ‑(4‑nitroben
zylidene)benzohydrazide (4f)  Yellow powder; Yield: 
81%; Melting point: 195.0  °C; FT-IR (KBr): υ = 3093, 
2970, 2927, 2840, 1643, 1621, 1523, 1477; 1HNMR 
(300 MHz, DMSO-d6, ppm): δH 12.22 (s, 1H, hydrazine-
N-H), 11.98 (s, 1H, 4-nitrobenzylidene-N=CH), 8.55 
(s, 1H, 4-hydroxy-3-methoxy benzohydrazide-OH), 

8.30 (s, 1H, 4-hydroxy-3-methoxy benzohydrazide-
C2-H), 7.99 (m, 2H, 4-nitrobenzylidene-C3,5-H), 7.91 
(m, 2H, 4-nitrobenzylidene-C2,6-H), 6.57 (m, 2H, 
4-hydroxy-3-methoxy-benzohydrazide-C5,6-H), 3.80 (s, 
3H, 4-hydroxy-3-methoxy benzohydrazide-OCH3); 13C 
NMR (DMSO-d6, 125  MHz): δc (ppm) = 163.5, 163.5, 
162.5, 161.5, 147.4, 145.1, 144.9, 140.0, 129.3, 127.5, 
123.5, 106.9, 106.0, 101.0, 54.9; MS (EI) m/z (%): 315 
(M+, 10), 167 (20), 151 (100), 135 (10), 123 (18), 108 (18), 
59 (24).

Synthesis of  (E)‑4‑hydroxy‑Nʹ‑(4‑hydroxy‑3,5‑dimethoxyb
enzylidene)‑3‑methoxy benzohydrazide (4g)  White pow-
der; Yield: 85%, Melting point:151 °C; FT-IR (KBr): υ = 3521, 
3434, 3227, 2965, 1643, 1558, 1426; 1HNMR (300 MHz, 
DMSO-d6, ppm): δH 11.52 (s, 1H, hydrazine-N–H), 9.73 (s, 
1H, 4-hydroxy-3,5-dimethoxybenzylidene-N=CH), 8.91 
(s, 1H, 4-hydroxy-3-methoxy benzohydrazide-OH), 8.34 
(s, 1H, 4-hydroxy-3,5-dimethoxybenzylidene-OH), 7.46 
(s, 1H, 4-hydroxy-3-methoxybenzohydrazide–C2–H), 
7.44 (s, 1H, 4-hydroxy-3-methoxybenzohydrazide–C6–
H), 6.89 (brs, 2H, 4-hydroxy-3,5-dimethoxybenzylidene 
–C2,6–H), 6.87 (brs, 1H, 4-hydroxy-3-methoxybenzohy-
drazide–C5–H), 3.85 (s, 3H, 4-hydroxy-3-methoxy benzo-
hydrazide-OCH3), 3.82 (s, 6H, 4-hydroxy-3,5-dimethoxy-
benzylidene-2(OCH3)); 13C NMR (DMSO-d6, 125 MHz): 
δc (ppm) = 163.0, 157.7, 150.5, 148.6, 148.2, 147.7, 138.3, 
125.2, 124.8, 121.7, 115.4, 112.1, 112.0, 104.9, 56.5, 56.4, 
56.2; MS (EI) m/z (%): 346 (M+, 15), 196 (10), 179 (15), 167 
(30), 151 (100), 135 (10), 123 (20), 108 (10).

Synthesis of  (E)‑4‑hydroxy‑Nʹ‑(3‑hydroxy‑4‑methoxy
benzylidene)‑3‑methoxybenzohydrazide (4h)  White 
powder; Yield: 90%; Melting point: 98.0  °C; FT-IR 
(KBr): υ = 3246, 3087, 3227, 2838, 1598, 1356, 1212; 
1HNMR (300  MHz, DMSO-d6, ppm): δH 11.49 (s, 1H, 
hydrazine-N–H), 9.74 (s, 1H, 3-hydroxy-4-methoxy-
benzylidene-N=CH), 9.35 (s, 1H, OH), 8.30 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-OH), 7.49 (s, 
1H, 4-hydroxy-3-methoxy benzohydrazide-C2–H), 
7.45 (d, J = 6.0  Hz, 1H, 4-hydroxy-3-methoxy benzo-
hydrazide-C6–H), 7.28 (s, 1H, 3-hydroxy-4-methoxy-
benzylidene-C2–H), 7.05 (d, J = 6.0 Hz, 1H, 4-hydroxy-
3-methoxy benzohydrazide-C5–H), 6.97 (d, J = 6.0  Hz, 
1H, 3-hydroxy-4-methoxybenzylidene-C6–H), 6.88 
(d, J = 6.0  Hz, 1H, 3-hydroxy-4-methoxybenzylidene-
C5–H), 3.85 (brs, 3H, 3-hydroxy-4-methoxybenzylidene-
OCH3), 3.81 (brs, 3H, 4-hydroxy-3-methoxy benzohy-
drazide-OCH3); 13C NMR (DMSO-d6, 125  MHz): δc 
(ppm) = 163.0, 150.5, 150.1, 147.7, 147.6, 147.3, 127.8, 
124.8, 121.7, 120.6, 115.4, 112.7, 112.3, 112.0, 56.2, 56.0; 
MS (EI) m/z (%): 316 (M+, 12), 180 (10), 167 (40), 151 
(100), 134 (15), 123 (20), 106 (10).
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Synthesis of  (E)‑Nʹ‑(3‑ethoxy‑4‑hydroxybenzylidene)‑4‑h
ydroxy‑3‑methoxybenzohydrazide (4i)  White powder; 
Yield: 76%; Melting point: 114.0 °C; FT-IR (KBr): υ = 3424, 
3301, 3080, 2975, 1504, 1371, 1271; 1HNMR (300  MHz 
DMSO-d6, ppm): δH 12.63 (s, 1H, hydrazine-N–H), 11.65 
(s, 1H, 3-ethoxy-4-hydroxybenzylidene-N=CH), 9.55 (s, 
1H, 3-ethoxy-4-hydroxybenzylidene-OH), 8.34 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-OH), 7.91 (m, 
2H, 4-hydroxy-3-methoxy benzohydrazide–C2–H and 
3-ethoxy-4-hydroxybenzylidene-C2–H), 7.31 (brs, 1H, 
4-hydroxy-3-methoxy benzohydrazide–C6–H), 7.11 (brs, 
1H, 3-ethoxy-4-hydroxybenzylidene-C6–H), 6.87 (s, 1H, 
3-ethoxy-4-hydroxybenzylidene-C5–H), 6.51 (brs, 1H, 
3-ethoxy-4-hydroxybenzylidene-C5–H), 4.07 (q, J = 6 Hz, 
2H, 3-ethoxy-4-hydroxybenzylidene-OCH2CH3), 3.80 
(s, 3H, 4-hydroxy-3-methoxy benzohydrazide-OCH3), 
1.37 (t, J = 6.0  Hz, 3H, 3-ethoxy-4-hydroxybenzylidene-
OCH2CH3); 13C NMR (DMSO-d6, 125  MHz): δc 
(ppm) = 164.6, 163.3, 161.8, 148.9, 146.6, 128.7, 124.9, 
121.7, 115.0, 109.7, 106.8, 105.8, 100.7, 100.4, 63.3, 55.5, 
54.9; MS (EI) m/z (%): 328 (M+, 15), 222 (10), 207 (5), 163 
(35), 151 (25), 135 (100), 123 (10), 105 (15).

Synthesis of  (E)‑4‑hydroxy‑3‑methoxy‑Nʹ‑(2‑nitrobenzy
lidene)benzohydrazide (4j)  White powder; Yield: 78%, 
Melting point: 151  °C; FT-IR (KBr): υ = 3093, 2970, 
2970, 2840, 1643, 1630, 1523, 1477; 1HNMR (300  MHz 
DMSO-d6, ppm): δH 12.22 (s, 1H, hydrazine-N–H), 
11.98 (s, 1H, 2-nitrobenzylidene-N=CH), 8.55 (s, 1H, 
4-hydroxy-3-methoxy benzohydrazide-OH), 8.31 (s, 
1H, 4-hydroxy-3-methoxy benzohydrazide–C2–H), 7.91 
(m, 4H, 2-nitrobenzylidene–C3,4,5,6–H), 6.51 (brs, 2H, 
4-hydroxy-3-methoxy benzohydrazide–C5,6–H), 3.81 (s, 
3H, 4-hydroxy-3-methoxy benzohydrazide-OCH3); 13C 
NMR (DMSO-d6, 125  MHz): δc (ppm) = 164.8, 163.5, 
162.5, 161.5, 147.4, 145.1, 144.9, 139.9, 129.3, 127.5, 123.5, 
106.9, 105.9, 100.8, 54.9; MS (EI) m/z (%): 315 (M+, 15), 
167 (10), 151 (100), 135 (10), 107 (10), 95 (8).

Synthesis of  (E)‑4‑hydroxy‑3‑methoxy‑Nʹ‑(3‑nitrobenzyl
idene)benzohydrazide (4k)  White powder; Yield: 88%, 
Melting point:151 °C; FT-IR (KBr): υ = 3091, 2970, 2970, 
2840, 1643, 1630, 1523, 1477; 1HNMR (300 MHz DMSO-
d6, ppm): δH 11.62 (s, 1H, hydrazine-N–H), 11.47 (s, 1H, 
3-nitro benzylidene-N=CH), 8.48 (s, 1H, 4-hydroxy-
3-methoxy benzohydrazide-OH), 8.42 (s, 1H, 3-nitroben-
zylidene–C2–H), 8.22 (m, 2H, 4-hydroxy-3-methoxy 
benzohydrazide–C2–H and 3-nitrobenzylidene–C4–H), 
8.08 (m, 2H, 3-nitrobenzylidene–C5,6–H), 7.71 (m, 2H, 
4-hydroxy-3-methoxy benzohydrazide-C5,6-H), 3.37 (s, 
3H, 4-hydroxy-3-methoxy benzohydrazide-OCH3); 13C 
NMR (DMSO-d6, 125  MHz): δc (ppm) = 171.6, 165.4, 
147.6, 142.6, 139.6, 135.6, 132.6, 132.1, 129.8, 123.5, 

123.3, 120.3, 120.1, 21.1, 19.7; MS (EI) m/z (%):315 (M+, 
15), 167 (10), 151 (100), 135 (10), 107 (10), 95 (8).

Mushroom tyrosinase inhibition assay
All test samples were first dissolved in DMSO at 
50  mM and diluted to the required concentrations. 
First, 10  ml of tyrosinase (0.5  mg  ml) was mixed with 
160 μl of 50 mM phosphate buffer (pH = 6.8) in 96-well 
microplates and then 10  μl of different concentration 
of the test sample was added. After 20  min incuba-
tion at 28  °C, 20 ml of L-Dopa solution (0.5 mM) was 
added to the phosphate buffer and the enzymatic activ-
ity was monitored by observing dopa quinone forma-
tion at 475  nm. DMSO without test compounds and 
kojic acid were used as the control and positive control 
respectively. The tyrosinase activity without inhibitor 
was defined as 100%. Each concentration was analyzed 
in three independent experiments run in triplicate. 
The inhibitory activity of the tested compounds was 
expressed as the concentration that inhibited 50% of 
the enzyme activity (IC50).

Determining the inhibition type
To determine the inhibition kinetics of vaniline-ben-
zylidenehydrazine a series of experiments were per-
formed. Different concentrations of the 4i (0, 10 and 
25  µM) was chosen to get a series of straight lines. 
Pre-incubation and measurement time were the 
same as discussed in mushroom tyrosinase inhibition 
assay protocol. The maximal velocity (Vmax) and the 
Michaelis constant (Km) of the tyrosinase activity were 
determined by the Line weaver Burk plot at various 
concentrations of L-DOPA (0.25, 0.5, 0.75 and 1  mM) 
as a substrate. The inhibition type of the enzyme was 
assayed by Line weaver Burk plots of inverse of veloci-
ties (1/V) versus inverse of substrate concentrations 1/
[S] mM.

Molecular docking study
The X-ray crystal structure of tyrosinase (PDB code: 
2Y9X) containing tropolone as the innate ligand in 
the binding site were obtained from protein data 
bank (http://www.rcsb.org). Water molecules and 
cognate ligand were excluded from 2Y9X, hydro-
gens were added, nonpolar hydrogens were merged 
and Gasteiger charges were calculated for protein. 3D 
structures of ligands were sketched and optimized (by 
molecular mechanics, MM+ and AM1, methods) using 
Hyperchem software. The PDBQT files were created 
by adding charges and defining the degree of torsions. 
The three-dimensional grids 60 * 60  * 60 (x, y, z) were 
created with a grid spacing of 0.375 Å and the cubic 

http://www.rcsb.org
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grids were centered on the binding site of native ligand 
comprise copper metal ions [23]. Lamarckian genetic 
algorithm (LGA) was applied to model the interaction/
binding between then ligand and the tyrosinase active 
site. For Lamarckian GA, 27,000. The other parameters 
were left at program default values. The final binding 
mode described in the manuscript was selected taking 
into account the best-ranked scoring functions.
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