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A B S T R A C T

We have carried out the synthesis of new 4-oxoquinazolin-3(4H)-yl)furan-2-carboxamide derivatives by the
reaction between isatoic anhydride, 2-furoic hydrazide and substituted salicylaldehydes in ethanol: water (5:5 v/
v) solvent system using p-TSA as a catalyst under ultrasound irradiation at room temperature. The structures of
newly synthesized compounds were confirmed through spectral techniques such as IR, 1H NMR, 13C NMR, and
LCMS. The important features of this protocol include simple and easy workup procedure, reaction carried out at
ambient temperature, use of ultrasound and high yield of oxoquinazolin-3(4H)-yl)furan-2-carboxamides in short
reaction time. The synthesized compounds 4a–4j were screened against tyrosinase enzyme and all these com-
pounds found to be potent inhibitors with much lower IC50 value of 0.028 ± 0.016 to 1.775 ± 0.947 µM than
the standard kojic acid (16.832 ± 1.162 µM). The kinetics mechanism for compound 4e was analyzed by
Lineweaver-Burk plots which revealed that compound inhibited tyrosinase non-competitively by forming an
enzyme-inhibitor complex. Along with this all the synthesized compounds (4a–4j) were scanned for their DPPH
free radical scavenging ability. The outputs received through in vitro and in silico analysis are coherent to the
each other with good binding energy values (kcal/mol) posed by synthesized ligands.

1. Introduction

Human Being is mostly exposed to ultraviolet (UV) radiation, which
results into generation of reactive oxygen species. Excessive reactive
oxygen species leads to induce skin injuries [1–3]. These UV radiations
are being absorbed by Melanin to protect skin cells [4]. Therefore, for
human health, normal skin pigmentation is very essential [5]. Gen-
erally, tyrosinase is highly cooperative in Melanin synthesis. Tyrosinase
is also known as polyphenol oxidase and is a copper-containing enzyme
that catalyzes several steps in the synthesis of melanin. It is widely
distributed in nature including plants, microorganism and animals [6].
It causes browning of vegetables, beverages, fruits and melanogenesis
in animals [7]. It catalyzes two distinct reactions of melanin synthesis
such as the hydroxylation of a monophenol (monophenolase activity)
and the conversion of an o-diphenol to the corresponding o-quinone

(diphenolase activity) [8]. Along with this, tyrosinase have many other
functions like detoxification of host plant defensive phenols for sym-
biotic bacteria [9,10] and synthesis of amino acid based antibiotics
[11]. In relation to hyperpigmentation, tyrosinase inhibitors have be-
come increasingly important in medicinal [12] and cosmetic [13]
products. Therefore, design and synthesis of tyrosinase inhibitors is
demanding and challenging task before the researchers working in
medicinal field.

Quinazolinones are one of the most important heterocyclic struc-
tures. It is bicyclic compound possessing a pyrimidine system fused at
position 5 and 6 with a benzene ring. They are one of the most im-
portant groups of heterocycles in medicinal chemistry [14]. They pos-
sess diverse biological activities such as antibacterial, antifungal, an-
ticonvulsant, anti-inflammatory, anti-HIV, anticancer and analgesic
[15–25]. Many commercialized drugs have quinazolinone moiety in
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their structures, for example Albaconazole (Fig. 1a) used as antifungal
agent, Gifitinib(Fig. 1b) used for breast and lung cancer, RH –
34(Fig. 1c) acts as a potent and selective partial agonist for the 5-HT2A
serotonin receptor, Selurampanel (Fig. 1d) for the treatment of epi-
lepsy, Nolatrexed (Fig. 1e) is a thymidylate synthase inhibitor and Li-
nagliptin (Fig. 1f) for diabetes mellitus type 2. Recent years also wit-
nessed that the quinazolinone derivatives are important scaffold in the
pharmaceutical chemistry [26–31]. Variety of methods are available
[32,33] for their synthesis with some drawbacks such as use of toxic
and costly catalyst, lower yield of product and use of hazardous sol-
vents. Hence taking these points into consideration, we aimed to design
and synthesize new quinazolinone derivatives as potent tyrosinase in-
hibitors by using economical, safe and swift synthetic approach.

Principally, scientist working in organic chemistry for the devel-
opment of novel methodologies towards synthesis of heterocyclic
compounds follows green chemistry protocols. Ultrasound sonochem-
istry is one of the significant green chemical methods used to enhance
processes through a physical phenomenon known as acoustic cavita-
tion, growth, and collapse of micrometer-sized bubbles when a pressure
wave of sufficient intensity propagates through an elastic liquid
[34–36]. These protocols have some superiorities such as efficient, fast,
clean, eco-friendly, short times, simplicity, controllability and con-
sistent in chemical laboratories as compared to traditional heating
methods [37].

Hence, present studies illustrate design and synthesis of new 4-ox-
oquinazolin-3(4H)-yl)furan-2-carboxamides using isatoic anhydride, 2-
Furoic hydrazide and various substituted salicylaldehydes under ul-
trasound sonication. Pleasingly, all reactions proceed well with desired
product in good to excellent yield. After successful synthesis and
characterization, the synthesized compounds were examined for their
tyrosinase activity. All compounds were found to be potent inhibitors
against tyrosinase enzyme which was further supported by molecular
docking analysis and chemoinformatics properties.

2. Result and discussion

2.1. Chemistry

Initially, we choose a model reaction of isatoic anhydride (1mmol),
2-Furoic hydrazide (1mmol) and salicylaldehyde (1mmol) for the
synthesis of 4-oxoquinazolin-3(4H)-yl)furan-2-carboxamides (Scheme
1)under ultrasound sonication. As per our early experience [38,39], we

try to carry out the reaction at room temperature (RT) in catalyst free
condition (Entry 1, Table 1). Unfortunately, the reaction did not pro-
ceed. Later on, we choose p-toluene sulfonic acid (p-TSA) as a catalyst in
ethanol (Entry 2, Table 1). Pleasingly, the reaction proceeds but the
yield of product was less than expected. To follow the green chemistry
principles, we tried to perform the reaction using water as a green
solvent (Entry 3, Table 1). Unfortunately, the yield of product was less
than the expected. It may be due to the less solubility of reactants in
water. Also we tried to perform the reaction in methanol but the time to
complete the transformation is more and yield of product was less than
ethanol (Entry 4, Table 1). Hence, with our earlier experience in mixed
solvent system [40,41], we decided to use ethanol: water as mixed
solvent system for the model reaction (Entries 5–13, Table 1). Re-
markably, ethanol: water (5:5 v/v) was found to be the best solvent
system for the present transformation (Entry 9, Table 1).

After successful screening of solvent, we moved towards the
screening of catalyst amount (Entries 14 – 17, Table 1) in 1:1 ethanol:
water solvent system under ultrasonication. From Table 1 we can
conclude that 20mol% of p-TSA is sufficient to drive the reaction
(Entry 14, Table 1). If we use 10mol% of catalyst then the yield of
product was decreased (Entry 15, Table 1). Instead of these, when we
use more catalytic amount i.e. 40 and 50mol% then no any significant
change in yield and time were observed (Entries 16 and 17, Table 1).
Hence, the ideal reaction conditions for model reaction were followed
as 20mol% of p-TSA in Ethanol: water (5:5 v/v) solvent under ultra-
sound sonication.

With these optimized reaction conditions in hand, we have syn-
thesized a library of new 4-oxoquinazolin-3(4H)-yl)furan-2-carbox-
amides using variety of salicylaldehydes with electron donating and
withdrawing moiety in its structure (Table 2). All reactions proceed
well resulting expected product in good to excellent yield. From Table 2
we can conclude that the time required to complete the transformation
for the compound containing electron withdrawing group (4b, 4c, 4d,
4e, 4h) is less as compared to compound having electron donating
group in its structure except compound 4j.

After successful synthesis, the characterization of product was done
using spectral techniques such as IR, 1H & 13C NMR and LCMS analysis.
Pleasingly all the spectral analysis of compounds is in agreement with
the proposed structure. Further all the synthesized products (4a–4j)
have been scanned for their tyrosinase activity. All compounds showed
excellent tyrosinase inhibition activity which were further supported by
molecular docking and Chemoinformatics studies.

Fig. 1. Examples of commercialized drugs containing quinazolinone moiety in its structure.
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2.2. Biology

2.2.1. Mushroom tyrosinase inhibition and structure activity relationship
All newly synthesized compounds (4a–4j) were examine for their

inhibitory potentials against tyrosinase enzyme and results were eval-
uated in Table 3. All these compounds showed potent inhibitory ac-
tivities against tyrosinase as evident from their much lower IC50 (μM)
values as compared to standard, kojic acid having IC50 value of
16.8320 ± 1.1600 μM. In present investigation, all compounds re-
vealed much lower IC50 values than the standard kojic acid which
signifies their potency for tyrosinase inhibition.

The structure-activity relationship (SAR) was predictable by ex-
amining the effect of different substituents on aryl group. Because, it
was the only varying part in the molecule and all other parts are re-
mains same. From the screening result, we can conclude that the 4-
oxoquinazolin-3(4H)-yl)furan-2-carboxamides possesses electron do-
nating moiety in their structure has higher IC50 value than the com-
pound containing electron withdrawing moiety. The compounds 4f and
4i (except 4g) basically bearing electron donating group shows higher
IC50 i.e. 1.218 ± 0.614 and 1.775 ± 0.947 μM respectively, which is
lower than that of standard kojic acid (16.8320 ± 1.1600 μM). Means
they showed better tyrosinase inhibition than that of kojic acid. On the
other hand compounds 4b–4e, 4h and 4j has electron withdrawing
moiety in its structure. They have lowest IC50 values (0.028 ± 0.016 to
0.627 ± 0.085 μM) which are significant and superior than the stan-
dard kojic acid (16.8320 ± 1.1600 μM) and compounds 4f and 4i.
Amongst the all synthesized and screened compounds, 4e found to be
more active against the tyrosinase inhibition. Therefore, it can be
concluded that active sites of 4-oxoquinazolin-3(4H)-yl)furan-2-

carboxamides with aryl moiety bearing electron withdrawing groups on
its structure possibly interacts more with the enzyme.

2.2.2. Kinetic analysis
The kinetic study was performed to understand the inhibitory me-

chanism of synthetic compounds on tyrosinase inhibition. To determine
the inhibition type and inhibition constant, we select most potent
compound i.e. 4e, Based on IC50 values in Table 3. The kinetic results of
the enzyme involves the examination of Lineweaver-Burk plot of 1/V
versus 1/[S] in the presence of different concentrations of inhibitor
resulted into a series of straight lines (Fig. 2A). The results of kinetic
study and plot showed that the compound 4e intersect within the
second quadrant. Whereas, Vmax decreased with increasing doses of
inhibitors and Km remains the same. This showed that compound 4e
inhibit the tyrosinase enzyme non-competitively to form the enzyme-
inhibitor complex. The enzyme inhibitor dissociation constant (Ki) was
determining by plotting slope against the concentration of inhibitors
(Fig. 2B). The Kinetic parameters for tyrosinase activity using variety of
concentration of compound 4e were represented in Table 4.

2.2.3. Free radical scavenging
DPPH assays are widely used for the assessment of the antioxidant

properties of products [42,43]. All the synthesized compounds (4a–4j)
were inspected for their DPPH free radical scavenging ability. From the
results presented in the Fig. 3, we can conclude that the compounds 4f,
4g and 4i showed excellent activity, while other compounds did not
show significant radical scavenging activity even at the high con-
centration (100 µg/mL).

Scheme 1. Synthesis of new 4-oxoquinazolin-3(4H)-yl)furan-2-carboxamides.

Table 1
Screening of catalyst and solvent.

Entry Catalyst Catalytic amount (mol %) Solvent Time (min) Yield (%)

1 – – Ethanol 360 –
2 p-TSA 30 Ethanol 120 62
3 p-TSA 30 water 180 58
4 p-TSA 30 Methanol 180 53
5 p-TSA 30 Ethanol: Water (1:9 v/v) 105 62
6 p-TSA 30 Ethanol: Water (2:8 v/v) 150 64
7 p-TSA 30 Ethanol: Water (3:7 v/v) 125 68
8 p-TSA 30 Ethanol: Water (4:6 v/v) 90 72
9 p-TSA 30 Ethanol: Water (5:5 v/v) 65 75
10 p-TSA 30 Ethanol: Water (6:4 v/v) 70 71
11 p-TSA 30 Ethanol: Water (7:3 v/v) 80 70
12 p-TSA 30 Ethanol: Water (8:2 v/v) 100 68
13 p-TSA 30 Ethanol: Water (9:1 v/v) 120 62
14 p-TSA 20 Ethanol: Water (5:5 v/v) 65 78
15 p-TSA 10 Ethanol: Water (5:5 v/v) 65 74
16 p-TSA 40 Ethanol: Water (5:5 v/v) 70 75
17 p-TSA 50 Ethanol: Water (5:5 v/v) 70 75

*Reaction conditions: isatoic anhydride (1mmol), 2-Furoic hydrazide (1mmol), salicylaldehyde (1mmol), Catalyst: p-TSA, Solvent: 10mL, ultrasound sonication.
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2.2.4. Chemoinformatics properties and lipinski's rule of five (RO5)
validation

The chemoinformatics properties of all the synthesized compounds
(4a–4j) were predicted by using computational tools followed by vali-
dation through Lipinski rule of five (RO5) analysis. This rule states that
molecular mass and logP values should be less than 500 g/mol and 5,
respectively. Likewise, the compounds should possess no greater than
10 HBA and 5 HBD, respectively. The previous research work indicates
that higher values of HBA and HBD results in poor drug permeability
[44].

In the present studies, all synthesized compounds 4a–4j obeys RO5
rule including compound 4b and 4e even it has little higher molecular
mass of 598 and 502 g/mol, respectively. The polar surface area (PSA)
is the surface sum of all polar atoms within a molecule which is fre-
quently utilized to predict the drug ability in cell permeation. The
predicted results showed that all synthesized compounds (4a–4j) pos-
sess less values of PSA than early reports [45,46]. Thus, predicted re-
sults on cheminformatics parameters for all compound showed that
synthesized compounds 4a–4j fall in standard range suggesting their
potent oral bioactivity behavior. The estimated chemoinformatics
properties of synthesized 4-oxoquinazolin-3(4H)-yl)furan-2-carbox-
amides (4a–4j) listed in Table 5. Drug score of target compound is
collective study of the parameters such as hydrophobicity, molecule
size and flexibility, hydrogen bonding characteristics along with pre-
sence of various pharmacophoric features [47]. The generated results
for all synthesized compounds showed that compounds 4a–4h exhibits
good drug score values, which indicates it’s drug-likeness behavior.

Table 2
Library of synthesized 4-oxoquinazolin-3(4H)-yl)furan-2-carboxamides.

Entry Compound structure Code Time (min) Yield (%)

1. 4a 65 78

2. 4b 55 84

3. 4c 55 83

4. 4d 65 72

5. 4e 60 81

6.

N

N

O

NH

O
O

OH

N        3

C3

CH

H

4f 70 71

7. 4 g 65 92

8. 4 h 55 89

Table 2 (continued)

Entry Compound structure Code Time (min) Yield (%)

9. 4i 70 95

10. 4j 70 96

*Reaction conditions: isatoic anhydride (1mmol), 2-Furoic hydrazide (1mmol),
various salicylaldehydes (1mmol), Catalyst: p-TSA (20mol %), Solvent:
Ethanol: Water (5:5 v/v) 10mL, ultrasound sonication.

Table 3
IC50 values of compounds (4a–4j).

Sr. no Compound Tyrosinase activity
IC50 ± SEM (µM)

1 4a 0.499 ± 0.051
2 4b 0.055 ± 0.093
3 4c 0.627 ± 0.085
4 4d 0.063 ± 0.052
5 4e 0.028 ± 0.016
6 4f 1.218 ± 0.614
7 4g 0.056 ± 0.044
8 4h 0.052 ± 0.077
9 4i 1.775 ± 0.947
10 4j 0.031 ± 0.027
11 Kojic acid 16.832 ± 1.162

SEM=Standard error of the mean; values are expressed in mean ± SEM.
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2.2.5. Molecular docking analysis
2.2.5.1. Binding energy evaluation of synthesized compounds 4a–4j. To
predict the best-fitted conformational position of synthesized ligands
4a–4j within the active region of target protein, the generated docked

Fig. 2. (A) Lineweaver–Burk plots for inhibition of tyrosinase in the presence of Compound 4e, concentrations of 4e are 0.00, 0.014, 0.028 and 0.056 µM, re-
spectively. Substrate L-DOPA Concentrations are 0.0625, 0.125, 0.25, 0.5, 1 and 2mM, respectively. (B) The insets represents the plot of the slope versus inhibitor 4e
concentrations to determine inhibition constant. The lines were drawn using linear least squares fit.

Table 4
Kinetic parameters of the mushroom tyrosinase for L-DOPA activity in the
presence of various concentrations of 4e.

Concentration (µM) Vmax (ΔA /Sec) Km (mM) Inhibition Type Ki (µM)

0.00 1.07763×10-5 0.67 Non-competitive 0.052
0.014 5.96971×10-6 0.67
0.028 5.12121×10-6 0.67
0.056 4.42424×10-6 0.67

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

Fig 3. Free radical scavenging activity (%) of the synthesized compounds; values are presented as the mean ± SEM. All compound concentrations were 100 µg/mL.

Table 5
Chemoinformatics properties of synthesized compounds.

Ligands Mol.
wt. (g/
mol)

No. HBA No. HBD Mol.
LogP

MolPSA (A2) Mol.
Vol
(A3)

Drug
Score

4a 347 5 2 2.77 76 332 1.06
4b 598 5 2 4.24 75 391 0.95
4c 415 5 2 4.08 75 364 0.86
4d 425 5 2 3.62 76 354 0.97
4e 502 5 2 4.35 75 374 0.78
4f 418 5 2 3.83 79 420 0.81
4g 363 6 3 2.51 94 343 1.41
4h 381 5 2 3.48 76 349 1.18
4i 377 6 2 2.86 84 364 0.98
4j 392 7 2 2.38 113 357 0.76

*HBA: Hydrogen Bond Acceptor, HBD: Hydrogen Bond Donor.
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complexes were analyzed on the basis of Glide docking energy values
(kcal/mol) and bonding interaction (hydrogen/hydrophobic) behavior.
The lowest binding energy value represents the best conformational
position of ligand within the active region of target protein.

The docking results showed that all the synthesized ligands 4a–4j
were bind within the active site of target protein with different con-
formational poses and energy values, respectively. Fig. 4A revealed the
binding pattern of all synthesized compounds 4a–4j showed their si-
milar conformational behavior within the active region of target pro-
tein. In addition, the binding energy values of all compounds 4a–4j
resembled to each other (Fig. 4B). The comparative results revealed
that all compounds (4a–4j) exhibited good docking energy values. The
basic skeleton of all the synthesized compounds (4a–4j) was similar and
hence the obtained binding energy values are close to each other with
no big difference.

2.2.5.2. Binding analysis of ligands against tyrosinase. Based on in vitro
results, 4e docking complex was assessed to understand their binding
conformational analysis within active site of target protein. In detail,
docking analysis one hydrogen and three π-π interactions was observed

in docking complex 4e. Fig. 5A and B signifies the 3D and 2D depictions
of most active compound 4e, respectively. The two quinazolinone rings
and one furan ring interacted through π-π interactions at Hie244 and
Phe264, respectively. Whereas, the hydroxyl group of benzene ring
formed hydrogen bond at Asn260 with target tyrosinase protein.
Literature data also ensured the importance of these residues in
bonding with other tyrosinase inhibitors, which strengthen our
docking results [48–50].

3. Conclusion

The successful multicomponent synthesis of 4-oxoquinazolin-3(4H)-
yl)furan-2-carboxamides derivatives using ethanol: water (5:5 v/v)
solvent system was carried out under ultrasound sonication. After
successful synthesis, the structure of compounds was confirmed by
spectral techniques such as IR, NMR and LCMS analysis. The features of
this method are simple methodology, mixed green solvent, easy filtra-
tion, use of ultrasound sonication, less reaction time and higher yield of
product. Along with this, all the compounds 4a−4j shows excellent
inhibitory activity against tyrosinase enzyme. The excellent tyrosinase

Fig 4. (A) Docking energy complexes of 4a–4j within the active region of target protein (B) binding energy values (kcal/mol) of 4a–4j.

Fig 5. Docking depictions of 4e complex against tyrosinase in 3D (A) and 2D (B).
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inhibition activity response results into much lower IC50 values within
range of 0.028 ± 0.016 to 1.775 ± 0.947 µM as compared to the
standard kojic acid IC50 value i.e. 16.832 ± 1.162 µM through in vitro
analysis. In addition, DPPH assay indicates that compounds 4f, 4g and
4i shows good antioxidant properties. The in silico molecular docking
investigation is in support of in vitro findings. In an overall, compound
4e possesses extremely lower IC50 values against tyrosinase
inhibition activity than standard kojic acid (IC50 value for
4e=0.028 ± 0.016 µM). From the results on biological activity and
molecular docking study of synthesized compounds 4a–4j, it can be
concluded that these compounds can find their utility for the leading
medicinal scaffolds in molecular drug designing as tyrosinase in-
hibitors.

4. Experimental

4.1. Chemistry

4.1.1. Materials and method
Various substituted salicylaldehydes, isatoic anhydride, 2-Furoic

hydrazide and p-Toluene sulfonic acid (p-TSA) were purchased from
Sigma-Aldrich, Korea and used as received without further purification.
Digimelt (SRS, USA) melting point apparatus was used to measure
melting point of synthesized products. The formation of products
(4a–4j) was confirmed by spectral techniques such as IR, NMR and
LCMS Analysis. IR spectra were recorded on a Frontier IR Perkin–Elmer
spectrophotometer. NMR spectra were recorded on a Bruker AC-400
and Bruker Avance III 600MHz FT-NMR spectrometer in DMSO‑d6
using tetramethylsilane as an internal standard. The LCMS spectra were
recorded on a Bruker MicroTof-Q spectrometer (Germany) coupled with
Dionex Ultimate 3000/LC 09115047 (USA).

4.1.2. General procedure for the synthesis of 4-oxoquinazolinone
carboxamide

An equimolar amount of Isatoic anhydride (1mmol) and 2-Furoic
hydrazide (1mmol) was taken in 50mL round bottom flask containing
10mL of ethanol: water (5:5 v/v) mixed solvent and P-TSA (20mol%).
The resultant reaction mixture was sonicated till the completion of
reaction. Then the respective substituted salicylaldehydes (1mmol)
were added in it. The reaction mixture was further sonicated, and the
progress of reaction was monitored on thin layer chromatography
(TLC). After completion of reaction the product was isolated by simple
filtration method and washed with ethanol. The formation of product
was confirmed by spectral techniques such as IR, NMR and LCMS
Analysis.

4.1.2.1. N-[2-(2-hydroxyphenyl)-4-oxoquinazolin-3(4H)-yl]furan-2-
carboxamide (4a). White powder; M.P.: 168–170 °C; IR: 3401,
2851, 1621, 1607, 1478, 1368, 1310, 1273, 1227, 1201, 1149,
1083, 1013, 964, 884, 847, 775, 754 cm−1; 1H NMR (600 MHz,
DMSO‑d6): δ 12.10 (s, 1H, –NH), 11.14 (s, 1H, –OH), 8.65 (s, 1H),
7.96 (d, 1H), 7.54 (d, 2H, J=4Hz), 7.30 (t, 3H, J=8 & 4 Hz),
6.91–6.94 (m, 3H), 6.71–6.72 (m, 1H) ppm; 13C NMR(150 MHz,
DMSO‑d6) : δ 157.86, 154.46, 148.76, 146.76, 146.51, 131.87,
129.86, 129.85, 119.84, 119.27, 119.22, 119.21, 116.88, 115.69,
112.62 ppm; LCMS (ESI): 348.1795 (M+H) and 289 (M+K), m/z.

4.1.2.2. N-[2-(2-hydroxy-3,5-diiodophenyl)-4-oxoquinazolin-3(4H)-yl]
furan-2-carboxamide (4b). Beige powder; M.P.: above 260 °C; IR:
3409, 3199, 2987, 2854, 1651, 1620, 1591, 1541, 1477, 1434,
1367, 1298, 1270, 1186, 1156, 1083, 1033, 1014, 961, 884, 848,
769, 757, 738 cm−1; 1H NMR(600MHz, DMSO‑d6): δ 12.77 (s, 1H,
–NH), 12.54 (s, 1H, –OH), 8.44 (s, 1H), 8.04 (d, 1H, J=1.2 Hz), 7.99
(d, 1H, J=0.8 Hz), 7.84 (d, 2H, J=1.2 Hz), 7.37 (d, 2H, J=4Hz),
6.73–6.74 (m, 2H) ppm; 13C NMR(150MHz, DMSO‑d6) : δ 157.01,
154.54, 147.71, 147.01, 146.90, 146.29, 139.20, 139.20, 120.87,

116.47, 112.80, 88.19, 82.52 ppm; LCMS (ESI): 597. 85(M−H) and
599 (M+), m/z.

4.1.2.3. N-[2-(3,5-dichloro-2-hydroxyphenyl)-4-oxoquinazolin-3(4H)-yl]
furan-2-carboxamide (4c). Beige powder; M.P.: 234–236 °C; IR: 3572,
3388, 3275, 3072, 1673, 1661, 1605, 1589, 1530, 1475, 1454, 1388,
1360, 1347, 1306, 1284, 1223, 1182, 1154, 1105, 1027, 1013, 977,
936, 847, 763, 748, 736, 707 cm−1; 1H NMR(400MHz, DMSO‑d6): δ
12.57 (s, 1H, –NH), 12.37 (s, 1H, –OH), 8.59 (s, 1H), 8.02 (m, 1H), 7.66
(d, 3H, J=4Hz), 7.38 (s, 2H), 7.75 – 6.76 (m, 2H) ppm; 13C NMR
(100MHz, DMSO‑d6) : δ 154.58, 152.64, 147.49, 147.45, 147.44,
147.41, 146.91, 146.33, 130.77, 130.73, 128.80, 128.74, 123.48,
122.03, 121.39, 116.44, 116.42, 116.41, 112.78 ppm; LCMS (ESI):
416 (M+) and 417(M−H) for 1× 35.5Cl, 1× 37Cl m/z.

4.1.2.4. N-[2-(5-bromo-2-hydroxyphenyl)-4-oxoquinazolin-3(4H)-yl]furan-
2-carboxamide (4d). White powder; M.P.: 209–212 °C; IR: 3386, 3134,
3003, 2873, 1652, 1620, 1480, 1463, 1356, 1321, 1268, 1199, 1086,
957, 849, 766, 745, 697 cm−1; 1H NMR (600MHz, DMSO‑d6): δ 12.20 (s,
1H, –NH), 11.16 (s, 1H, –OH), 8.62 (s, 1H), 7.98 (m, 1H), 7.78 (d, 1H,
J=4Hz), 7.42–7.45 (m, 2H), 7.35 (d, 1H, J=4Hz), 6.91 (d, 2H,
J=8Hz), 6.72–6.74 (m, 2H) ppm; 13C NMR(150MHz, DMSO‑d6) : δ
156.82, 154.58, 146.69, 146.68, 146.58, 146.09, 134.04, 130.76,
121.87, 119.14, 115.81, 112.61, 110.95 ppm; LCMS (ESI): 425
(M−H), 449 (M+Na) for isotope 81Br, 425.9890 (M−H) for isotope
81Br and 386.8627 (M−K) for isotope 79Br m/z.

4.1.2.5. N-[2-(3,5-dibromo-2-hydroxyphenyl)-4-oxoquinazolin-3(4H)-yl]
furan-2-carboxamide (4e). White powder; M.P.: 263–265 °C; IR: 3214,
3069, 1751, 1657, 1603, 1588, 1530, 1470, 1445, 1428, 1348, 1291,
1272, 1223, 1170, 1106, 1008, 963, 871, 852, 760, 737, 687 cm−1; 1H
NMR (400MHz, DMSO‑d6): δ 12.60 (s, 2H, –NH & –OH), 8.55 (s, 1H),
8.02 (m, 1H), 7.79 – 7.84 (m, 3H), 7.38–7.39 (m, 2H), 6.75–6.76 (m,
2H) ppm; 13C NMR(100MHz, DMSO‑d6) : δ 154.53, 154.02, 147.54,
146.96, 146.26, 136.03, 132.49, 121.51, 116.51, 112.81, 111.72,
110.92 ppm; LCMS (ESI): 480.8373 (M−Na) and 504.8530(M+H) m/z.

4.1.2.6. N-(2-(4-(diethylamino)-2-hydroxyphenyl)-4-oxoquinazolin-3(4H)-
yl)furan-2-carbox -amide (4f). Yellow powder; M.P.: 192–194 °C; IR:
3208, 3049, 2969, 2930, 1625, 1599, 1518, 1477, 1412, 1351, 1340,
1292, 1242, 1223, 1179, 1130, 1084, 1005, 968, 702 cm−1; 1H NMR
(400MHz, DMSO‑d6): δ 11.83 (s, 1H, –NH), 11.33 (s, 1H, –OH), 8.43 (s,
1H), 7.94–7.95 (m, 1H), 7.18–7.26 (m, 3H), 6.70–6.71 (m, 2H),
6.26–6.29 (m, 1H), 6.13 (d, 2H, J=4Hz), 3.36–3.40 (q, 4H), 1.11 (t,
6H, J=8Hz) ppm; 13C NMR(100MHz, DMSO‑d6) : δ 160.09, 153.93,
150.65, 150.47, 147.06, 146.13, 132.00, 115.02, 112.53, 106.92,
104.15, 97.94, 44.27, 13.01 ppm; LCMS (ESI): 496 (M - Na) m/z.

4.1.2.7. N-[2-(2,4-dihydroxyphenyl)-4-oxoquinazolin-3(4H)-yl]furan-2-
carboxamide (4g). Yellow powder; M.P.: 200–203 °C; IR: 3209, 3050,
2969, 2930, 1626, 1589, 1517, 1476, 1412, 1351, 1291, 1243, 1222,
1179, 1128, 1083, 1005, 967, 883, 852, 784, 754, 703, 680 cm−1; 1H
NMR(600MHz, DMSO‑d6): δ 11.91 (s, 1H, –NH), 11.71 (s, 1H, –OH),
11.34 (s, 1H, –OH), 7.91–7.93 (m, 2H), 7.72–7.75 (m, 1H), 7.24–7.30
(m, 2H), 7.16 (d, 1H, J=12Hz), 6.69–6.70 (m, 1H), 6.35–6.37 (m,
1H), 6.32 (d, 1H) ppm; 13C NMR(150MHz, DMSO‑d6) : δ 165.64,
163.71, 161.23, 160.32, 159.90, 154.21, 149.74, 147.55, 146.93,
146.26, 141.87, 137.39, 131.73, 129.40, 123.98, 115.81, 115.32,
112.55, 111.04, 110.71, 109.10, 108.21, 103.14, 102.67 ppm; MS
(EI): 365 (M+2), m/z.

4.1.2.8. N-[2-(5-chloro-2-hydroxyphenyl)-4-oxoquinazolin-3(4H) yl]furan-
2-carboxamide (4h). White powder; M.P.: 193–195 °C; IR: 3386, 3210,
3136, 2971, 2871, 1647, 1622, 1592, 1482, 1463, 1355, 1324, 1267,
1243, 1198, 1085, 1016, 958, 918, 884, 851, 827, 761, 747, 716 cm−1;
1H NMR(400MHz, DMSO‑d6): δ 12.20 (s, 1H, –NH), 11.15 (s, 1H, –OH),
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8.63 (s, 1H), 7.98–7.99 (m, 1H), 7.66 (d, 2H, J=4Hz), 7.31–7.35 (m,
3H), 6.95–6.97 (d, 1H, J=8Hz), 6.72–6.75 (q, 2H) ppm; 13C NMR
(100MHz, DMSO‑d6) : δ 165.55, 160.33, 156.41, 154.57, 146.69,
146.60, 146.21, 146.21, 141.88, 137.41, 131.24, 129.41, 127.88,
123.99, 123.49, 121.27, 118.69, 115.81, 112.62 110.73 ppm; LCMS
(ESI): 382 (M+), m/z.

4.1.2.9. N-[2-(2-hydroxy-5-methoxyphenyl)-4-oxoquinazolin-3(4H)-yl]
furan-2-carboxamide (4i). White powder; M.P.: 180–182 °C; IR: 3118,
2968, 1767, 1732, 1497, 1457, 1360, 1322, 1274, 1197, 1163, 1127,
1044, 1015, 959, 851, 812, 766, 745, 682 cm−1; 1H NMR(600MHz,
DMSO‑d6): δ 12.07 (s, 1H, –NH), 11.71 (s, 1H, –OH), 8.63 (s, 1H),
7.91–7.95 (m, 1H), 7.74 (s, 1H), 7.32 (s, 1H), 7.25 (t, 1H, J=6Hz),
7.15–7.17 (d, 1H, J=12 Hz), 7.11 (d, 1H), 6.90–6.92 (m, 1H),
6.86(d, 1H, J=12 Hz), 6.71–6.72 (q, 1H), 3.73 (s, 3H), ppm; 13C
NMR (150 MHz, DMSO‑d6) : δ 160.34, 152.61, 151.86, 147.56,
146.50, 141.87, 137.40, 129.40, 123.98, 118.74, 117.74, 115.79,
112.61, 110.74, 55.98 ppm; LCMS (ESI): 376 (M−H), m/z.

4.1.2.10. N-(2-(2-hydroxy-3-nitrophenyl)-4-oxoquinazolin-3(4H)-yl)furan-
2-carboxamide (4j). Light Yellow powder; M.P.: 188–190 °C; IR: 3556,
3128, 2969, 1765, 1729, 1670, 1621, 1592, 1528, 1467, 1360, 1299,
1272, 1250, 1197, 1082, 1011, 979, 848, 760, 741, 681 cm−1; 1H NMR
(600MHz, DMSO‑d6): δ 12.72 (s, 1H, –NH), 11.44 (s, 1H, –OH), 8.72 (s,
1H), 8.01 (t, 1H, J=6Hz), 7.92 (d, 2H, J=6Hz), 7.72–7.75 (q, 1H),
7.37 (s, 1H), 7.25 (t, 1H, J=6Hz), 7.11–7.17 (m, 2H), 6.73–6.74 (q, 1H)
ppm; 13C NMR(150MHz, DMSO‑d6) : δ 160.31, 154.56, 151.98, 147.54,
147.36, 147.35, 146.84, 146.39, 141.87, 138.08, 137.39, 135.38,
129.40, 127.00, 123.98, 122.27, 119.71, 116.34, 115.81, 112.76,
110.71 ppm; LCMS (ESI): 391 (M−H), m/z.

4.2. Biology

4.2.1. In vitro methodology
4.2.1.1. Mushroom tyrosinase activity. The mushroom tyrosinase (Sigma
Chemical, USA) inhibition study was executed according to previously
reported methods [51–53] of our group. In detail, phosphate buffer
(140 µL, 20mM, pH 6.8), mushroom tyrosinase (20 µL, 30 U/mL) and
inhibitor solution (20 µL) were taken in the wells of a 96-well
microplate and pre-incubated for 10min at room temperature. At that
time, 3,4-dihydroxyphenylalanine i.e. L-DOPA (Sigma Chemical, USA,
20 µL, 0.85mM) was added to it and the assay plate was further
incubated at 25 °C for 20min. Subsequently, the microplate reader
(OPTI Max, Tunable) was used to measure the absorbance at 475 nm. In
this experiment, phosphate buffer was used as a negative control while
Kojic acid was used as a reference inhibitor. The amount of inhibition
by the test compounds was expressed in terms of the percentage of
concentration necessary to achieve 50% inhibition i.e. IC50. The
experimental study was done in three independent experiments. IC50
values were calculated by nonlinear regression using GraphPad Prism
5.0.

The % inhibition of tyrosinase was calculated using following Eq.
(1),

= ×Inhibition (%) [(B S)/B] 100 (1)

where the B and S are the absorbance for the blank and samples, re-
spectively.

4.2.1.2. Kinetic analysis of inhibition of tyrosinase. The most potent
compound 4e was selected on the basis of IC50 value for kinetic
analysis. The already reported methods were accessed to execute the
series of experiments to determine the inhibition kinetics of 4e [48,49].
The inhibitor concentrations for 4e were 0.00, 0.014, 0.028 and
0.056 µM. The concentrations of substrate L-DOPA used in this kinetic
study was in the range of 0.0625–2mM. The Pre-incubation and
measurement time were the same as discussed in the mushroom

tyrosinase inhibition assay protocol. After the addition of enzyme, the
initial linear portion of absorbance used to determine the maximal
initial velocity up to five minutes at a 30 s interval. The
Lineweaver–Burk plots of inverse of velocities (1/V) versus inverse of
substrate concentration 1/[L-DOPA] mM−1 was used to determine the
inhibition type of the enzyme. The secondary plot of 1/V against
inhibitors concentrations assessed to evaluate EI dissociation constant
(Ki).

4.2.1.3. Free radical scavenging assay. The already reported method was
modified to screen the Radical scavenging activity [42,43] using 2, 2-
diphenyl-1 picrylhydrazyl (DPPH) assay. The assay solution consisted
of 100 µL DPPH (150 µM) and 20 µL increasing concentration of test
compounds. The total volume in each well was adjusted to 200 µL with
methyl alcohol followed by incubation for 30min at room temperature.
Ascorbic acid (Vitamin C) was used as a reference inhibitor. The
microplate reader (OPTI Max, Tunable) assay used for measurements
at 517 nm. The rate of reaction was compared, and the percent
inhibition caused by the presence of tested inhibitors was calculated
in this assay. Each concentration was analyzed in three independent
experiments.

4.2.2. In silico analysis: computational methodology
4.2.2.1. Selection of mushroom tyrosinase structure from PDB. The
Protein Data Bank (PDB) (http://www.rcsb.org) was referred to
retrieve three dimensional (3D) structure of mushroom tyrosinase
(Agaricus bisporus) (PDBID: 2Y9X). The selected protein was energy
minimized by employing conjugate gradient algorithm and amber force
field in UCSF Chimera 1.10.1 [54,55].

4.2.2.2. Grid generation and molecular docking. Before the molecular
docking experiment few things were adjusted in the protein structure
to get better docking results. The “Protein Preparation Wizard” by
Maestro interface in Schrödinger Suite was used to prepare the
tyrosinase structure. Initially, bond orders were assigned and hydrogen
atoms were added to the protein structure. After that, the structure was
minimized to reach the converged root mean square deviation (RMSD) of
0.30 Å with the OPLS_2005 force field. The active site of the enzyme
(tyrosinase) was defined by co-crystallized ligands from Protein Data
Bank and literature survey [48–50]. The synthesized ligands 4a–4j were
sketched in 2D sketcher in Schrödinger Suite and saved in Maestro
interface for docking experiment. The molecular docking experiment was
performed for all the synthesized ligands against target protein using
Glide docking protocol [54] to predict the binding energies (docking
scores) and conformational positions of ligands within active region of
protein. 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 [55].
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