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A B S T R A C T   

In this study, a new series of quinazolinone-pyrazole hybrids were designed, synthesized and screened for their 
α-glucosidase inhibitory activity. The results of the in vitro screening indicated that all the molecular hybrids 
exhibited more inhibitory activity (IC50 values ranging from 60.5 ± 0.3 µM-186.6 ± 20 μM) in comparison to 
standard acarbose (IC50 = 750.0 ± 10.0 µM). Limited structure–activity relationship suggested that the variation 
in the inhibitory activities of the compounds affected by different substitutions on phenyl rings of diphenyl 
pyrazole moiety. The enzyme kinetic studies of the most potent compound 9i revealed that it inhibited 
α-glucosidase in a competitive mode with a Ki of 56 μM. Molecular docking study was performed to predict the 
putative binding interaction. As expected, all pharmacophoric moieties used in the initial structure design 
playing a pivotal role in the interaction with the binding site of the enzyme. In addition, by performing molecular 
dynamic investigation and MM-GBSA calculation, we investigated the difference in structural perturbation and 
dynamic behavior that is observed over α-glycosidase in complex with the most active compound and acarbose 
relative to unbound α-glycosidase enzyme.   

1. Introduction 

α-Glucosidase is a membrane-bound enzyme at the epithelium of the 
small intestine which possesses key functions in carbohydrate digestion 
[1]. It catalyzes the hydrolysis of the α-1–4-glycosidic bond from the 
non-reducing end of carbohydrate substrates and releases absorbable 
glucose, which is mainly responsible for increasing blood glucose levels 
[2]. The control of the blood sugar level is a critical strategy in the 
management of diabetes mellitus, especially type II diabetes and 
reducing chronic complications associated with the disease. Thus, in
hibition of the α-glucosidase enzyme is considered as a useful thera
peutic approach for the treatment of type-2 diabetes mellitus [3,4]. 
Furthermore, since α-glucosidase plays a pivotal role in carbohydrate 

metabolism, it is considered as a therapeutic target for other 
carbohydrate-mediated diseases, including cancer [5], hepatitis [6] and 
viral infection [7,8]. Currently, carbohydrate mimics acarbose (Gluco
bay), miglitol (Glyset), and voglibose (Volix, Basen) are clinically 
approved drugs that act as inhibitors of both α-amylase and α-glucosi
dase enzymes [9,10]. However, continuous administration of these 
drugs is associated with undesirable gastrointestinal adverse reactions 
such as diarrhea, bloating, abdominal pain, etc. [11,12]. Based on the 
biological importance of α-glucosidase and the inefficiencies of existing 
drugs, the design and development of new α-glucosidase inhibitors are 
still attractive and challenging [13–18]. 

Pyrazole is an attractive pharmacophore in medicinal and pharma
ceutical chemistry. Pyrazole and its derivatives exhibit a broad spectrum 
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of pharmacological activities including anti-Alzheimer [19,20], anti
tumor [21,22], antihypertensive [23], anti-inflammatory [24,25], 
analgesic [26], antimicrobial [27,28], neuroprotective [29], antiviral 
[30], and antibacterial [31]. In particular, some of the pyrazole de
rivatives like Celecoxib, Viagra and Fipronil have been approved for 
clinical use [32]. Moreover, pyrazole scaffolds can be traced in some 
compounds that have been reported as potent antidiabetic and hypo
glycemic agents (Fig. 1). Kenneth et al. prepared a series of pyrazole and 
pyrazolone derivatives as potent antihyperglycemic agents [33] and 
Shuangjie et al. reported the pyrazole-based derivatives as a potent 
glucagon receptor antagonist [34,35]. Apart from this, recent studies 
have shown that several entities of pyrazole act as potent α-glucosidase 
inhibitors. Structures of some potent pyrazole core containing α-gluco
sidase inhibitors are shown in Fig. 2(A–C) [36–38]. It is pertinent to 
mention that Teneligliptin, an oral DPP-4 inhibitor containing pyrazole, 
was approved for the treatment of type-II diabetes [39]. Also, report 
based on metabolic stability and pharmacological efficiency of pyrazole 
derivatives as antidiabetic agents added to our interest toward the 
synthesis of novel compounds containing pyrazole moiety and evalua
tion of their bioactivities [40,41]. 

On the other hand, quinazolinone and its derivatives have appealed 
to the medicinal chemists due to its presence in a wide range of bioactive 
compounds. Versatile biological properties including anti-virus [42], 
anti-inflammatory [43,44], anti-bacterial [45], anti-tubercular [46], 
anti-malaria[47], anti-cancer [48,49], anti-fungal [50], anti-allergic 
[51,52], anti-HIV [53] and anti-convulsant [54,55] have been success
fully documented in the literature. Rudolph et al. introduced quinazo
linone derivatives as orally available ghrelin receptor antagonists for the 
treatment of diabetes and obesity [56]. Also, recent studies have 
confirmed the α-glucosidase inhibitory activity of quinazolinone de
rivatives [57,58]. Our group has synthesized several quinazolinone- 
1,2,3-triazole hybrids as new α-glucosidase inhibitor. The results 
revealed that all of them presented a superior inhibitory profile than 
standard acarbose (IC50 = 181.0–474.5 μM comparing with acarbose 
(IC50 = 750.0 μM) (Fig. 2D) [59]. Peng et al. synthesized several 2-aryl 
quinazolinone derivatives that were subsequently assayed for α-gluco
sidase inhibitory activity. Among them, 2-(4-chlorophenyl)-quinazolin- 
4(3H)-one was identified as potent inhibitors of α-glucosidase because of 
its strong interaction with the enzyme (Fig. 2E) [60]. 

In light of the above, and also inspired by the importance of 

molecular hybridization for the design of new bioactive compounds, 
herein novel quinazolinone-pyrazole hybrids were designed and syn
thesized as potent α-glucosidase inhibitors. In a bid to stitch effective 
pharmacophores together to generate new molecules, para-chlor
ophenyl appendage on 2-position of quinazolinone moiety was main
tained. Next, the pyrazole moiety insert at position 3 of quinazolinone. 
Amide bond was included in the design of the new hybrid as part of the 
initial design because of its unique features, including the polarity, 
amide proton exchange rate, and protein binding (Fig. 2) [61–65]. 

2. Result and discussion 

2.1. Chemistry 

The synthetic strategy for the intermediates and target compounds 
9a-p has been depicted in Scheme 1. Quinazolinone 2 was obtained from 
the condensation of anthranilamide 1 and 4-choloro benzaldehyde in 
the presence of NaHSO3 in DMAc. It was then alkylated with ethyl 
bromoacetate in acetone and under basic conditions to afforded ester 3, 
which was further mixed with hydrazine hydrate in methanol to form 
acetohydrazides 4. 

The procedure for the synthesis of 1,3-disubstituted pyrazole-4- 
carbaldehydes 8a-p was carried out via two-step methods. Initially, 
condensation of different substituted acetophenones 5 with phenyl
hydrazine or 4-methyl phenylhydrazine in the presence of sulfuric acid 
in absolute ethanol afforded hydrazone intermediates 7a-p. Next, the 
synthesized hydrazone intermediates 8a-p undergoes Vilsmeier–Hack 
reaction with DMF/POCl3 to form pyrazole-4-carbaldehydes derivative 
8a-p. Finally, compounds 4 and variously substituted aldehyde 8a-p 
were refluxed overnight in ethanol in the presence of a catalytic 
amount of anhydrous acetic acid to get the target quinazolinone- 
pyrazole derivatives 9a-p. 

2.2. In vitro α-glucosidase inhibitory activity 

All the synthesized new hybrids 9a-p were screened for their in vitro 
α-glucosidase inhibition against yeast α-glucosidase in comparison to 
acarbose as the standard drug (Table 1). To obtain the best insight into 
the effects of the different substitutions on phenyl rings attached to 
pyrazole core, a variety of compounds 9 were synthesized. As can be 

Fig. 1. Pyrazole derivatives as antidiabetic and hypoglycemic agents.  
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seen in Table 1, synthesized compounds can be considered in two cat
egories of 9a-i (series A, Table 1, R2––H) and 9j-m (series B, Table 1, 
R2––CH3) and then a limited structure–activity relationship has been 
also established based on variations in substitution pattern at the R1 
position. All the new synthetic derivatives displayed excellent α-gluco
sidase inhibitory activity having IC50 values in the range 60.5 ±
0.3–186.6 ± 2.0 µM and 91.7 ± 0.7–167.2 ± 1.9 µM, for 8a-i and 8j-m, 
respectively, when compared to standard acarbose (750 ± 10 µM). It is 
worth mentioning that all compounds 9 demonstrated inhibitory ac
tivities around 12–4 folds more than standard. The best activity was 
obtained by compound 9i having bromo group at the R1 position and no 
substitution at R2 position. 

In series A, replacing bromine with other halogens (F and Cl) led to a 
decrease in the inhibitory activity as observed in the compounds 9g 
(IC50 = 79.5 ± 0.5 µM) and 9 h (IC50 = 107.1 ± 0.8 µM), respectively. It 
should be noted that trifluoromethyl substituted compound 9f (IC50 =

143.6 ± 1.6 μM) showed lower activity than other halogenated com
pounds. Therefore, it seems that the α-glucosidase inhibitory activity of 
halogenated analogous 9f-i was not only affected by the size of halogen 
groups but also by their electronic property of them. In this series of 
compounds, it was observed that the introduction of the electron- 
withdrawing NO2 group (compound 9e) led to good activity with IC50 
= 113.2 ± 1.0 µM. Finally, compounds 9b-d depicted versatile inhibitory 
activity affected by the electron-donating capability of the substitution. 
The order of activity for compounds 9b-d, was found to be 9b > 9c > 9d 
(IC50s = 138.3, 151.7, and 176.2 μM, respectively), suggesting that an 
electron-donating group was less favorable to the activity. 

Further investigation comes back to the series B of compounds (9j-m) 
which possessed a methyl group at the R2 position. In the case of halo- 
substituted derivatives 9o (IC50 = 124.6 ± 1.1 μM) and 9p (IC50 =

133.6 ± 1.4 μM), comparing the corresponding inhibitory activity with 
their counterparts in the first category revealed that the introduction of 
methyl group did not induce higher activity. Compound 9k, the most 
active member of the series B and the third most active compound tested 
(IC50 = 91.7 ± 0.7 µM), having a methyl group at both R1 and R2 po
sition. Replacement of methyl with hydroxyl or methoxy group 
dramatically decreased the inhibitory activity. So that compounds 9l 
and 9m, with IC50 values of 155.2 ± 1.8 and 167.2 ± 1.9 μM, 

respectively, showed the lowest inhibitory activity in this series of 
compounds. Similarly, it seems that the presence of electron-donating 
groups were again unfavoured for α-glucosidase inhibitory activity. In 
this series, NO2 substituted derivative 9n showed the second highest 
activity, with an IC50 value of 105.7 ± 0.8 µM. It is also interesting to 
note that, among the synthesized compounds, derivatives with unsub
stituted at R1 position have shown less inhibitory activity, as in com
pounds 9a (IC50 = 186.6 ± 2.0 µM) and 9j (IC50 = 148.7 ± 1.6 µM). 

From these results, it could be concluded that substitution at R1 
position as well as their electron property plays an important role in in 
vitro α-glucosidase inhibitory activity. On the other hand, the efficacy of 
the methyl group at the R2 position was affected by the nature of sub
stitutions at the R1 position. In this regard, α-glucosidase inhibitory 
activity of compounds 9k, 9m, and 9n substituted with methyl, hydroxyl 
and nitro at the R1 position, respectively, indicated that the introduction 
of methyl substituent at the R2 position improved inhibitory activity 
(inhibitory activity: 9k > 9b, 9m > 9d, 9n > 9e). In a different manner, 
the presence of methyl group at R2 position caused bromo derivative 9p 
showed two-fold lower activity than its corresponding analog 8l in series 
A. Similarly, in chloro substituted derivative 9h, the absence of the 
methyl group led to better activity (inhibitory activity: 9h > 9o). 
Interestingly, the presence of the methyl group in methoxy derivative 
had a negligible effect on the inhibitory efficacity (9c and 9l). 

2.3. Kinetic study 

To evaluate the mechanism of inhibition of the new synthesized 
hybrid, the enzyme kinetic studies of the most active compound 9i were 
performed. The inhibition mode was determined by the Line
weaver–Burk plots and the Ki value was calculated from the second plots 
of the kinetic parameter (Km) versus different concentrations of inhib
itor 9i (Fig. 3A–B). As can be seen in Fig. 3A, the Lineweaver–Burk plots 
revealed that by increasing the concentration of compound 9i, the Vmax 
was not affected, while the Km increased [66–69]. It indicated that 
compound 9i competes with the substrate for binding at the active site of 
the α-glucosidase enzyme. Moreover, the inhibitory constant (Ki) of this 
compound was calculated as 56 µМ. 

Similarly, many recently developed organic-nitrogen compounds 

Fig. 2. Design strategy of novel quinazolinone-pyrazole derivatives as novel α-glucosidase inhibitors based on molecular hybridization of pharmacophoric units of 
potent reported α-glucosidase inhibitors A–D. 

F. Azimi et al.                                                                                                                                                                                                                                   



Bioorganic Chemistry 114 (2021) 105127

4

competitively inhibited the α-glucosidase [70,71]. Interestingly, to the 
best of our knowledge, none of the reported pyrazole-based inhibitor 
competitively inhibited the enzyme activity. 

2.4. α-Amylase inhibition assay 

Inhibition of α-amylase is also a relevant strategy to control post- 
prandial hyperglycemia through delayed carbohydrate digestion [72]. 
In this regard, the most potent compounds (9i, 9g, and 9k) were also 
evaluated for their inhibitory potential against α-amylase. Results 
revealed that these compound had no activity against α-amylase (at 300 
μM) when compared with acarbose as a standard α-amylase inhibitor 
(IC50 = 108 ± 0.71 μM). 

Non-halogenated derivative in recent developed bis-azo-containing 
Schiff base exhibited the highest inhibitory potential against both en
zymes (α-glucoside and α-amylase) [70]. 

2.5. Docking 

To acquire insight into the binding interactions of the newly syn
thesized quinazolinone-pyrazole derivatives in the active site of 
α-glucosidase, in silico docking studies were carried out by employing 

the GOLD 5.3 tool. Since the x-ray crystallographic structure S. cerevisiae 
α-glucosidase is still not available, a homology model of this enzyme was 
built and validated according to our reported method [73]. Compounds 
9i, 9g, 9k, 9m, and 9a were selected for docking studies. The superposed 
structure of these compounds and details of their interactions in the 
active site of a-glucosidase is shown in Fig. 4. 

From the docking calculation study, it was observed that compounds 
well nested into the active pocket of α-glucosidase and several favorable 
interactions support the high potency against the enzyme. The predicted 
binding mode of studied compounds indicated that the following in
teractions were mutual for them. (1) pyrazole core made T-shaped 
π-stacking interaction with Phe177, whereas the phenyl groups attached 
to the pyrazole moiety established hydrophobic interaction with resi
dues Arg439, Tyr71, Ala278 and Phe157. (2) π-alkyl and π-π T-shaped 
interactions formed between quinazolinone moiety and Arg312 and 
Phe157, respectively. (3) Furthermore, 4-chlorophenyl group directing 
toward the hydrophobic pocket comprising Phe300 and Val303. This 
pharmacophore showed two interactions with Phe300 and Val 303 
through chloro and one ᴨ-alkyl interaction with Val303 through phenyl 
ring, which could further fitted ligands tightly into the active site of the 
enzyme. (4) The amide linker forms two hydrogen bonds with active site 
residues, which played a significant role in stabilizing the enzyme- 

Scheme 1. Synthesis of target compounds 10a-p. Reagents and conditions: (a) NaHSO3, DMAC, 180 ◦C, 12 h; (b) Ethyl bromoacetate, K2CO3, acetone, rt, overnight; 
(c) N2H4⋅H2O, EtOH, reflux, 4 h; (d) H2SO4, EtOH, reflux, 8–12 h; (e) DMF, POCl3, 60 ◦C, 5–8 h; (f) AcOH, EtOH, reflux, overnight. 
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inhibitor complex. Asp408 made H-acceptor interaction with NH unit of 
amide moiety while Tyr313 formed H-acceptor interaction with the 
carbonyl of the same moiety. Similar types of interactions were also 
observed in newly developed N-alkyl–deoxynojirimycin derivatives 
[71]. 

Therefore, as expected, all pharmacophores used in the design of new 
hybrid have participated in binding with the catalytic residue that play a 
significant role in enhancing inhibition activity against the α-glucosi
dase enzyme. 

The most potent compound 9i made further interactions in addition 
to those described above and hydrophobic interactions have a greater 
contribution for binding of it (Fig. 4B). Bromo substituted phenyl is 

positioned in a hydrophobic pocket comprising the side chains of Asp68, 
His348, Tyr71 and Arg439 that allows the formation of highly stable 
complexes. As can be seen in the Fig. 5B and C, the comparison of 
interaction modes of compound 9g and 9i revealed that diphenyl pyr
azole moiety in compound 9g, unlike compound 9i established fewer 
hydrophobic interactions with the active site residues. On the other 
hand, the oxygen carbonyl of amide moiety of the compound 9g formed 
additional hydrogen bond interaction with Arg439, which could be a 
key factor in stabilizing this compound in the active site of the enzyme. 
Compound 9k, the most active compound in series B, formed two 
additional hydrogen bonds compared to compound 9i. Arg439 estab
lished a hydrogen bond with the oxygen atom of amide carbonyl and 
Tyr313 formed a hydrogen bond with carbonyl group of quinazolinone 
moiety. Also, this compound is involved in hydrophobic interactions 
with several residues such as His348, His245, His279, Tyr71 and Ala278 
through methyl-substituents at R1 and R2 (Fig. 4D). For further inves
tigation, the interaction mode of least active compounds in the series A 
and B (9a and 9m) were also analyzed in detail. Similar to compound 9g, 
an additional hydrogen bond is established between the oxygen atom of 
the amide carbonyl of compound 9a and the side chains of Arg439 
(Fig. 4E). Compound 9m showed additional hydrophobic interactions 
with His245, Leu218, Ala278 and Phe157 through methyl-substituted 
phenyl group while hydroxyl substitution was making a hydrogen 
bond with the oxygen atom of Asp68 (Fig. 4F). Other interactions are the 
same in both compound 9a and 9m. 

Further studies on gold fitness docking scores of compounds 9i 
(72.09), 9g (74.46), 9k (969.67), 9a (77.27) and 9m (64.48) revealed 
that they bound more easily to the active site than the standard drug 
acarbose (35.71). However, there was no good correlation between the 
docking scores and biological activities of compounds, indicating that 
some other factors rather than their binding mode to the active site were 
important. 

2.6. Molecular dynamic (MD) simulation 

MD simulation was performed in order to understand the effect of the 
best biologic active compound over the enzyme active site [74]. For this 
purpose, the structural perturbations incurred by the most potent 
compound (9i) has been investigated through the study the RMSD, 
RMSF and their effect on the active site environment in comparison to 
acarbose as α-glycosidase standard inhibitor and the apo-enzyme. The 
appropriate pose for MD simulation procedure of the compound 9i and 
acarbose were achieved by induced fit docking method. 

The stability of protein–ligand complex trajectories assessed by 

Fig. 3. Kinetic study of α-glucosidase inhibition by compound 9i. (A) The Lineweaver–Burk plot in the absence and presence of different concentrations of compound 
9i (μM); (B) the secondary plot between 1/Vmax and various concentrations of compound 9i. 

Table 1 
In vitro α-glucosidase inhibitory activity of compounds 9a-p.

Compound R1 R2 IC50(µM)a 

9a H H 186.6 ± 2.0 
9b CH3 H 138.3 ± 1.5 
9c OCH3 H 151.7 ± 1.8 
9d OH H 176.2 ± 1.9 
9e NO2 H 113.2 ± 1.0 
9f CF3 H 143.6 ± 1.6 
9g F H 79.5 ± 0.5 
9 h Cl H 107.1 ± 0.8 
9i Br H 60.5 ± 0.3 
9j H CH3 148.7 ± 1.6 
9k CH3 CH3 91.7 ± 0.7 
9l OCH3 CH3 155.2 ± 1.8 
9m OH CH3 167.2 ± 1.9 
9n NO2 CH3 105.7 ± 0.8 
9o Cl CH3 124.6 ± 1.1 
9p Br CH3 133.6 ± 1.4 
Acarbose – – 750.0 ± 10.0  

a Values are the mean ± SD. All experiments were performed at least three 
times. 
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analyzing the root mean square deviation (RMSD) of the enzymes’s 
backbone over the 20 ns MD simulation. The RMSD value of the un
bounded α-glycosidase enzyme depicts higher RMSD value than the 
other two bounded-state enzyme complexes. The RMSD value signifi
cantly increased during the first 5 ns up to 2.7 Å and steadily fluctuated 
to the next 10 ns and become more stable for the last 5 ns of simulation 
time with the value of 2.6 Å. Moreover, based on the RMSD value of 
α-glycosidase complexed with acarbose and compound 9i, the bounded 
state enzymes were stable during the simulation time with the lower 
RMSD value of 1.8 Å and 2 Å, respectively (Fig. 5). The mentioned 
outcome may cause as a result of more structural rigidity due to the 
active site bounding state and proposed the importance of active site 
domain on the structural flexibility of α-glycosidase enzyme. 

The RMSD value for the 5 ns at the terminal section of MD simulation 
was used to investigate the structural specificity of α-glycosidase-ligand 
complexes. 

Moreover, the detailed residue-based flexibility of protein structure 

can be evaluated through investigating the RMSF value in which eval
uate the fluctuation of the protein backbone structure from its average 
position throughout the whole simulation time [75]. The residue RMSF 
values of the α-glycosidase unbounded enzyme and the enzyme in the 
bounded state showed that, the unbounded enzyme (blue color line) had 
higher RMSF fluctuations compared to the α-glycosidase bound-states 
(green and red colored line) (Fig. 6-a). According to the result, the 
mentioned lower RMSF value occurs upon ligand binding to the enzyme, 
in which residues movement decrease as a result of non-bonding inter
action between the ligand and the enzyme active site residues. More
over, Fig. 6a depicted that there are four structural segments which 
revealed different RMSF pattern upon ligand binding including; B 
domain loop and the active site lid (both in pink dash box), A domain 
and B domain sides of the active site entrance (orange and blue dash 
boxes, respectively). 

Based on Fig. 6a and b, the RMSF value of the B domain loop residues 
would have decreased in α-glycosidase/acarbose and compound 9i 
bound-state rather than unbounded α-glycosidase enzyme. Furthermore, 
both acarbose and compound 9i bonding state show the same RMSF 
value and the ligand-binding pattern except the region over the active 
site lid. The flexibility of the active site lid was not only the lowest in 
unbounded enzyme, but the mentioned segment flexibility revealed 
higher in α-glycosidase complexed with acarbose rather than compound 
9i. Furthermore, Fig. 6b depicts the interaction of acarbose and com
pound 9i with several residues located both on A and B domain sides of 
the active site mouth. Also, acarbose showed more interaction with the 
A side domain of the active site entrance (orange dash line in α-glyco
sidase/acarbose), while compound 9i provided a higher number of in
teractions with the residues of the B domain side (blue dash line in 
α-glycosidase/compound 9i). So, it can be proposed that the lower RMSF 
value of the active site lid has occurred as a result of higher ligand in
teractions with the B domain side of the active site mouth. In addition, 
Fig. 6c and d depict the close-up representation of the active site mouth 
in association with the corresponding residues of A and B domains at 
both sides of the active site entrance. 

Fig. 5. RMSD of the α-glycosidase backbone in complexed with acarbose (in 
red), compound 9i (in green) and the unbound enzyme (in blue) for over 20 ns 
MD simulation time. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 4. (a) 9i, 9g, 9k, 9m and 9a superimposed in the active site pocket of modeled α-glucosidase. The predicted binding modes of (B) 9i, (C) compound 9g, (D) 
compound 9k (E) compound 9m and (F) compound 9a, in the active site pocket. Residues that may be involved in the interactions of compound binding are drawn 
with stick model and shown in different colors. (The colored symbols are as following, dark gray: carbon, light gray: hydrogen, red: oxygen, blue: nitrogen, green: 
chlorine. The possible hydrogen-bond interactions are indicated with dashed green lines). (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.) 
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Overall, based on the result of the RMSF plot, acarbose and com
pound 9i have almost the same interaction pattern through the whole 
α-glycosidase active site structure. The only dissimilarity comes from the 
active site lid flexibility in which we can propose that compound 9i 
along with more interaction over the B domain side of the active site 
entrance, has a dominant effect in the rigidity of active site lid rather 
than acarbose which has more interaction with the A domain side of the 
α-glycosidase active site entrance. 

Fig. 7a and b represent the detailed orientation and interactions that 
occurred more than 30% of the simulation time during the equilibrated 
phase over the α-glycosidase complexed with compound 9i. The inter
action inspection depicts compound 9i stabilized into the enzyme do
mains by interacting with residues Phe300, Glu276, Arg212, Arg312, 
Pro309, and Leu218 from the A domain side and Phe157 and Phe177 
from the B domain side of the active site mouth. In the case of acarbose, 
it disposed vertically and formed non-binding interactions with residues 
Phe311, Asn241, Arg439, Asp68, His245, Asp349, Asp214, which 
belong to the domain A of the enzyme (Fig. 7c). Furthermore, Fig. 7a and 

b represent four important structural moieties in stabilizing compound 
9i into the active site of α-glycosidase. The first one is the phenyl pyr
azole and the quinazoline rings, which oriented toward the front side of 
the active site and interacted with Phe177 and Phe157 at the B side of 
the active site mouth through Van Der Waals and T-shape π-π hydro
phobic interactions for about 51% and 60% of the simulation time, 
respectively. The next part is related to the bromo phenyl and chloro 
phenyl moieties which pointed toward the back part of the active site 
and mainly interacted with Arg212 and Arg312 residues through 
π-cation interactions for almost the whole amount of simulation time 
(95% and 91% of MD time, respectively). Along with these interactions, 
the acetohydrazide group interacted with Asp408 located at the back 
part of the active site (previously known as back wall helix) through H- 
bond interaction with the C––O group for about 61% of the simulation 
time. Besides these stabilizing interactions, the pyrazole ring provided 
steady interaction with Glu276 which is one of the active site catalytic 
residue for significantly 85% of simulation time. 

Based on the MD study, it can reveal that compound 9i not only like 

Fig. 6. RMSF plot of the α-glycosidase backbone in complexed with compound 9i (in yellow) and acarbose (in green) and the unbounded enzyme (in red) for over 20 
ns MD simulation time (a). Ligand binding location of α-glycosidase in bound and unbound-state for over 20 ns MD simulation time (α-helical and ß-strand regions are 
highlighted in red and blue backgrounds, respectively) (b). 3D representation of α-glycosidase structure. Enzyme domain of A, B and C are colored in yellow, blue, 
and orange, respectively. The the flexible regions correspond to the B domain loop and the active site lid are colored in pink (c). Close-up representation of 
α-glycosidase active site (d). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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as acarbose stabilized through hydrophobic and H-bond interaction with 
A domain side of the active side mouth (Fig. 7d) but also provided 
persistent and strong interactions with the B domain side of the active 
side mouth, the back side of the active site and the catalytic residue 
during the MD simulation time which may propose the contribution to 
the higher α-glycosidase inhibition activity of the mentioned compound. 

Finally, the binding free energies calculated by performing the MM- 
GBSA method, is which known as one of the rigorous and efficient 
methods to estimate relative binding affinities have been performed to 
predict the strength of compound’s affinity over the enzyme active site 
[76,77]. In this way, a number of 102 snapshots were extracted at time 
interval of 50 ps from the last 5 ns of equilibrated MD trajectories which 
can provide scope for predicting the biological activity of compound 9i. 
The calculated binding free energies (ΔGbind) and the individual energy 
components reveal that the binding free energies of α-glycosidase 
complexed with compound 9i are obviously higher than acarbose 
(− 93.14 ± 7.80 vs. − 62.49 ± 2.90 kcal.mol− 1, respectively) during the 
equilibrated phase of MD simulation time which may attribute to the 
more stabilizing effect of compound 9i over the A and B domain of the 
enzyme. 

3. Conclusion 

In conclusion, a novel series of quinazolinone-pyrazole derivatives 
were designed, synthesized and evaluated for α-glucosidase inhibitory 
activities. The results of the in vitro screening indicated that newly 
synthesized hybrids demonstrated inhibitory activities around 12–4 
folds more than acarbose as standard drug. Among them, compound 9i 
with the IC50 values of 60.5 ± 0.3 µM was found to be the most potent 

compound. The analysis of the structure–activity relationship indicated 
that substitution at R1 position as well as their electron property plays an 
important role in in vitro α-glucosidase inhibitory activity. On the other 
hand, the efficacy of the methyl group at the R2 position was affected by 
the nature of substitutions at the R1 position. Analysis of the kinetics of 
enzyme inhibition indicated that compound 9i inhibited α-glucosidase 
in a competitive inhibition manner (Ki = 56 µM). Further, the in silico 
studies were performed to get insights into the molecular interaction of 
compounds with the active site of the enzyme. Docking study of com
pounds 9i, 9g, 9k, 9m and 9a revealed that they behave almost similar to 
exhibit the inhibitory potential and well fitted in the active site of 
α-glucosidase through both hydrophobic and hydrogen interactions. As 
expected, all pharmacophoric moiety used in the initial structure design 
(biphenyl pyrazole, 2-(4-chlorophenyl)-quinazolin-4(3H)-one and 
amide moiety) playing a pivotal role in the interaction with the binding 
site of the α-glucosidase enzyme. Hence, these compounds could be 
promising hits for further research towards the treatment of hypergly
cemia and associated disorders. MD simulations showed compound 9i 
oriented inside the active site and stabilized through four important 
structural moieties; the phenyl pyrazole and the quinazoline rings which 
oriented toward the front side of the active site, the bromo phenyl and 
the chloro phenyl moiety which pointed toward the back part of the 
active site, the acetohydrazide group interacted at the back part of the 
active site and the pyrazole ring provided steady interaction with 
Glu276 which is one of the active site catalytic residue. These groups 
constructed a new nucleus which provided a significant role for inhi
bition activity of the mentioned compound. 

Fig. 7. The detailed orientation and ligand atom interactions that occurred more than 30.0% of the simulation time during the equilibrated phase over α-glycosidase 
complexed with compound 9i (a, b) and acarbose (c, d). Domain A, domain B and the flap region covered the mouth of the active site colored in yellow, blue and 
pink, respectively. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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4. Experimental 

All the chemicals and solvents were purchased from Merck (Ger
many) and Sigma Aldrich (USA). Melting points (mp) of all derivatives 
were measured on a Kofler hot stage apparatus and uncorrected. Re
actions were monitored by thin-layer chromatography (TLC) using 
precoated silica-gel plates (Merck, TLC silica gel 60 F254), and the plots 
were visualized through UV light at wavelengths of 254 and 365 nm. 1H 
and 13C NMR spectra was recorded on Avance Bruker AV-500 MHz 
spectrometer in DMSO‑d6 and tetramethylsilane was used as internal 
standard. Infrared spectra (IR) were recorded on Shimadzu 8400 S FT-IR 
using KBr disc. Elemental analysis of title compounds 9a-p was per
formed on an Elemental Analyzer system GmbH VarioEL CHN mode. 

4.1. General procedure for the synthesis of 2-(4-chlorophenyl)quinazolin- 
4(3H)-one 2 

Anthranilamide 1 (20 mmol) was treated with 4-choloro benzalde
hyde (20 mmol) in DMAC in the presence of NaHSO3 (40 mmol) and the 
mixture was heated at 180 ◦C for 15 h. After completion of the reaction 
(checked by TLC), the mixture was cooled to room temperature and 
poured into ice–water (100 mL). The formed precipitate was collected 
by filtration and washed successively with water. The product was 
recrystallized from ethyl acetate/petroleum ether to provide 2-(4- 
chlorophenyl)quinazolin-4(3H)-one 2 as pale yellow solid [60]. 

4.2. General procedure for the synthesis of ethyl 2-(2-(4-chlorophenyl)-4- 
oxoquinazolin-3(4H)-yl)acetate 3 

The mixture of 2-(4-chlorophenyl)quinazolin-4(3H)-one 2 (15 
mmol) and Anhydrous K2CO3 (30 mmol) in acetone (15 mL) stirred for 
10 min at room temperature. Then, ethyl bromoacetate (15 mmol) was 
added to the stirring solution and the reaction was continued at room 
temperature for 15 h. Upon completion, checked by TLC, the mixture 
was poured into 100 mL of water. The precipitated products 3 were 
filtered off, washed with water, and recrystallized from ethanol–water 
[78]. 

4.3. General procedure for the synthesis of 2-(2-(4-chlorophenyl)-4- 
oxoquinazolin-3(4H)-yl)acetohydrazide 4 

5 mL hydrazine hydrate was added to a solution of compound 3 (10 
mmol) in ethanol (15 mL). The reaction mixture was heated under reflux 
for 6 h. Reaction progress was monitored using TLC. After completion of 
the reaction, the solvent volume was reduced to half the original volume 
in a rotary evaporator, under reduced pressure. Upon cooling, the 
separated solid was filtered, washed with water and dried. The solid 
obtained was recrystallized with ethanol to get crystals of pure product 4 
[78]. 

4.4. General procedure for the synthesis of 1,3-disubstituted pyrazole-4- 
carbaldehydes 8a-p 

A mixture of substituted acetophenone 6 (10 mmol) and 4- 
substituted phenylhydrazine 7 (12 mmol) in ethanol (15 mL) was 
heated under reflux in the presence of a catalytic amount of anhydrous 
acetic acid (0.5 mL) at 70 ◦C for 8–12 h. After completion of the reaction, 
the mixture was cooled at room temperature and the precipitate was 
allowed to settle down, filtered, washed with ethanol and dried in vacuo 
to afford hydrazone intermediate 7a-p. In the next step, hydrazone in
termediate 7a-p (10 mmol) was added to a cold solution of dime
thylformamide (10 mL) and phosphoryl chloride (30 mmol) and the 
resulting mixture was heated at 60 ◦C for 5–8 h. After the completion of 
the reaction (checked by TLC), the mixture was cooled and poured into a 
slurry of ice/saturated solution of sodium bicarbonate. The solid product 
obtained was filtered, washed with and crystallized in ethanol to afford 

pure product [79]. 

4.5. General procedure for the synthesis of quinazolinone-pyrazole 
hybrids 9a-p 

Equimolar quantities (1 mmol) of appropriate pyrazole-4- 
carbaldehyde derivative 8a-p and 2-(2-(4-chlorophenyl)-4-oxoquinazo
lin-3(4H)-yl)acetohydrazide 4 were dissolved in warm ethanol with a 
catalytic amount of glacial acetic acid and the reaction was refluxed 
for>16 h. After completion (TLC), the solvent was evaporated in vac
uum to half its volume and cooled to room temperature. After cooling, 
the solid obtained was separated by filtration, washed with water, dried, 
and recrystallized with ethanol to get the target compound 9a-p. The 
target compounds were obtained as a mixture of Z and E isomers. The 
percentage of isomers was calculated by NMR [80]. 

4.5.1. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((1,3- 
diphenyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9a) 

White powder; yield: 83%, mp 248–249 ◦C. IR (KBr, cm− 1): 3450 
(N–H), 3053 (C–H), 1668 (C––O), 1649 (C––O), 1639 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 58%:42%) δ 11.83 
(s, 1H, NH), 11.61 (s, 1H, NH), 9.11 (s, 1H, H5-pyr), 8.99 (s, 1H, H5-pyr), 
[8.53–8.38 (m, 2H), 8.30–8.24 (m, 2H), 8.06–7.94 (m, 4H), 7.82–7.67 
(m, 3H), 7.60–7.41 (m, 7H), 7.40–7.32 (m, 1H)] (19H, Ar–H and 
CH––N), 5.67 (s, 2H, CH2), 5.25 (s, 2H, CH2). 13C NMR (101 MHz, 
DMSO, mixture of two isomers) δ 167.8, 165.9, 165.7, 163.2, 157.5, 
151.8, 151.2, 140.7, 138.9, 137.0, 135.9, 135.8, 135.7, 135.6, 134.6, 
132.2, 131.9, 129.7, 129.6, 129.5, 129.5, 128.7, 128.6, 128.6, 128.5, 
128.5, 128.4, 128.4, 128.3, 127.6, 127.5, 127.1, 126.9, 123.5, 123.3, 
118.7, 118.6, 116.7, 116.5, 114.3, 114.3, 64.6, 63.5. Anal. Calcd for 
C32H23ClN6O2: C, 68.75; H, 4.15; N, 15.03. Found: C, 68.02; H, 4.56; N, 
15.66. 

4.5.2. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((1-phenyl-3- 
p-tolyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9b) 

White powder; yield: 85%, mp 259–261 ◦C. IR (KBr, cm− 1): 3405 
(N–H), 3120 (C–H), 1689 (C––O), 1655 (C––O), 1644 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 58%:42%) δ 11.82 
(s, 1H, NH), 11.60 (s, 1H, NH), 9.09 (s, 1H, H5-pyr), 8.96 (s, 1H, H5-pyr), 
[8.52–8.40 (m, 2H), 8.31–8.20 (m, 2H), 8.05–7.95 (m, 4H), 7.76–7.59 
(m, 3H), 7.58–7.46 (m, 4H), 7.42–7.30 (m, 3H)] (18H, Ar–H and 
CH––N), 5.70 (s, 2H, CH2), 5.25 (s, 2H, CH2), 2.40 (s, 3H, CH3), 2.33 (s, 
3H, CH3). 13C NMR (101 MHz, DMSO, mixture of two isomers) δ 167.8, 
166.0, 163.1, 157.5, 151.8, 151.2, 151.2, 140.8, 138.9, 138.1, 138.0, 
137.1, 135.9, 135.6, 134.6, 129.7, 129.6, 129.5, 129.5, 129.3, 129.3, 
129.1, 129.0, 128.6, 128.2, 128.1, 127.6, 127.5, 127.1, 126.8, 123.5, 
123.3, 118.7, 118.6, 116.6, 116.4, 114.3, 114.3, 64.6, 63.5, 20.8, 20.8. 
Anal. Calcd for C33H25ClN6O2: C, 69.17; H, 4.40; N, 14.67. Found: C, 
69.56; H, 3.88; N, 14.98. 

4.5.3. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9c) 

White powder; yield: 79%, mp 241–243 ◦C. IR (KBr, cm− 1): 3450 
(N–H), 3115 (C–H), 1678 (C––O), 1649 (C––O), 1639 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 58%:42%) δ 11.82 
(s, 1H, NH), 11.60 (s, 1H, NH), 9.07 (s, 1H, H5-pyr), 8.96 (s, 1H, H5-pyr), 
[8.51–8.42 (m, 2H), 8.34–8.18 (m, 2H), 8.03–7.98 (m, 4H), 7.74–7.67 
(m, 3H), 7.57–7.50 (m, 4H), 7.43–7.27 (m, 1H), 7.12–7.06 (m, 2H)] 
(18H, Ar–H and CH––N), 5.70 (s, 2H, CH2), 5.25 (s, 2H, CH2), 3.84 (s, 
3H, OCH3), 3.76 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO, mixture of 
two isomers) δ 167.8, 166.0, 165.7, 163.1, 159.5, 159.4, 157.5, 151.6, 
151.2, 151.0, 140.9, 138.9, 137.2, 135.9, 135.8, 135.7, 135.6, 134.6, 
129.7, 129.7, 129.7, 129.6, 129.5, 129.5, 128.6, 128.2, 127.6, 127.5, 
127.1, 126.8, 124.5, 124.2, 123.5, 123.3, 118.6, 118.5, 116.5, 116.2, 
114.3, 114.3, 114.1, 113.9, 63.5, 55.2, 55.1. Anal. Calcd for 
C33H25ClN6O3: C, 67.29; H, 4.28; N, 14.27. Found: C, 67.62; H, 3.88; N, 
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14.82. 

4.5.4. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9d) 

White powder; yield: 81%, mp 256–258 ◦C. IR (KBr, cm− 1): 3477 
(N–H), 3035 (C–H), 1681 (C––O), 1651 (C––O), 1642 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 58%:42%) δ 11.91 
(s, 1H, NH), 11.68 (s, 1H, NH), 9.15 (s, 1H, H5-pyr), 9.03 (s, 1H, H5-pyr), 
[(8.63–8.49 (m, 2H), 8.43–8.29 (m, 2H), 8.13–8.07 (m, 4H), 7.85–7.81 
(m, 1H), 7.74–7.58 (m, 6H), 7.49–7.43 (m, 1H), 7.05–6.99 (m, 2H)] 
(18H, Ar–H and CH––N), 5.82 (s, 2H, CH2), 5.36 (s, 2H, CH2). 13C NMR 
(101 MHz, DMSO, mixture of two isomers) δ 167.8, 166.0, 165.7, 163.1, 
157.9, 157.8, 157.5, 152.1, 151.4, 151.2, 141.0, 139.0, 137.4, 135.9, 
135.9, 135.7, 135.6, 134.6, 129.7, 129.7, 129.7, 129.6, 129.5, 129.5, 
128.6, 128.5, 128.0, 127.6, 127.5, 126.8, 126.7, 123.5, 123.3, 122.8, 
122.6, 118.6, 118.4, 116.3, 116.1, 115.5, 115.3, 114.3, 64.6, 63.5. Anal. 
Calcd for C32H23ClN6O3: C, 66.84; H, 4.03; N, 14.62. Found: C, 66.23; H, 
4.35; N, 14.24. 

4.5.5. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9e) 

White powder; yield: 85%, mp 268–270 ◦C. IR (KBr, cm− 1): 3448 
(N–H), 3045 (C–H), 1680(C––O), 1654 (C––O), 1640 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 57%:43%) δ 11.96 
(s, 1H, NH), 11.70 (s, 1H, NH), 9.17 (s, 1H, H5-pyr), 9.06 (s, 1H, H5-pyr), 
[8.50–8.48 (m, 1H), 8.42–8.22 (m, 5H), 8.17–8.10 (m, 2H), 8.05–7.96 
(m, 4H), 7.75–7.70 (m, 1H), 7.62–7.49 (m, 4H), 7.44–7.38 (m, 1H)] 
(18H, Ar–H and CH––N), 5.61 (s, 2H, CH2), 5.28 (s, 2H, CH2). 13C NMR 
(101 MHz, DMSO, mixture of two isomers) δ 167.9, 165.9, 157.5, 151.2, 
148.6, 147.0, 138.8, 138.7, 136.5, 135.9, 135.6, 134.6, 130.0, 129.7, 
129.6, 129.5, 129.5, 129.4, 128.9, 128.6, 127.6, 127.5, 127.3, 123.7, 
123.6, 123.3, 118.9, 118.8, 117.4, 114.3, 64.5, 63.4. Anal. Calcd for 
C32H22ClN7O4: C, 63.63; H, 3.67; N, 16.23. Found: C, 63.25; H, 3.12; N, 
16.45. 

4.5.6. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((1-phenyl-3- 
(4(trifluoromethyl)phenyl)-1H-pyrazol-4-yl)methylene)acetohydrazide (9f) 

White powder; yield: 81%, mp 260–262 ◦C. IR (KBr, cm− 1): 3438 
(N–H), 3055 (C–H), 1684 (C––O), 1660 (C––O), 1638 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 61%:39%) δ 11.84 
(s, 1H, NH), 11.63 (s, 1H, NH), 9.15 (s, 1H, H5-pyr), 9.04 (s, 1H, H5-pyr), 
[8.52––8.44 (m, 1H), 8.43–8.38 (m, 1H), 8.31–8.23 (m, 2H), 8.05–7.97 
(m, 6H), 7.90–7.82 (m, 2H), 7.75–7.68 (m, 1H), 7.61–7.49 (m, 4H), 
7.43–7.37 (m, 1H)] (18H, Ar–H and CH––N), 5.57 (s, 2H, CH2), 5.27 (s, 
2H, CH2). 13C NMR (101 MHz, DMSO, mixture of two isomers) δ 167.8, 
165.9, 163.3, 157.5, 151.2, 149.5, 138.8, 136.6, 135.9, 135.7, 135.6, 
134.6, 129.7, 129.6, 129.6, 129.2, 129.2, 129.1, 128.6, 128.2, 127.6, 
127.5, 127.1, 125.4, 125.3, 125.3, 123.5, 123.3, 118.8, 118.7, 117.1, 
114.3, 64.6, 63.3. Anal. Calcd for C33H22ClF3N6O2: C, 63.21; H, 3.54; N, 
13.40. Found: C, 63.44; H, 3.21; N, 13.82. 

4.5.7. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9g) 

White powder; yield: 85%, mp 259–261 ◦C. IR (KBr, cm− 1): 3448 
(N–H), 3047 (C–H), 1670 (C––O), 1650 (C––O), 1641 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 59%:41%) δ 11.91 
(s, 1H, NH), 11.70 (s, 1H, NH), 9.19 (s, 1H, H5-pyr), 9.07 (s, 1H, H5-pyr), 
[8.58–8.49 (m, 2H), 8.40–8.27 (m, 2H), 8.10–8.06 (m, 4H), 7.95–7.88 
(m, 2H), 7.82–7.78 (m, 1H), 7.68–7.55 (m, 4H), 7.51–7.38 (m, 3H)] 
(18H, Ar–H and CH––N), 5.74 (s, 2H, CH2), 5.34 (s, 2H, CH2). 13C NMR 
(101 MHz, DMSO, mixture of two isomers) δ 167.8, 165.9, 165.7, 163.4, 
163.2, 161.0, 157.5, 151.2, 150.7, 150.1, 140.5, 138.9, 136.9, 135.9, 
135.8, 135.7, 135.6, 134.6, 130.6, 130.6, 130.5, 130.5, 129.7, 129.6, 
129.6, 129.5, 128.7, 128.7, 128.6, 128.5, 127.6, 127.5, 126.9, 123.5, 
123.3, 118.7, 118.6, 116.6, 116.5, 115.7, 115.5, 115.3, 114.3, 64.6, 
63.4. Anal. Calcd for C32H22ClFN6O2: C, 66.61; H, 3.84; N, 14.56. Found: 

C, 66.18; H, 3.29; N, 14. 

4.5.8. N′-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-2- 
(2-(4-chlorophenyl)-4-oxoquinazolin-3(4H)-yl)acetohydrazide (9 h) 

White powder; yield: 79%, mp 263–265 ◦C. IR (KBr, cm− 1): 3456 
(N–H), 3100 (C–H), 1683 (C––O), 1662 (C––O), 1650 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 57%:43%) δ 11.70 
(br s, 1H, NH), 9.11 (s, 1H, H5-pyr), 8.98 (s, 1H, H5-pyr), [8.51–8.37 (m, 
2H), 8.31–8.19 (m, 2H), 8.07–7.93 (m, 4H), 7.85–7.89 (m, 2H), 
7.74–7.70 (m, 1H), 7.61–7.47 (m, 6H), 7.42–7.33 (m, 1H)] (18H, Ar–H 
and CH––N), 5.65 (s, 2H, CH2), 5.25 (s, 2H, CH2). 13C NMR (101 MHz, 
DMSO, mixture of two isomers) δ 167.9, 166.0, 165.8, 157.5, 151.2, 
150.3, 149.8, 140.2, 138.8, 136.8, 135.9, 135.9, 135.6, 134.6, 133.3, 
133.2, 131.1, 130.1, 130.0, 129.7, 129.6, 129.6, 129.5, 128.9, 128.6, 
128.6, 128.5, 128.5, 127.7, 127.6, 127.5, 127.0, 123.5, 123.3, 118.7, 
118.6, 116.8, 114.3, 64.7, 63.5. Anal. Calcd for C32H22Cl2N6O2: C, 
64.76; H, 3.74; N, 14.16. Found: C, 64.36; H, 3.32; N, 14.56. 

4.5.9. N′-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-2- 
(2-(4-chlorophenyl)-4-oxoquinazolin-3(4H)-yl)acetohydrazide (9i) 

White powder; yield: 83%, mp 271–273 ◦C. IR (KBr, cm− 1): 3446 
(N–H), 3060 (C–H), 1680 (C––O), 1660 (C––O), 1646 (C––N). 1H NMR 
(400 MHz, DMSO‑d6+, mixture of two isomers E:Z = 62%:38%) δ 11.83 
(s, 1H, NH), 11.62 (s, 1H, NH), 9.11 (s, 1H, H5-pyr), 9.00 (s, 1H, H5-pyr), 
[8.50–8.41 (m, 2H), 8.32–8.19 (m, 2H), 8.05–7.94 (m, 4H), 7.81–7.66 
(m, 5H), 7.59–7.47 (m, 4H), 7.41–7.36 (m, 1H)] (18H, Ar–H and 
CH––N), 5.64 (s, 2H, CH2), 5.26 (s, 2H, CH2). 13C NMR (101 MHz, 
DMSO, mixture of two isomers) δ 167.8, 165.9, 165.7, 163.2, 157.5, 
151.2, 150.4, 149.8, 140.4, 138.8, 136.8, 135.9, 135.8, 135.7, 135.6, 
134.6, 131.6, 131.5, 131.4, 131.1, 130.4, 130.4, 129.7, 129.6, 129.6, 
129.5, 129.0, 128.6, 127.9, 127.6, 127.5, 127.0, 123.5, 123.3, 122.0, 
121.9, 118.8, 118.6, 116.8, 116.6, 114.3, 64.6, 63.4. Anal. Calcd for 
C32H22BrClN6O2: C, 60.25; H, 3.48; N, 13.17. Found: C, 59.98; H, 3.71; 
N, 13.37. 

4.5.10. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-phenyl- 
1-p-tolyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9j) 

White powder; yield: 78%, mp 282–285 ◦C. IR (KBr, cm− 1): 3438 
(N–H), 3095 (C–H), 1681 (C––O), 1673 (C––O), 1649 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 60%:40%) δ 11.93 
(s, 1H, NH), 11.71 (s, 1H, NH), 9.17 (s, 1H, H5-pyr), 9.04 (s, 1H, H5-pyr), 
[8.63–8.51 (m, 2H), 8.42–8.31 (m, 2H), 8.13–8.10 (m, 2H), 8.01–7.98 
(m, 2H), 7.89–7.80 (m, 3H), 7.70–7.52 (m, 5H), 7.48–7.42 (m, 2H)] 
(18H, Ar–H and CH––N), 5.78 (s, 2H, CH2), 5.36 (s, 2H, CH2), 2.48 (s, 
3H, CH3), 2.46 (s, 3H, CH3). 13C NMR (101 MHz, DMSO, mixture of two 
isomers) δ 167.8, 165.9, 165.7, 163.1, 157.5, 151.6, 151.2, 150.9, 
140.7, 137.1, 136.7, 136.3, 135.9, 135.8, 135.7, 135.6, 134.6, 132.2, 
131.9, 129.9, 129.9, 129.7, 129.6, 128.7, 128.6, 128.5, 128.5, 128.5, 
128.4, 128.3, 128.0, 127.6, 127.5, 126.9, 123.5, 123.3, 118.7, 118.5, 
116.5, 116.3, 114.3, 114.3, 64.6, 63.5, 20.4. Anal. Calcd for 
C33H25ClN6O2: C, 69.17; H, 4.40; N, 14.67. Found: C, 69.42; H, 4.59; N, 
14.26. 

4.5.11. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((1,3-dip- 
tolyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9k) 

White powder; yield: 82%, mp 266–268 ◦C. IR (KBr, cm− 1): 3458 
(N–H), 3022 (C–H), 1694 (C––O), 1653 (C––O), 1643 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 58%:42%) δ 11.80 
(s, 1H, NH), 11.59 (s, 1H, NH), 9.03 (s, 1H, H5-pyr), 8.90 (s, 1H, H5-pyr), 
[8.51–8.42 (m, 3H), 8.32–8.20 (m, 2H), 8.03–7.99 (m, 2H), 7.87 (d, J =
8.4 Hz, 2H), 7.75–7.71 (m, 1H), 7.67–7.60 (m, 2H), 7.54–7.48 (m, 2H), 
7.38–7.30 (m, 4H)] (17H, Ar–H and CH––NCH––N), 5.70 (s, 2H, CH2), 
5.25 (s, 2H, CH2), 2.40 (s, 3H, CH3), 2.36 (s, 3H, CH3), 2.35 (s, 3H, CH3), 
2.33 (s, 3H, CH3). 13C NMR (101 MHz, DMSO, mixture of two isomers) δ 
167.8, 165.9, 165.7, 163.1, 157.5, 151.6, 151.2, 151.0, 140.9, 138.0, 
137.9, 137.2, 136.7, 136.2, 135.9, 135.8, 135.7, 135.6, 134.6, 129.9, 
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129.8, 129.7, 129.6, 129.3, 129.2, 129.1, 128.7, 128.5, 128.5, 128.4, 
128.2, 127.8, 127.6, 127.5, 126.8, 123.5, 123.3, 118.6, 118.4, 116.4, 
116.2, 114.3, 114.3, 64.6, 63.5, 20.8, 20.8, 20.4. Anal. Calcd for 
C34H27ClN6O2: C, 69.56; H, 4.64; N, 14.32. Found: C, 69.81; H, 4.21; N, 
14.61. 

4.5.12. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
methoxyphenyl)-1-p-tolyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9l) 

White powder; yield: 78%, mp 275–277 ◦C. IR (KBr, cm− 1): 3462 
(N–H), 3018(C–H), 1682 (C––O), 1651 (C––O), 1648 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 60%:40%) δ 11.91 
(s, 1H, NH), 11.69 (s, 1H, NH), 9.11 (s, 1H, H5-pyr), 8.98 (s, 1H, H5-pyr), 
[8.60–8.52 (m, 2H), 8.44–8.24 (m, 2H), 8.11 (s, 2H), 7.96 (d, J = 8.0 Hz, 
2H), 7.82–7.85 (m, 3H), 7.60 (d, J = 8.1 Hz, 2H), 7.49–7.35 (m, 2H), 
7.25–7.10 (m, 2H)] (17H, Ar–H and CH––N), 5.79 (s, 2H, CH2), 5.34 (s, 
2H, CH2), 3.93 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 2.45 (s, 3H, CH3). 13C 
NMR (101 MHz, DMSO, mixture of two isomers) δ 167.8, 166.0, 165.7, 
163.1, 159.5, 159.4, 157.5, 151.4, 151.2, 150.8, 140.9, 137.3, 136.7, 
136.1, 135.9, 135.8, 135.7, 135.6, 134.6, 129.9, 129.8, 129.7, 129.6, 
129.6, 129.6, 128.6, 128.5, 127.9, 127.6, 127.5, 126.9, 124.6, 124.3, 
123.5, 123.3, 118.6, 118.4, 116.2, 116.0, 114.3, 114.3, 114.1, 113.9, 
64.6, 63.5, 55.2, 55.1, 20.4. Anal. Calcd for C34H27ClN6O3: C, 67.71; H, 
4.51; N, 13.94. Found: C, 67.41; H, 4.83; N, 13.25. 

4.5.13. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
hydroxyphenyl)-1-p-tolyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9m) 

White powder; yield: 75%, mp 265–267 ◦C. IR (KBr, cm− 1): 3435 
(N–H), 2972 (C–H), 1689 (C––O), 1641 (C––O), 1639 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 57%:43%) δ 11.79 
(s, 1H, NH), 11.55 (s, 1H, NH), 8.98 (s, 1H, H5-pyr), 8.85 (s, 1H, H5-pyr), 
[8.52–8.38 (m, 2H), 8.33–8.17 (m, 2H), 8.02 (d, J = 3.4 Hz, 2H), 7.85 
(d, J = 8.5 Hz, 2H), 7.75–7.71 (m, 1H), 7.63–7.47 (m, 4H), 7.35–7.30 
(m, 2H), 6.94–6.88 (m, 2H)] (17H, Ar–H and CH––N), 5.71 (s, 2H, 
CH2), 5.25 (s, 2H, CH2), 2.36 (s, 3H, CH3), 2.34 (s, 3H, CH3). 13C NMR 
(101 MHz, DMSO, mixture of two isomers) δ 167.7, 166.0, 163.1, 157.9, 
157.8, 157.5, 151.9, 151.2, 141.1, 137.5, 136.8, 136.1, 135.9, 135.7, 
135.6, 134.6, 129.9, 129.8, 129.7, 129.7, 129.6, 129.6, 128.6, 128.5, 
127.7, 127.6, 127.5, 126.6, 123.5, 123.3, 122.9, 118.5, 118.3, 116.0, 
115.8, 115.5, 115.2, 114.3, 64.6, 63.5, 20.4. Anal. Calcd for 
C33H25ClN6O3: C, 67.29; H, 4.28; N, 14.27. Found: C, 66.81; H, 4.52; N, 
14.73. 

4.5.14. 2-(2-(4-Chlorophenyl)-4-oxoquinazolin-3(4H)-yl)-N′-((3-(4- 
nitrophenyl)-1-p-tolyl-1H-pyrazol-4-yl)methylene)acetohydrazide (9n) 

White powder; yield: 82%, mp 269–271 ◦C. IR (KBr, cm− 1): 3500 
(N–H), 3003 (C–H), 1685 (C––O), 1651 (C––O), 1640 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 59%:41%) δ 12.06 
(s, 1H, NH), 11.81 (s, 1H, NH), 9.24 (s, 1H, H5-pyr), 9.13 (s, 1H, H5-pyr), 
[8.64–8.59 (m, 1H), 8.52–8.35 (m, 5H), 8.25–8.22 (m, 1H)8.13–8.10 
(m, 3H), 8.02–7.99 (m, 2H), 7.73 (d, J = 8.7 Hz, 1H), 7.65–7.61 (m, 2H), 
7.50–7.45 (m, 2H)] (17H, Ar–H and CH––N), 5.73 (s, 2H, CH2), 5.39 (s, 
2H, CH2), 2.49 (s, 3H, CH3), 2.48 (s, 3H, CH3). 13C NMR (101 MHz, 
DMSO, mixture of two isomers) δ 167.9, 166.1, 165.9, 163.3, 157.5, 
151.2, 148.3, 147.0, 140.0, 138.9, 136.8, 136.6, 136.5, 135.9, 135.6, 
134.6, 134.5, 130.0, 129.7, 129.7, 129.5, 129.4, 129.4, 128.6, 128.6, 
127.6, 127.5, 127.4, 127.3, 123.8, 123.7, 123.6, 123.3, 118.8, 118.6, 
117.2, 114.3, 64.2, 63.4, 20.4. Anal. Calcd for C33H24ClN7O4: C, 64.13; 
H, 3.91; N, 15.86. Found: C, 64.48; H, 3.65; N, 16.22. 

4.5.15. N′-((3-(4-chlorophenyl)-1-p-tolyl-1H-pyrazol-4-yl)methylene)-2- 
(2-(4-chlorophenyl)-4-oxoquinazolin-3(4H)-yl)acetohydrazide (9o) 

White powder; yield: 75%, mp 272–274 ◦C. IR (KBr, cm− 1): 3456 
(N–H), 3132 (C–H), 1683 (C––O), 1662 (C––O), 1648 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 58%:42%) δ 11.86 
(br s, 1H, NH), 9.18 (s, 1H, H5-pyr), 9.03 (s, 1H, H5-pyr), [8.60–8.49 (m, 
2H), 8.42–8.30 (m, 2H), 8.14–8.00 (m, 2H), 8.01–7.88 (m, 4H), 

7.86–7.83 (m, 1H), 7.72–7.60 (m, 4H), 7.48–7.42 (m, 2H)] (17H, 
Ar–HAr–H and CH––N), 5.77 (s, 2H, CH2), 5.36 (s, 2H, CH2), 2.48 (s, 
3H, CH3), 2.46 (s, 3H, CH3). 13C NMR (101 MHz, DMSO, mixture of two 
isomers) δ 167.9, 166.0, 157.5, 151.2, 149.5, 136.8, 136.6, 136.4, 
135.9, 135.6, 134.6, 133.1, 131.2, 130.9, 130.1, 130.0, 129.9, 129.9, 
129.7, 129.6, 128.6, 128.6, 128.5, 128.5, 127.6, 127.5, 123.5, 123.3, 
118.6, 118.5, 116.6, 114.3, 63.5, 20.4. Anal. Calcd for C33H24Cl2N6O2: 
C, 65.24; H, 3.98; N, 13.83. Found: C, 65.66; H, 4.23; N, 14.32. 

4.5.16. N′-((3-(4-bromophenyl)-1-p-tolyl-1H-pyrazol-4-yl)methylene)-2- 
(2-(4-chlorophenyl)-4-oxoquinazolin-3(4H)-yl)acetohydrazide (9p) 

White powder; yield: 81%, mp 281–283 ◦C. IR (KBr, cm− 1): 3477 
(N–H), 3142 (C–H),1683 (C––O), 1645 (C––O), 1639 (C––N). 1H NMR 
(400 MHz, DMSO‑d6, mixture of two isomers E:Z = 61%:39%) δ 11.83 
(s, 1H, NH), 11.61 (s, 1H, NH), 9.05 (s, 1H, H5-pyr), 8.93 (s, 1H, H5-pyr), 
[8.51–8.38 (m, 2H), 8.32–8.18 (m, 2H), 8.01 (d, J = 3.6 Hz, 2H), 
7.89–7.83 (m, 2H), 7.78–7.66 (m, 5H), 7.53–7.50 (m, 2H), 7.36–7.31 
(m, 2H)] (17H, Ar–H and CH––N), 5.64 (s, 2H, CH2), 5.26 (s, 2H, CH2), 
2.36 (s, 3H, CH3), 2.35 (s, 3H, CH3). 13C NMR (101 MHz, DMSO, mixture 
of two isomers) δ 167.8, 165.9, 165.7, 157.5, 151.2, 149.6, 140.5, 136.9, 
136.6, 136.4, 135.9, 135.6, 134.6, 131.6, 131.4, 130.4, 130.3, 129.9, 
129.9, 129.7, 129.6, 128.7, 128.6, 127.6, 127.5, 123.3, 121.8, 118.7, 
118.5, 116.6, 114.3, 63.4, 20.4. Anal. Calcd for C33H24BrClN6O2: C, 
60.80; H, 3.71; N, 12.89. Found: C, 60.52; H, 4.11; N, 12.52. 

4.6. α-Glucosidase inhibition assay 

The α-glucosidase inhibition property of quinazolinone-pyrazole 9a- 
p were determined according to the previously reported method [66]. 
The α-glucosidase enzyme ((EC3.2.1.20, Saccharomyces cerevisiae, 20 
U/mg) and p-nitrophenyl glucopyranoside as substrate were purchased 
from Sigma-Aldrich. Enzyme and desired concentrations of nitrophenol- 
α-D-glycopyranoside (PNP) were stored in potassium phosphate buffer 
(pH 6.8). The standard and all tested compounds were dissolved in 
DMSO (10 mM) and further diluted with potassium phosphate buffer for 
subsequent use in the enzyme inhibition assay (10% final 
concentration). 

Firstly, a mixture containing phosphate buffer phosphate (135 μL, pH 
6.8,50 mM), various concentrations of tested compounds 9a-p (20 μL) 
and enzyme solution (20 μL) were added to the 96-well plate and pre- 
incubated at 37 ◦C for 10 min. Then, 25 μL of 4 mM of p-nitrophenyl 
glucopyranoside as substrate was added to each well and incubation was 
continued at 37 ◦C for 20 min. Finally, the absorbance change was 
measured at 405 nm using a spectrophotometer (Gen5, Power wave xs2, 
BioTek, America). DMSO and acarbose were used as the control and 
standard inhibitor, respectively. The percentage of inhibition for target 
compounds, control, and the standard inhibitor was calculated by using 
the following formula: 

%Inhibition = [(Abs control Abs sample)/Abs control] × 100 

IC50 values of tested compounds were obtained from the nonlinear 
regression curve (logit method). All experiments were performed in 
triplicate and the results are expressed as the mean ± SD. 

4.7. Kinetics of enzyme inhibition 

The kinetic analysis was performed under the above-mentioned re
action condition. The mode of inhibition of the most active compound 9i 
was investigated by varying the concentration of p-nitrophenyl α-D- 
glucopyranoside as substrate in the absence and presence of compound 
9i at different concentrations. The enzyme solution (1 U/mL, 20 μL) was 
incubated with different concentrations of 0, 20, 40, and 60 μM of the 
most potent compound 9i (20 μL) for 15 min at 30 ◦C. The change in the 
absorbance was measured at 405 nm for 20 min using a spectropho
tometer (Gen5, Power wave xs2, BioTek, America) following addition 
increasing concentrations of p-nitrophenyl glucopyranoside (2–10 mM) 
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as substrate. A Lineweaver–Burk plot was generated to identify the type 
of inhibition and the Michaelis–Menten constant (Km) value was 
determined from the plot between reciprocal of the substrate concen
tration (1/[S]) and reciprocal of enzyme rate (1/V) over various in
hibitor concentrations. The experimental inhibitor constant (Ki) value 
was constructed by secondary plots of the inhibitor concentration [I] 
versus Km. 

4.8. In vitro α-amylase inhibition assay 

The anti-α-amylase activity of the compounds 9i, 9g, and 9k was 
determined based on the colorimetric method described by Taha et al. 
[17]. 

4.9. Molecular docking 

Docking studies were performed using genetic algorithm-based 
docking program (GOLD) implemented in the Discovery Studio 4.1 
(Accelrys Software Inc.) to study the binding modes and important in
teractions of some selected synthesized compounds. The 3D structure of 
compounds has been drawn by using Chem Draw Ultra 12.0 software. 
The Ligand structures were transferred into Discovery Studio (DS), typed 
with CHARMm force field and partial charges were calculated by 
Momany-Rone option. Subsequently, the resulting structures were 
minimized with Smart Minimizer algorithm, which performs 1000 steps 
of steepest descent with a RMS gradient tolerance of 3, followed by 
Conjugate Gradient minimization. The 3D Modeled structure of the 
α-glucosidase was prepared using the protein preparation protocol of 
DS. In this step, complex typed with CHARMm force field, hydrogen 
atoms were added, all water molecules were removed and pH adjusted 
to neutral 7.4. A 9 Å radius sphere was defined as the binding region for 
docking study. Other parameters were set by default protocol settings. 
Selected synthesized compounds were docked into the active site of the 
α-glucosidase and 10 different conformations for each compound were 
ranked by GOLD score. Finally, the pose with the best GOLD score was 
selected to analyze the mode of binding. 

4.10. Molecular dynamic simulation 

Molecular dynamic (MD) simulation of this study was performed by 
using the Desmond module implemented in Maestro interface (from 
Schrödinger 2018-4 suite). In order to build the system for MD simula
tion, the protein–ligand complexes were solvated with SPC explicit 
water molecules and placed in the center of an orthorhombic box of 
appropriate size in the Periodic Boundary Condition. Sufficient counter- 
ions and a 0.15 M solution of NaCl were also utilized to neutralize the 
system and to simulate the real cellular ionic concentrations, respec
tively. The MD protocol involved minimization, pre-production, and 
finally production MD simulation steps. In the minimization procedure, 
the entire system was allowed to relax for 2500 steps by the steepest 
descent approach. Then the temperature of the system was raised from 
0 to 300 K with a small force constant on the enzyme in order to restrict 
any drastic changes. MD simulations were performed via NPT (constant 
number of atoms, constant pressure i.e. 1.01325 bar and constant tem
perature i.e. 300 K) ensemble. The Nose-Hoover chain method was used 
as the default thermostat with 1.0 ps interval and Martyna-Tobias-Klein 
as the default barostat with 2.0 ps interval by applying isotropic 
coupling style. Long-range electrostatic forces were calculated based on 
Particle-mesh-based Ewald approach with the cut-off radius for 
columbic forces set to 9.0 Å. Finally, the system subjected to produce MD 
simulations for 20 ns for protein–ligand complex. During the simulation 
every 1000 ps of the actual frame was stored. The dynamic behavior and 
structural changes of the systems were analyzed by the calculation of the 
root mean square deviation (RMSD) and RMSF. Subsequently, the 
energy-minimized structure calculated from the equilibrated trajectory 
system was evaluated for investigation of each ligand–protein complex 

interaction. 

4.11. Prime MM-GBSA 

The ligand-binding energies (ΔGBind) were calculated for the best 
active compound and acarbose using Molecular mechanics/generalized 
born surface area (MM–GBSA) modules (Schrödinger LLC 2018) based 
on the following equation: 

ΔGBind = EComplex −
[
EReceptor +ELigand

]

where ΔGBind is the calculated relative free energy which includes both 
ligand and receptor strain energy. EComplex is the MM-GBSA energy of the 
minimized complex, and ELigand is the MM-GBSA energy of the ligand 
after removing it from the complex and allowing it to relax. EReceptor is 
the MM-GBSA energy of relaxed protein after separating it from the 
ligand. The MM-GBSA calculation was performed by extracting the total 
number of 102 snapshots from the last 5 ns trajectory (production phase) 
with the snapshot interval of 50 ps for binding free energy calculation. 
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