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A series of new quinazolinone-dihydropyrano[3,2-b]pyran derivatives 10A-L were synthesized by simple
chemical reactions and were investigated for inhibitory activities against a-glucosidase and a-amylase. New
synthesized compounds showed high a-glucosidase inhibition effects in comparison to the standard drug acar-
bose and were inactive against a-amylase. Among them, the most potent compound was compound 10L (ICso
value = 40.1 £ 0.6 uM) with inhibitory activity around 18.75-fold more than acarboase (ICso value = 750.0
12.5 uM). This compound was a competitive inhibitor into a-glucosidase. Our obtained experimental results were
confirmed by docking studies. Furthermore, the cytotoxicity of the most potent compounds 10L, 10G, and 10N

against normal fibroblast cells and in silico druglikeness, ADME, and toxicity prediction of these compounds were

also evaluated.

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorders with sig-
nificant prevalence [1]. DM is characterized by hyperglycemia caused
by less insulin action or secretion or both [2]. This chronic hypergly-
cemia leads to microvascular complications in the kidneys, nerves, eyes,
and heart [3]. Therefore, blood sugar level control in this disease is the
most important goal of treatment [4]. One of the important approaches
to lowering blood sugar in non-insulin dependent diabetes (type 2

* Corresponding authors.

diabetes) is to inhibit the enzymes that break down large sugars into
small sugars [5]. This method helps to reduce the entry of food-related
glucose into the bloodstream [6]. The most important target enzymes in
this treatment method are a-amylase and a-glucosidase which are found
in the digestive system [7]. a-Amylase converted polysaccharides such
as starch to oligosaccharides and disaccharides and a-glucosidase con-
verted two latter types of saccharides to monosaccharides such as
glucose [8]. Therefore, by inhibiting these enzymes, particularly
a-glucosidase, blood glucose level can be reduced [9]. Acarbose, as one
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of the most widely used anti-diabetic drugs, is a potent inhibitor against
a-amylase and a-glucosidase [10]. The use of this drug is associated with
gastrointestinal side effects that it seems to be due to inhibition of
a-amylase because inhibition of this enzyme led to increase undigested
starch secretion into the large intestine [11,12]. On the other hand, it is
well documented that inhibition of a-glucosidase also is an effective
target for treatment of other carbohydrate-related diseases because this
enzyme is involved in biosynthesis of glycoproteins in addition to
digestion of carbohydrates [13-15]. Thus, access to new and safe
a-glucosidase inhibitors is an attractive target for pharmaceutical
scientists.

Quinazolinone and its derivatives are found in various biological
active agents with anticancer, anti-diabetic, anti-cholinesterase, anti-
dihydrofolate reductase, anti-inflammatory, and antimicrobial activ-
ities [16-22]. Furthermore, several quinazolinone derivatives with high
anti- a-glucosidase inhibitory activity have been reported [23-25]. In
this regards, recently, our research group have been presented a new
series of quinazolinone-1,2,3-triazole hybrids A as potent a-glucosidase
inhibitors (Fig. 1, ICso values for compounds A = 181.0-474.5 pM
comparing with acarbose, 750.0 pM) [26]. On the other hand, pyran-4-
one (Fig. 1, compound B, ICsg value = 34.9 pM) and pyran (Fig. 1,
compounds C with ICsy values = 54.2 pM to not active comparing with
acarbose, 937 + 1.6 pM and compounds D with ICsy values _
10.3-172.5 pM comparing with acarbose, 750.0 pM) scaffolds were
found in the potent a-glucosidase inhibitors B-D (Fig. 1) [27-29].

According to the above mentioned-points, in continuation of our
previous works about design and synthesis of new hybrid scaffolds with
high inhibitory activity into a-glucosidase, herein, we presented a series
of quinazolinone-dihydropyrano[3,2-b]pyran hybrids as novel agents
against a-glucosidase [30-32]. a-Amylase inhibitory activitiy and in
silico docking and pharmacokinetic studies of these compounds were
also performed.
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2. Results and discussion
2.1. Chemistry

Synthesis of target quinazolinone-dihydropyrano[3,2-b]pyran de-
rivatives 10A-O was performed according to the starting materials and
conditions shown in Scheme 1. As can be seen in this sheme, benzamide
derivatives 3 were obtained by the reaction of isatoic anhydride 1 and
amine derivatives 2 in water at room temperature. Then, reaction of
benzamides 3 and carbon disulfide in the presence of potassium hy-
droxide in ethanol at reflux condition gave the corresponding thioxo-
quinazolinone derivatives 4. On the other hand, 5-hydroxy-2-(hydroxy-
methyl)-4H-pyran-4-one 5 in thionyl chloride at room temperature
converted to 2-(chloromethyl)-5-hydroxy-4H-pyran-4-one 6. The latter
compound, various benzaldehyde derivatives 7, and malononitrile 8 in
the presence of triethylamine in ethanol at room temperature afforded 2-
amino-6-(chloromethyl)-8-o0x0-4-phenyl-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile derivatives 9. Finally, reaction between thioxo-
quinazolinones 4 and compounds 9 in the presence of potassium car-
bonate in DMF provided the title compounds 10A-O.

2.2. Invitro a-glucosidase and a-amylase inhibitory activities

Synthesized quinazolinone-dihydropyrano[3,2-b]pyran derivatives
10A-L were evaluated against a-glucosidase and a-amylase. Anti-
a-glucosidase assay reveled that compounds 10A-L with ICsg values <
142.4 + 1.9 pM significantly were more potent than standard inhibitor
acarbose with ICsg value = 750.0 + 12.5 pM. In contrast, these com-
pounds were inactive (ICso values > 200 pM) against a-amylase in
comparison to acarbose (ICsg value = 108 + 0.71 pM).

2.3. Structure-activity relationship (SAR)

In order to better evaluate SAR of the synthesized compounds 10A-
O, these compounds were divided into two categories: aniline

(o) OH

OH

Pyran-4-one derivatives B

Quinazolinone-1,2,3-triazole hybrids A

NH

Pyran derivatives D

Fig. 1. Rational for the design of quinazolinone-dihydropyrano[3,2-b]pyran hybrids as new a-glucosidase inhibitors.
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Scheme 1. Synthesis of quinazolinone-dihydropyrano[3,2-b]pyran derivatives 10A-L.
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Fig. 2. o-Glucosidase inhibitory activity of aniline derivatives 10A-I.
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derivatives 10A-I and benzylamine derivatives 10J-O.

As can be seen in Fig. 2, in the first category, there are three series of
aniline derivatives: un-substituted aniline derivatives 10A-C, 4-methox-
yaniline derivatives 10D-F, 4-chloroaniline derivatives 10G-H. In each
series, substituents on 4-position of pendant phenyl ring of dihy-
dropyrano[3,2-b]pyran moiety was altered to optimize anti-a-glucosi-
dase activity.

The most potent compound among the aniline derivatives 10A-I was
4-chloroaniline derivative 10G with un-substituted pendant phenyl ring
on dihydropyrano[3,2-b]pyran moiety. Introduction of methoxy group
as electron donating substituent and or chlorine atom as electron
withdrawing substituent on 4-position of pendant phenyl ring of dihy-
dropyrano[3,2-b]pyran moiety, led to a similar significant 2-fold
decrease in inhibitory activity as observed in compounds 10H and
101, respectively. The second most potent compound among the aniline
derivatives 10A-I, was 4-methoxyaniline derivative 10E. This com-
pound has another methoxy substituent on 4-position of pendant phenyl
ring of dihydropyrano[3,2-blpyran ring. Replacement of the latter
methoxy group with chlorine atom created a negligible decrease in
inhibitory activity while elimination of methoxy group led to significant
decrease in activity.

In the un-substituted aniline series 10A-C, inhibitory activities of the
4-methoxy and 4-chloro derivatives are similar while lack of the sub-
stituent on dihydropyrano[3,2-b]pyran moiety leads to a significant
decrease in inhibitory activity (compounds 10B and 10C vs. compound
10A).

The comparison of ICsq values of un-substituted aniline derivative
with their corresponding analogs of 4-methoxyaniline and 4-chloroani-
line series against a-glucosidase demonstrated that 4-chloroaniline de-
rivative 10G significantly was more potent than their un-substituted
aniline derivative 10A and 4-methoxyaniline derivative 10D. On the
other hand, 4-methoxyaninline derivatives 10E and 10F were more
active than their un-substituted aniline analogs 10B and 10C and 4-
chloroaniline analogs 10H and 10I.

Benzylamine category (compounds 10J-0) can also be divided into
two series: un-substituted benzylamine derivatives 10J-L and 4-fluoro-
benzylamine derivatives 10M-O (Fig. 3). In the benzylamine category
and among all the synthesized compounds, the most potent compound
was compound 10L of un-substituted benzylamine series. This com-
pound has a chloro substituent on 4-position of dihydropyrano[3,2-b]
pyran moiety. Replacement of the 4-chloro substituent with methoxy
group and or elimination of chlorine atom led to a significant decrease in
inhibitory activity. In the 4-fluorobenzylamine derivatives 10M-O,
compound 10N with 4-methoxy group on dihydropyrano[3,2-b]pyran

Un-substituted benzylamine derivatives<

~

(0]
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4-Fluorobenzylamine derivatives
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T
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moiety was more potent than their analogs in this series.

Anti-a-glucosidase activity of un-substituted benzylamine de-
rivatives 10J-L and their corresponding analogs of 4-fluorobenzylamine
derivatives 10M-O demonstrated that with the exception of 4-fluoroben-
zylamine derivative 10N (with 4-methoxy substituent on dihydropyrano
[3,2-b]pyran moiety), un-substituted benzylamine derivatives were
more potent of their 4-fluorobenzylamine analogs (compounds 10J vs.
10M and compounds 10L vs. 100).

2.4. Kinetic study

The mechanism of activity of the most potent compound 10L against
a-glucosidase was determined by building the Lineweaver-Burk double
reciprocal plots and secondary re-plot of the latter plots at increasing
concentrations of inhibitor and substrate. Results of the Lineweaver-
Burke plots are showed in Fig. 4. These data demonstrated that with
increasing inhibitor concentration, Michaelis constant (Kp) values
increased while the maximum velocity of reaction (Viax) values for this
compound did not change. Unchanged Vp,ax and increasing Ky, values
are indicative of competitive mode for inhibition (Fig. 4a). Calculated K;
value for compound 10L is 38 uM (Fig. 4b).

2.5. Docking study

To evaluate the interaction modes of the new synthesized com-
pounds in the active site of a-glucosidase, docking study was performed
using by Auto Dock Tools (versionl.5.6). Since in the bioassay,
Saccharomyces cerevisiae a-glucosidase was used and there was not any
X-ray crystallographic structure of this form of enzyme, modeled form of
it was constructed by SWISS-MODEL Repository [30]. Then, acarbose as
standard o-glucosidase inhibitor and the most potent compounds 10L,
10G, and 10N were docked in the active site of modeled enzyme. The
superposed structure of acarbose and the most active compound 10L and
3D structures of the studied compounds 10L, 10G, and 10N in the active
site of a-glucosidase were shown in Fig. 5a-d.

The interaction mode details of acarbose and the most potent syn-
thesized compounds are showed in Fig. 6. As can be seen in this figure,
acarbose formed eight hydrogen bonds with active site residues Asn241,
Thr301, Ser308, Arg312, Glu304, Thr307, Pro309, and GIn322. This
drug also created a hydrophobic interaction with His279 in the active
site. Acarbose also established two non-classical hydrogen bonds with
His239 and Val305 and two unfavorable interactions with Thr307 and
Arg312. Binding energy (BE) of this drug in the a-glucosidase active site
was —4.04 kcal/mol.

Benzylamine derivatives

IC50=71.6 £ 0.9

OCH;

Cyy =892 £ 1.1 Cl

ICsy = 55.4 £ 0.7 uM

Fig. 3. a-Glucosidase inhibitory activity of benzylamine derivatives 10J-O.
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b)

20 40 60
Compound (101)

Fig. 4. Kinetic study of a-glucosidase inhibition by compound 10L. (a) The Lineweaver— Burk plot in the absence and presence of different concentrations of
compound 10L; (b) The secondary plot between K,, and various concentrations of compound 10L.

Fig. 5. (a) Superposed structure of acarbose (pink) and the most potent compound 10L; (b-d) 3D structures of compounds 10L, 10G, and 10N, respectively. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

The most active compound 10L established three hydrogen bonds
with Asn241, His239, and Ser156 via carbonyl unit and NH; group of
dihydropyrano[3,2-b]pyran moiety. Pendant phenyl group of the latter
moiety created the fallowing interactions: a non-classical hydrogen
bond between 4-chloro substituent and Arg439, a m-anion interaction
between phenyl group and Asp408, and a hydrophobic interaction be-
tween this phenyl ring and Arg312. Quinazolinone moiety of compound
10L only two interaction formed with active site: a hydrophobic inter-
action with Pro309 through benzyl moiety and a non-classical hydrogen
bond with Asn241 through quinazolinone ring.

Dihydropyrano[3,2-b]pyran moiety of the second most potent com-
pound 10G established a hydrogen bond with Asn241 and a hydro-
phobic interaction with Arg312 through carbonyl unit and pendant
phenyl ring (Fig. 6). Quinazolinone moiety of this compound formed
several interactions with active site residues: four hydrophobic

interactions with Arg312, Lysl55, and Phe311 and a non-classical
hydrogen bond with His239.

The third most active compound 10N, like to compound 10L,
established three hydrogen bonds with Asn241, His239, and Ser156 via
dihydropyrano[3,2-b]pyran moiety while the pendant 4-methoxyphenyl
ring of the latter moiety in compound 10N, unlike compound 10L, only a
hydrophobic interaction formed with active site (Arg312) (Fig. 6).
Quinazolinone moiety of compound 10n formed three r-interactions
with His279 and His239.

Calculation of BE of acarbose and the selected compounds predicted
that new compounds 10L, 10G, and 10N (BE < -11.00 kcal/mol) with
lower BEs in comparison with standard inhibitor (BE = -4.04 kcal/mol)
attached to modeled a-glucosidase active site. These findings are in
agreement with in vitro a-glucosidase inhibition assay (Table 1).
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Fig. 6. 2D interaction modes of Acarbose, compounds 10L, 10G, and 10N in the active site of a-glucosidase.

2.6. Cytotoxicity studies

Cytotoxic effects of the compounds 10L, 10G, and 10N as most
potent new compounds against a-glucosidase were evaluated against the
human normal dermal fibroblasts [33]. Experimental results demon-
strated that at 80 pM concentration, all the studied compounds were
non-cytotoxic.

2.7. In silico druglikeness, ADME, and toxicity studies

In silico druglikeness/ADME/T properties of the most potent com-
pounds 10L, 10G, and 10N and standard inhibitor acarbose were pre-
dicted using by PreADMET as an online software and the obtained
results were listed in Table 2 [34]. As can be seen in Table 2, compounds
10L, 10G, and 10N followed of Lipinski 'Rule of five’ while acarbose did
not follow in this rule. Compounds 10L, 10G, and 10N, and acarbose
have poor permeability to Caco-2 cell, blood brain barrier (BBB), and
skin. Furthermore, compounds 10L, 10G, and 10N had high human
intestinal absorption (HIA) while acarbose did not have HIA. Predicting
the toxicity of compounds 10L, 10G, and 10N, and acarbose by Pre-
ADMET toxicity server demonstrated that toxicity profile of our new

synthesized compounds was similar to acarbose: all the studied com-
pounds were mutagenic and cardiotoxicity (hERG inhibition) of them
was ambiguous. Moreover, compounds 10L, 10G, and 10N, like acar-
bose, presumably did not have carcinogenic effect on rat while may have
carcinogenic effect on mouse.

3. Conclusion

In conclusion, we have reported synthesis and biological evaluation
of a new series of quinazolinone-dihydropyrano[3,2-b]pyran derivatives
10A-0 as new anti-diabetic agents with a-glucosidase inhibition mech-
anism. These new compounds exhibited excellent a-glucosidase inhibi-
tory activity in comparison to standard inhibitor (acarbose) against
yeast a-glucosidase. Among the synthesized compounds, the most potent
compounds 10L, 10G, and 10N were selected for further evaluations.
Compounds 10L, 10G, and 10N interacted to important residues in the
a-glucosidase’s active site with less binding energies compared to
acarbose. None of the selected compounds showed the cytotoxic effect
against normal cells. Druglikeness/ADME/Toxicity prediction of com-
pounds 10L, 10G, and 10N were also performed and compared to
acarbose.
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Table 1
In vitro a-glucosidase and a-amylase inhibitory activities of compounds 10A-L.

Compound ICso (M)

a-Glucosidase a-Amylase
10A 0 H H 126.2 + 1.7 > 200
10B 0 H OCHj3 84.6 £ 1.0 > 200
10C 0 H Cl 97.3+£1.3 > 200
10D 0 OCH3 H 142.4 +1.9 > 200
10E 0 OCHj3 OCHj3 58.0 +£ 0.7 > 200
10F 0 OCHj3 Cl 64.1 £0.8 > 200
10G 0 Cl H 48.1 +£ 0.6 > 200
10H 0 Cl OCH3 100.4 + 1.4 > 200
101 0 Cl Cl 1045+ 1.5 > 200
10J 1 H H 93.2+1.2 > 200
10K 1 H OCHj3 71.6 £ 0.9 > 200
10L 1 H Cl 40.1 £ 0.6 > 200
10M 1 F H 111.2+ 1.6 > 200
10N 1 F OCHj3 55.4 £ 0.7 > 200
100 1 F Cl 89.2+1.1 > 200
Acarbose - - 750.0 £ 12.5 108 +0.71

Table 2

Druglikeness/ADME/T profile of the most potent compounds 10L, 10G, and
10N and standard drug acarbose.

Druglikeness/ADME/T Compound
N

10L 10G 10N Acarbose
Rule of Five Suitable Suitable Suitable Violated
Caco2 22.7856 21.4133 27.1173 9.44448
HIA 98.023306 97.868466 99.302197 0.000000
BBB 0.232575 0.27104 0.158865 0.0271005
Skin Permeability —2.40258 —2.47285 —2.73422 —5.17615
Ames test Mutagen Mutagen Mutagen Mutagen
hERG inhibition Ambiguous  Ambiguous  Ambiguous  Ambiguous
Carcino Mouse Positive Positive Positive Positive
Carcin Rat Negative Negative Negative Negative

# The recommended ranges for Caco2: < 25 poor, > 500 great, HIA: > 80% is
high < 25% is poor, BBB = —3.0 — 1.2, and Skin Permeability = -8.0 — -1.0.

4. Experimental

Melting points of Quinazolinone-dihydropyrano[3,2-b]pyran de-
rivatives 10A-O were measured on a Kofler hot stage apparatus. IR
spectra and NMR (‘H and '3C) of title compounds were obtained by
using a Bruker FT-500 and Nicolet Magna FTIR 550 spectrophotometer
on KBr disks, respectively. Mass spectra of title compounds 10A-O were
recorded with an Agilent Technology (HP) mass spectrometer (ioniza-
tion potential of 70 eV). Elemental analysis was performed by an Ele-
mentar Analysensystem Heraeus CHN-O-Rapid analyzer mode.
Analytical HPLC was performed on Agilent 1290 Infinity II HPLC sys-
tem. As column, a Zorbax 300SB-C18, 3.5 pm, 4.6 x 150 mm, Agilent, P/
N: 863973-902 was used. HPLC purity was measured using the following
binary solvent system: 0.1% trifluoroacetic acid (TFA) in HPLC grade
water (90%) and 0.1% TFA in acetonitrile (10%) in 5 min, 0.1% TFA in
HPLC grade water (50%) and 0.1% TFA in acetonitrile (50%) in 38 min,
0.1% TFA in HPLC grade water (50%) and 0.1% TFA in acetonitrile
(50%) in 40 min, 0.1% TFA in HPLC grade water (90%) and 0.1% TFA in
acetonitrile (10%) in 35 min, 0.1% TFA in HPLC grade water (90%) and
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0.1% TFA in acetonitrile (10%) in 40 min, flow rate 1 mL/min, A 322
nm. The purity of the synthesized compounds 10a-o was determined to
be > 96%.

4.1. General procedure for the preparation of benzamide derivatives 3

A mixture of isatoic anhydride 1 (20 mmol) and amine derivatives 2
(20 mmol) in water (50 mL) was stirred at room temperature for 2-3 h.
After completion of the reaction that was checked by TLC, the precipi-
tated products were filtered off affording pure benzamide derivatives 3.

4.2. General procedure for the preparation of thioxo-quinazolinones 4

A mixture of benzamids 3 (2 mmol), potassium hydroxide (2 mmol),
and carbon disulfide in EtOH (10 mL) was heated at reflux for 3-5 h.
After completion of the reaction (checked by TLC), the reaction mixture
was cooled down to room temperature, poured into cold water, and the
precipitated products were filtered off and recrystallized from EtOH to
give the corresponding thioxo-quinazolinone derivatives 4.

4.3. Synthesis of 2-(chloromethyD)-5-hydroxy-4H-pyran-4-one 6

A mixture of 5-hydroxy-2-(hydroxymethyl)-4H-pyran-4-one 5 (10
mmol) and thionyl chloride (5 mL) was stirred at room temperature for
1 h. After that, the reaction mixture was filtered off and obtained pre-
cipitate 6 was purified by recrystallization in petroleum ether.

4.4. General procedure for the preparation of 2-amino-6-(chloromethyl)-
8-0x0-4-phenyl-4,8-dihydropyrano[3,2-b]pyran-3-carbonitriles 9

A mixture of 2-(chloromethyl)-5-hydroxy-4H-pyran-4-one 6 (2
mmol), benzaldehyde derivatives 7 (2 mmol), malononitrile 8 (2 mmol),
and triethylamine (20 mol%) in ethanol (10 mL) was stirred at room
temperature for 12 h. Then, precipitated products 9 were filtered off and
were entered to the next reaction with no purification.

4.5. General procedure for the preparation of quinazolinone-
dihydropyrano[3,2-b]pyran derivatives 10A-O

In the final step of preparation of target compounds 10A-O, a
mixture of thioxo-quinazolinone derivatives 4 (1 mmol), compounds 9
(1 mmol), and potassium carbonate (1.2 mmol) in DMF was stirred at
room temperature for 10 h. In the end of reaction (checked by TLC), cold
water was added to the reaction mixture and obtained participates were
filtered and washed with water to give quinazolinone-dihydropyrano
[3,2-b]pyran derivatives 10A-O.

4.5.1. 2-amino-8-ox0-6-(((4-o0xo-3-phenyl-3,4-dihydroquinazolin-2-yl)
thio)methyl)-4-phenyl-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile
(10A)

White solid; isolated yield: 96%; mp 167-169 °C; IR (KBr, v): 3402,
3369, 3026, 2224, 1638 cm™; 'H NMR (301 MHz, DMSO-de) 58.11 (dd,
J=17.9,1.2Hz, 1H), 7.90 - 7.83 (m, 1H), 7.63 - 7.54 (m, 3H), 7.51 (d, J
= 8.1 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.38 — 7.22 (m, 7H), 7.15 (d, J =
8.2 Hz, 2H), 6.56 (s, 1H, C—H vinyl), 4.77 (s, 1H, CH), 4.28 (AB-quartet,
J=14.7 Hz, 2H, S-CHy); I3CNMR (76 MHz, DMSO-dg) 6 169.86, 164.16,
159.68, 155.64, 149.80, 147.35, 141.13, 136.77, 135.89, 135.43,
130.48, 129.97, 129.81, 129.17, 128.19, 128.09, 127.02, 126.52,
120.15, 119.67, 114.67, 55.98, 47.15, 32.79; EI-MS m/z: 532; Anal
Calced for C3gH29N404S, C, 67.66; H, 3.79; N, 10.52 found: C, 67.61; H,
3.84; N, 10.48.

4.5.2. 2-amino-4-(4-methoxyphenyl)-8-oxo0-6-(((4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)methyl)-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10B)

White solid; isolated yield: 88%; mp 219-221 °C; IR (KBr, v): 3401,
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3367, 3026, 2224, 1630 cmfl; 'H NMR (301 MHz, DMSO-dg) 6 8.17 —
8.09 (m, 2H), 7.89 - 7.79 (m, 2H), 7.58 (d, J = 2.6 Hz, 2H), 7.45 (d, J =
8.0 Hz, 1H), 7.21 (d, J = 1.8 Hz, 2H), 7.01 (d, J = 2.3 Hz, 2H), 6.76 (s,
2H), 6.51 (s, 1H, C—H vinyl), 4.63 (s, 1H, CH), 4.16 (AB-quartet, J =
15.3 Hz, 2H, S-CHy). 3.73 (s, 3H, CH3); 3¢ NMR (76 MHz, DMSO-dg) &
169.84, 164.03, 161.34, 161.09, 159.62, 159.18, 155.64, 155.25,
150.07, 147.36, 146.93, 136.55, 135.91, 135.39, 132.99, 129.07,
127.94, 127.12, 120.13, 119.70, 119.27, 114.41, 56.30, 55.48, 47.22,
32.65; EI-MS m/z: 562; Anal Calcd for C31H25N40sS, C, 66.18; H, 3.94;
N, 9.96 found: C, 66.13; H, 3.95; N, 9.97.

4.5.3. 2-amino-4-(4-chlorophenyl)-8-o0xo0-6-(((4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)thio)methyl)-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10C)

White solid; isolated yield: 92%; mp 188-190 °C; IR (KBr, v): 3404,
3367, 3020, 2225, 1638 cm™'; 'H NMR (301 MHz, DMSO-de) 58.11 (dd,
J=7.9,1.2Hz, 1H), 7.89 -7.83 (m, 1H), 7.61 — 7.56 (m, 3H), 7.51 (d, J
=8.2Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.38 — 7.34 (m, 2H), 7.31 - 7.26
(m, 4H), 7.23 - 7.19 (m, 2H), 6.57 (s, 1H, C—H vinyl), 4.85 (s, 1H, CH),
4.15 (AB-quartet, J = 16.2 Hz, 2H, S-CHy); I3CNMR (76 MHz, DMSO-dg)
§ 169.84, 164.12, 161.03, 159.65, 155.66, 149.21, 147.34, 140.07,
136.86, 135.91, 135.39, 132.94, 130.51, 130.09, 129.86, 129.14,
127.13, 126.71, 126.45, 120.10, 119.53, 114.77, 55.63, 47.22, 32.82;
EI-MS m/z: 566; Anal Calcd for C3gH;9CIN4O4S, C, 63.55; H, 3.38; N,
9.88 found: C, 63.51; H, 3.34; N, 9.86.

4.5.4. 2-amino-6-(((3-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-
2-yDthio)methyl)-8-oxo-4-phenyl-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10D)

White solid; isolated yield: 93%; mp 174-176 °C; IR (KBr, v): 3408,
3362, 3029, 2223, 1630 cm™}; 'H NMR (301 MHz, DMSO-de) 6 8.13 —
8.05 (m, 1H), 7.88 —7.79 (m, 1H), 7.51 (t,J = 7.6 Hz, 1H), 7.43 (d, J =
8.1 Hz, 1H), 7.34 - 7.20 (m, 7H), 7.16 (d, J = 6.4 Hz, 2H), 7.09 (d, J =
8.9 Hz, 2H), 6.56 (s, 1H, C—H vinyl), 4.77 (s, 1H, CH), 4.27 (AB-quartet,
J=15.2Hz, 2H, S-CH,), 3.86 (s, 3H, CH3); 13¢ NMR (76 MHz, DMSO-dg)
§ 169.88, 164.23, 161.28, 160.62, 159.70, 156.35, 149.79, 147.37,
141.14, 136.77, 135.34, 131.03, 129.18, 128.25, 128.10, 127.03,
126.62, 126.48, 120.13, 119.69, 115.12, 114.65, 62.28, 55.99, 45.08,
32.86; EI-MS m/z: 562; Anal Calcd for C31H25N40sS, C, 66.18; H, 3.94;
N, 9.96 found: C, 66.12; H, 3.96; N, 9.90.

4.5.5. 2-amino-4-(4-methoxyphenyl)-6-(((3-(4-methoxyphenyl)-4-oxo-
3,4-dihydroquinazolin-2-yl) thio)methyl)-8-oxo-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile (10E)

White solid; isolated yield: 89%; mp 181-183 °C; IR (KBr, v): 3404,
3367, 3025, 2229, 1639 cm_l; THNMR (301 MHz, DMSO-dg) 6 8.11 (dd,
J=7.9,1.1 Hz, 1H), 7.89 -7.80 (m, 1H), 7.57 - 7.49 (m, 1H), 7.45 (d, J
= 8.1 Hz, 1H), 7.27 - 7.15 (m, 4H), 7.11 - 7.00 (m, 4H), 6.77 (d, J = 8.7
Hz, 2H), 6.53 (s, 1H, C—H vinyl), 4.69 (s, 1H, CH), 4.28 (AB-quartet, J
=15.4 Hz, 2H, , S-CH,), 3.86 (s, 3H, CH3), 3.74 (s, 3H, CH3); 13C NMR
(76 MHz, DMSO- dg) 6 169.88, 164.24, 161.28, 160.63, 159.52, 159.17,
156.34, 150.03, 147.38, 136.56, 135.31, 133.17, 131.08, 130.97,
129.23,128.26,127.04,126.46,120.13,119.71,115.07, 114.43, 55.96,
55.47, 51.09, 46.74, 32.78; EI-MS m/z: 592; Anal Calcd for
C32H24N406S, C, 64.85; H, 4.08; N, 9.45 found: C, 64.78; H, 4.12; N,
9.44.

4.5.6. 2-amino-4-(4-chlorophenyl)-6-(((3-(4-methoxyphenyl)-4-oxo-3,4-
dihydroquinazolin-2-yl)thio)methyl)-8-oxo-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile (10F)

White solid; isolated yield: 90%; mp 170-172 °C; IR (KBr, v): 3407,
3365, 3026, 2228, 1639 Cmfl; 1H NMR (301 MHz, DMSO-dg) 6 8.11 (d,
J=7.9Hz,1H),7.85 (t,J = 7.7 Hz, 1H), 7.52 (t,J = 7.5 Hz, 1H), 7.43 (d,
J = 8.2 Hz, 1H), 7.36 — 7.18 (m, 8H), 7.10 (d, J = 8.8 Hz, 2H), 6.57 (s,
1H, C—H vinyl), 4.86 (s, 1H, CH), 4.27 (s, 2H, S-CHy), 3.87 (s, 3H, CHs);
13¢ NMR (76 MHz, DMSO- dg) 6 169.84, 164.20, 161.22, 160.64,
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159.64, 156.37, 149.20, 147.35, 140.09, 136.87, 135.31, 132.92,
131.09, 130.10, 129.15, 128.26, 127.08, 126.63, 120.10, 119.54,
115.13,114.76, 55.98, 51.69, 46.42, 32.85; EI-MS m/z: 596; Anal Calcd
for C31H21CIN4OsS, C, 62.36; H, 3.55; N, 9.38 found: C, 62.38; H, 3.52;
N, 9.34.

4.5.7. 2-amino-6-(((3-(4-chlorophenyl)-4-oxo-3,4-dihydroquinazolin-2-
yDthio)methyD-8-oxo-4-phenyl-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10G)

White solid; isolated yield: 92%; mp 222-224 °C; IR (KBr, v): 3407,
3369, 3022, 2220, 1635 cm™; '"H NMR (301 MHz, DMSO-dg) § 8.10 (d,
J=7.5Hz,1H), 7.86 (t,J = 7.2 Hz, 1H), 7.66 (d, J = 8.1 Hz, 2H), 7.52 (t,
J=7.5Hz, 1H), 7.42 (t, J = 8.5 Hz, 3H), 7.32 - 7.23 (m, 5H), 7.17 (d, J
= 6.4 Hz, 2H), 6.57 (s, 1H, C—H vinyl), 4.78 (s, 1H, CH), 4.30 (s, 2H, S-
CHy); 13¢ NMR (76 MHz, DMSO- dg) 6 169.88, 163.99, 161.06, 159.69,
155.27, 149.81, 147.32, 141.13, 136.78, 135.49, 135.28, 134.81,
131.88, 130.11, 129.19, 128.11, 127.02, 126.76, 126.54, 120.11,
119.68, 114.72, 55.98, 45.79, 32.83; EI-MS m/z: 566; Anal Calcd for
C30H19CIN4O4S, C, 63.55; H, 3.38; N, 9.88 found: C, 63.47; H, 3.34; N,
9.90.

4.5.8. 2-amino-6-(((3-(4-chlorophenyl)-4-oxo-3,4-dihydroquinazolin-2-
yDthio)methyl)-4-(4-methoxyphenyl)-8-oxo-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile (10H)

White solid; isolated yield: 90%; mp 176-178 °C; IR (KBr, v): 3401,
3365, 3023, 2224, 1630 cm™'; 'H NMR (301 MHz, DMSO-de) 58.11 (dd,
J=17.9,1.2 Hz, 1H), 7.91 — 7.81 (m, 1H), 7.67 — 7.61 (m, 2H), 7.57 —
7.50 (m, 1H), 7.47 - 7.34 (m, 3H), 7.21 — 7.15 (m, 2H), 7.04 (d, J = 8.7
Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 6.54 (s, 1H, C—H vinyl), 4.70 (s, 1H,
CH), 4.30 (AB-quarted, J = 15.5 Hz, 2H, S-CHy), 3.75 (s, 3H, CH3); 3¢
NMR (76 MHz, DMSO- dg) § 169.88, 164.01, 161.05, 159.51, 159.17,
155.26, 150.05, 147.32, 136.58, 135.46, 135.27, 134.83, 133.19,
131.80, 130.07, 129.25, 127.03, 126.78, 126.51, 120.09, 119.70,
114.45, 56.32, 55.50, 46.72, 32.74; EI-MS m/z: 596; Anal Calcd for
C31H21CIN4OsS, C, 62.36; H, 3.55; N, 9.38 found: C, 62.33; H, 3.52; N,
9.32.

4.5.9. 2-amino-4-(4-chlorophenyD)-6-(((3-(4-chlorophenyl)-4-oxo-3,4-
dihydroquinazolin-2-ylthio)methyl)-8-0xo-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile (10I)

White solid; isolated yield: 96%; mp 201-203 °C; IR (KBr, v): 3408,
3368, 3027, 2220, 1637 cmfl; 'HNMR (301 MHz, DMSO-dg) 6 8.11 (dd,
J=17.9,1.2 Hz, 1H), 7.91 - 7.83 (m, 1H), 7.70 — 7.63 (m, 2H), 7.57 —
7.50 (m, 1H), 7.48 — 7.41 (m, 3H), 7.35 - 7.25 (m, 4H), 7.22 (d, J = 8.5
Hz, 2H), 6.57 (s, 1H, C—H vinyl), 4.86 (s, 1H, CH), 4.29 (AB-quartet, J
= 15.4 Hz, 2H, S-CHy); 13¢ NMR (76 MHz, DMSO-dg) 6 169.84, 163.99,
161.01, 159.64, 155.29, 149.22, 147.30, 140.09, 136.88, 135.46,
135.29, 134.84, 132.92, 131.91, 130.12, 129.16, 127.07, 126.77,
126.48, 120.07, 119.53, 114.82, 55.64, 46.47, 32.81; EI-MS m/z: 600;
Anal Caled for C3gH;8CloN404S, C, 59.91; H, 3.02; N, 9.32 found: C,
59.98; H, 3.01; N, 9.32.

4.5.10. 2-amino-6-(((3-benzyl-4-oxo-3,4-dihydroquinazolin-2-yDthio)
methyl)-8-oxo0-4-phenyl-4,8-dihydropyrano[ 3,2-b]pyran-3-carbonitrile
(10J)

White solid; isolated yield: 91%; mp 198-200 °C; IR (KBr, v): 3407,
3367, 3026, 2229, 1639 cm™'; 'H NMR (301 MHz, DMSO-de) 58.11 (dd,
J=17.9,1.2Hz, 1H), 7.86 (td, J = 8.5, 8.0, 1.5 Hz, 1H), 7.59 — 7.55 (m,
3H), 7.51 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.1 Hz, 1H), 7.34 — 7.22 (m,
7H), 7.15 (dd, J = 7.9, 1.5 Hz, 2H), 6.56 (s, 1H, C—H vinyl), 5.40 (AB-
quartet, J = 12.5 Hz, 2H, N-CH2-Ph), 4.78 (s, 1H, CH), 4.28 (AB-quartet,
J =15.4 Hz, 2H, S-CHy); *C NMR (76 MHz, DMSO-d) 5 169.86, 164.16,
161.08, 159.68, 155.64, 149.80, 147.35, 141.13, 136.77, 135.89,
135.43, 130.48, 129.98, 129.81, 129.17, 128.09, 127.02, 126.71,
126.51,120.14,119.67,114.67, 55.98, 48.12, 45.39, 32.79; EI-MS m/z:
546; Anal Calcd for C31H2oN404S, C, 68.12; H, 4.06; N, 10.25 found: C,
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68.17; H, 4.02; N, 10.19.

4.5.11. 2-amino-6-(((3-benzyl-4-oxo-3,4-dihydroquinazolin-2-yl)thio)
methyl)-4-(4-methoxyphenyl)-8-oxo-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10K)

White solid; isolated yield: 86%; mp 202-204 °C; IR (KBr, v): 3400,
3369, 3025, 2221, 1632 cm™!; 'H NMR (301 MHz, DMSO-de) 5 8.12 (dd,
J=7.9,1.2Hz, 1H), 7.90 - 7.81 (m, 1H), 7.59 — 7.50 (m, 4H), 7.45 (d, J
=8.0Hz, 1H), 7.36 — 7.26 (m, 2H), 7.20 (s, 2H), 7.03 (d, J = 8.7 Hz, 2H),
6.77 (d, J = 8.7 Hz, 2H), 6.53 (s, 1H, C—H vinyl), 5.40 (AB-quartet, J =
12.6 Hz, 2H, N-CH2-Ph), 4.69 (s, 1H, CH), 4.29 (AB-quartet, J = 15.3 Hz,
2H, S-CH,), 3.74 (s, 3H, CH3); 1°C NMR (76 MHz, DMSO-ds) 5 169.89,
164.17, 161.09, 159.53, 159.18, 155.63, 150.04, 147.36, 136.56,
135.91, 135.39, 133.16, 130.50, 129.94, 129.85, 129.22, 127.03,
126.72, 126.49, 120.12, 119.72, 114.43, 56.29, 55.47, 48.49, 44.99,
32.73; EI-MS m/z: 576; Anal Calcd for C35H24N40sS, C, 66.65; H, 4.20;
N, 9.72 found: C, 66.59; H, 4.13; N, 9.66.

4.5.12. 2-amino-6-(((3-benzyl-4-oxo-3,4-dihydroquinazolin-2-yDthio)
methyl)-4-(4-chlorophenyl)-8-oxo-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10L)

White solid; isolated yield: 89%; mp 165-167 °C; IR (KBr, v): 3401,
3360, 3028, 2221, 1631 cm ™ '; 'H NMR (301 MHz, DMSO-dg) § 8.11 (dd,
J=7.9,1.2Hz, 1H), 7.90 - 7.82 (m, 1H), 7.60 — 7.56 (m, 3H), 7.52 (d, J
= 8.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.39 - 7.33 (m, 2H), 7.34 - 7.30
(m, 1H), 7.30 - 7.25 (m, 3H), 7.21 (d, J = 8.5 Hz, 2H), 6.56 (s, 1H, C—H
vinyl), 5.40 (AB-quartet, J = 12.6 Hz, 2H, N-CH»-Ph), 4.85 (s, 1H, CH),
4.29 (s, 2H, S-CHy); °C NMR (76 MHz, DMSO- dg) & 169.84, 164.12,
161.03, 159.64, 155.67, 149.21, 147.34, 140.07, 136.86, 135.91,
135.39, 132.93, 130.51, 130.09, 129.82, 129.14, 127.07, 126.72,
126.45,120.10, 119.53, 114.76, 55.63, 48.79, 45.58, 32.82; EI-MS m/z:
580; Anal Calcd for C31H21CIN4O4S, C, 64.08; H, 3.64; N, 9.64 found: C,
64.10; H, 3.59; N, 9.58.

4.5.13. 2-amino-6-(((3-(4-fluorobenzyl)-4-oxo-3,4-dihydroquinazolin-2-
yDthio)methyl)-8-oxo-4-phenyl-4,8-dihydropyrano[3,2-b]pyran-3-
carbonitrile (10M)

White solid; isolated yield: 94%; mp 230-232 °C; IR (KBr, v): 3406,
3362, 3025, 2228, 1636 cmfl; 'HNMR (301 MHz, DMSO-dg) 6 8.13 (dd,
J = 8.0, 1.2 Hz, 1H), 7.86 — 7.78 (m, 1H), 7.55 — 7.47 (m, 1H), 7.36 —
7.10 (m, 12H), 6.54 (s, 1H, C—H vinyl), 5.19 (AB-quartet, J = 17.1 Hz,
2H, N-CHj-Ph), 4.71 (s, 1H, CH), 4.41 (AB-quartet, J = 15.7 Hz, 2H, S-
CHy); 13C NMR (76 MHz, DMSO-dg) § 169.84, 164.02, 163.54, 161.93
(d, J = 243.6 Hz), 161.36, 160.32, 159.72, 155.08, 149.80, 146.89,
141.00, 136.66, 135.44, 132.13, 129.53, 129.42, 129.07, 128.15,
128.05, 127.06, 126.84, 126.40, 119.65, 119.32, 116.02, 115.74,
114.56, 55.83, 49.38, 46.67, 32.68; EI-MS m/z: 564; Anal Calcd for
C31H21FN404S, C, 65.95; H, 3.75; N, 9.92 found: C, 65.89; H, 3.73; N,
9.91.

4.5.14. 2-amino-6-(((3-(4-fluorobenzyl)-4-oxo-3,4-dihydroquinazolin-2-
yDthio)methyl)-4-(4-methoxyphenyl)-8-oxo-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile (10N)

White solid; isolated yield: 94%; mp 184-186 °C; IR (KBr, v): 3407,
3367, 3021, 2229, 1633 cm™'; 'H NMR (301 MHz, DMSO-de) 5 8.14 (dd,
J=28.0,1.2 Hz, 1H), 7.86 - 7.76 (m, 1H), 7.52 (t, J = 8.1 Hz, 1H), 7.35
(d, J = 7.9 Hz, 1H), 7.31 — 7.24 (m, 2H), 7.22 — 7.10 (m, 4H), 7.02 (d, J
= 8.7 Hz, 2H), 6.74 (d, J = 8.7 Hz, 2H), 6.52 (s, 1H, C—H vinyl), 5.20
(AB-quartet, J = 16.5 Hz, 2H, N-CH2-Ph), 4.64 (s, 1H, CH), 4.42 (AB-
quartet, J = 15.1 Hz, 2H, S-CH,), 3.72 (s, 3H, CHs); '3C NMR (76 MHz,
DMSO-dg) 6 169.85, 164.01, 162.67 (d, J = 201.7 Hz), 161.34, 159.61,
159.17, 155.09, 150.06, 146.90, 136.45, 135.39, 133.00, 132.10,
129.52, 129.41, 129.18, 127.08, 126.86, 126.40, 119.69, 119.29,
116.01, 115.73, 114.46, 114.38, 56.11, 55.46, 50.69, 46.65, 32.66; EI-
MS m/z: 594; Anal Calcd for C32H23FN4OsS, C, 64.64; H, 3.90; N, 9.42
found: C, 64.66; H, 3.99; N, 9.40.
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4.5.15. 2-amino-4-(4-chlorophenyl)-6-(((3-(4-fluorobenzyl)-4-o0xo-3,4-
dihydroquinazolin-2-yl)thio)methyl)-8-oxo-4,8-dihydropyrano[3,2-b]
pyran-3-carbonitrile (100)

White solid; isolated yield: 94%; mp 226-228 °C; IR (KBr, v): 3408,
3368, 3020, 2221, 1635 cm_l; THNMR (301 MHz, DMSO-dg) 6 8.14 (dd,
J =8.0, 1.2 Hz, 1H), 7.86 — 7.77 (m, 1H), 7.55 — 7.48 (m, 1H), 7.34 —
7.22 (m, 7H), 7.21 - 7.12 (m, 4H), 6.54 (s, 1H, C—H vinyl), 5.22 (AB-
quartet, J = 17.1 Hz, 2H, N-CH2-Ph), 4.79 (s, 1H, CH), 4.41 (s, 2H, S-
CHy); 13C NMR (76 MHz, DMSO- d) 5 169.81, 164.05, 161.95 (d, J =
243.7 Hz), 163.56, 161.29, 160.34, 159.72, 155.08, 149.22, 146.87,
139.96, 136.75, 135.38, 132.96, 132.09, 130.05, 129.53, 129.42,
129.08, 127.12, 126.85, 126.32, 119.52, 119.27, 116.03, 115.75,
114.59, 55.47, 48.76, 46.64, 32.68; EI-MS m/z: 598; Anal Calcd for
C31H20CIFN404S, C, 62.16; H, 3.37; N, 9.35 found: C, 62.18; H, 3.36; N,
9.34.

4.6. a-Glucosidase inhibition assay

The a-glucosidase inhibitory effects of quinazolinone-dihydropyrano
[3,2-b]lpyran derivatives 10A-O were determined by our previously re-
ported method [30]. In this method, 20 pL of test compounds 10A-O
with various concentrations, 20 pL of enzyme solution (a-glucosidase
from Saccharomyces cerevisiae, EC3.2.1.20, 20 U/mg), and 135 pL of
potassium phosphate buffer were added and incubated in the 96-well
plate for 10 min at 37 °C. Then, 25 pL of substrate (p-nitrophenyl glu-
copyranoside, 4 mM) was added to each well of the plate and incubation
was continued for 20 min at 37 °C. After that, absorbance was measured
at 405 nm by spectrophotometer (Gen5, Power wave xs2, BioTek, USA),
and ICsy value for each test compound was calculated using the
nonlinear regression curve (logit method).

4.7. In vitro a-amylase inhibition assay

a-Amylase inhibitory activity of the synthesized compounds 10A-O
was screened based on the colorimetric method, according to described
method by Taha et al. [35].

4.8. Kinetic evaluation of a-glucosidase inhibition

A kinetic study was performed for determination of a-glucosidase
inhibition mechanism of the synthesized compounds. For this purpose,
20 pL of the most potent compound 10L with different concentrations
(0, 10, 25, and 40 pM) and 20 pL of the enzyme solution (1 U/mL) were
incubated for 15 min at 30 °C. Then, the enzymatic reaction was initi-
ated by adding different concentrations of substrate (p-nitrophenyl
glucopyranoside, 1-4 mM), and change in absorbance was measured for
20 min at 405 nm by using spectrophotometer (Gen5, Power wave xs2,
BioTek, America).

4.9. Docking study

Docking study of the most potent compounds 10L, 10G, and 10N in
the modeled a-glucosidase active site was performed according to our
previously described method [30].
4.10. In vitro cytotoxicity assay

In vitro cytotoxicity assay of compounds 10L, 10G, and 10N was
determined by MTT assay in triplicate according to our recently pub-
lished work [31].
4.11. In silico Druglikeness/ADME/T study

In silico Druglikeness/ADME/T studies of the most potent com-

pounds 10L, 10G, and 10N were performed using the preADMET online
server [34].
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