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Abstract
A green and efficient one-pot multi-component protocol was developed for the synthesis of some novel dihydrochromeno[4,3-
b]pyrrol-3-yl derivatives through the reaction of arylglyoxals, malono derivatives, and different 4-amino coumarins in 
ethanol at reflux condition. In this method, all products were obtained in good to excellent yield. Next, all synthesized 
derivatives were evaluated for their α-glucosidase inhibitory activity. Most of the compounds displayed potent inhibitory 
activities with  IC50 values in the range of 48.65 ± 0.01–733.83 ± 0.10 μM compared to the standard inhibitor acarbose 
 (IC50 = 750.90 ± 0.14 μM). The kinetic study of compound 5e as the most potent derivative  (IC50 = 48.65 ± 0.01 μM) showed 
a competitive mechanism with a Ki value of 42.6 µM. Moreover, docking studies revealed that dihydrochromeno[4,3-b]
pyrrol-3-yl effectively interacted with important residues in the active site of α-glucosidase.

Keywords Chromeno[4,3-b]pyrrol · α-glucosidase inhibitor · Multi-component reactions · Molecular docking · Synthesis

Introduction

Multi-component reactions (MCRs) are convergent reactions 
in which three or more raw materials react together to form 
a product so that all or most of the atoms form the new 
product [1]. MCRs are of particular importance because of 
their advantages such as simplicity of operation, reduction 
of separation and treatment steps, minimization of energy, 

time, cost, and waste generation [2–5]. Therefore, many 
researchers in the field of pharmaceutical, biological, and 
organic chemistry have considered the design and use of 
MCRs.

Type 2 diabetes mellitus (T2DM) is recognized as one of 
the most extensive global health challenges in the modern 
world affecting approximately 462 million individuals cor-
responding to 6.28% of the world’s population with over 1 
million deaths per year [6, 7]. Diabetes is also a risk factor 
for cardiovascular disease, cognitive decline, and Alzhei-
mer's dementia [8]. The concerning trends in incidence, 
prevalence, and mortality of T2DM as well as its economical 
burden promote researchers to develop new agents to reduce 
exposure to high glucose levels in the postprandial state [9].

In this regard, α-glucosidase is an attractive target. 
α-glucosidase (EC.3.2.1.20) is an essential enzyme located 
at the brush border of the intestines which hydrolyses the 
1,4-α-glycosidic linkages of oligosaccharides, trisaccha-
rides, and disaccharides to monosaccharides [10]. As a 
result, the increased level of simple sugars can be absorbed 
into the blood from the intestine. With the help of the blood-
stream, these simple sugars enter the cells and are converted 
into energy with the help of insulin. Without insulin (inad-
equate insulin secretion or insulin resistance), glucose stays 
in the bloodstream, keeping blood sugar levels high which 
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leads to hyperglycemia, impaired glucose tolerance, and at 
late-stage type II diabetes [11–13].

α-glucosidase inhibitors are used to reduce the hydro-
lyze, digestion, and absorption of carbohydrates as well as 
suppress postprandial hyperglycemia [14]. In the last few 
years, various molecules have been reported as potential 
inhibitors of α-glucosidase with natural origin such as poly-
phenols, terpenoids, flavonoids, alkaloids, and saponins 
[15, 16]. Acarbose, as an FDA-approved α-glucosidase 
inhibitor, is administered orally to control blood sugar lev-
els. Nojirimycin, miglitol, and voglibose are other market 
anti-α-glucosidase drugs for T2DM [17, 18]. Meanwhile, 
various synthetic small-molecules of α-glucosidase inhibi-
tors have been developed bearing imidazole [19], pyrazoles 
[20], quinazolinone [21], isatin [22], xanthone [23], and 
azole [24] groups.

Coumarin-fused heterocycles are among the most inter-
esting and widely used compounds because of their appli-
cations such as anti-tumour [25], antibacterial [26], anti-
fungal [26], anticoagulant [27], anti-inflammatory [28], 
antiviral [28] and anti-HIV activities [29]. Among them, 
pyrrole-fused derivatives of coumarin are important classes 
of natural marine materials, and a number of them showed 
significant biological and medicinal properties (Fig. 1). 
Marine alkaloids Ningalin B and Lamellarin D with chrome-
nopyrrole moiety in their structures demonstrate potential 
treatments in central nervous system disorders [30–34]. 
Also, Lamellarins D, K, and M are cytotoxic agents to a 
wide range of cancer cell lines. Recently, due to the biologi-
cal importance of chromenopyrroles, the synthesis of this 

type of compounds has been considered in different research 
groups [34–39].

In continuation of our research on the synthesis 
of chromene and pyrrole [40–43], herein, a series of 
chromeno[4,3-b]pyrrol-3-yl were designed and synthesized 
through the MCRs. All derivatives were evaluated in vitro 
as possible anti-α-glucosidase agents, and the mode of inhi-
bition was rationalized in silico through molecular docking 
studies.

Results and discussion

Design

To design a novel and efficient series of α-glucosidase 
inhibitors, the structural feature of some potent inhibitors 
with the possibility of MCRs synthesis reported in the lit-
erature was evaluated. Compounds containing chromenone 
(coumarin) rings have become an emerging anti-diabetic 
scaffold, recently (Fig. 2). Compound A was an attractive 
derivative bearing coumarin moiety with an  IC50 value of 
2.7 μM. Interestingly, the replacement of the coumarin ring 
with other groups such as chloro, bromo, or nitro-phenyl 
showed a reduction in the inhibitory potency significantly 
[44]. In another study, coumarin containing thiazole-carbo-
hydrates series demonstrated moderate to high potency with 
an  IC50 value in the range of 6.2–81 μM. Structure–activ-
ity relationship (SAR) studies proposed that electron-
withdrawing substituents at phenyl of carbohydrazone 

Fig. 1  Biologically active 
coumarin-fused pyrrole deriva-
tives
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improve inhibitory activity significantly. Docking analysis 
of compound B represented compact conformation through 
hydrophobic interactions of Pro240, Phe157, and Phe177 
residues with coumarin ring [45]. Another series of cou-
marin-thiazoles were synthesized with an  IC50 value in the 
range of 0.12–16.20 μM as compared to standard acarbose 
 (IC50 = 38.25 μM). Docking study of the most potent deriv-
ative (compound C) displayed interactions with Asn241, 
Arg312, and Phe300. Also, polar interactions were observed 
in coumarin’s oxygen and Asn241 residue [46].

On the other hands, pyrroles and their derivatives have 
attracted attention because of the ability of these compounds 
to act as glycosidase inhibitors so that pyrrole can mimic 
oxocarbocation intermediate structure, enable tight binding 
and strongly inhibit the enzyme [47]. Accordingly, there 
are some reports concerning α-glucosidase inhibitors pos-
sessing pyrrole rings. Compound D was reported to exhibit 
an  IC50 of 0.08 μM against α-glucosidase [47]. Jadhaval 
et al. designed phenyl-1H-pyrrole derivatives and evalu-
ated their α-glucosidase inhibitory activity. Compounds E 
showed excellent activity as compared to standard acarbose 
 (IC50 = 0.3 μmol/mL). According to molecular docking 
study, the pyrrole ring of the molecule E occupied the cavity 
made by the residues, namely Trp58, Trp59, Glu63, Val163, 
and Leu165, while the phenyl ring occupied the pocket 
formed by the residues Hie101, Leu162, Arg195, Ala198, 
and Glu233 [48]. In another study, natural pyrrole-bearing 

compounds were found in G. frondosa for the first time. 
Compounds F and G showed potent inhibition against 
α-glucosidase compared with acarbose with an  IC50 value 
of 642.99 μM [49].

According to our limited literature review, compounds 
bearing both chromenone and pyrrole in particular, as anti- 
α-glucosidase agents have not been proposed yet. As a result, 
in the current study, molecular hybridization approaches 
were applied to design these targeted compounds which are 
anticipated to possess potent α-glucosidase inhibitory activ-
ity. Subsequently, fourteen chromeno[4,3-b]pyrrol deriva-
tives were synthesized through MCRs and were evaluated 
against α-glucosidase. Moreover, the kinetic and docking 
studies of the most potent compound were performed to bet-
ter understand the mode of inhibition and interactions with 
the enzyme.

Synthesis

Arylglyoxal derivatives were prepared from the oxidation 
of aryl methyl ketones using selenium dioxide as oxidant 
(Scheme 1) [50].

Then, to obtain the best reaction conditions for the syn-
thesis of chromeno-pyrrole derivatives, the reaction between 
phenylglyoxal 1a (1 mmol), malononitrile 2a (1 mmol), and 
4-aminocoumarin 3a (1 mmol) was studied as a model reac-
tion in different solvents and reaction temperatures. As can 

Fig. 2  Chemical structures of some reported α-glucosidase inhibitors and newly designed compound
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be seen in Table 1, the best yield and shorter reaction times 
were obtained when the reaction was carried out in ethanol 
at reflux conditions (Table 1, entry 7).

Subsequently, the efficiency of this method was explored 
under the optimized reaction conditions for the condensa-
tion of different arylglyoxals, 4-amino coumarins, and alkyl 
malonates to furnish the related products (Scheme 2). The 
structural diversity of reactants is summarized in Fig. 3, and 
the results are displayed in scheme 2 and Table 2. It is note-
worthy that product (4) was produced when malononitrile 
was used, on the other hands, when ethyl cyanoacetate or 

methyl cyanoacetate was used, product (5) was produced. As 
Table 2 indicates, a variety of arylglyoxals, alkyl malonates, 
and 4-aminocoumarins were successfully applied in this 
process to afford the corresponding chromeno[4,3-b]pyr-
rol-3-yl derivatives. These reactions were completed within 
1–3 h with good to excellent yields (87–97%). As shown in 
Table 2, substitutions of the methyl or methoxy moiety on 
arylglyoxal aromatic ring improved the reactivity compared 
to chlorine counterparts.

aA mixture of 4-aminocoumarin derivative (1 mmol), 
arylglyoxal (1 mmol) and malono derivative (1 mmol) was 
stirred in EtOH (5 mL) at reflux to obtain the desired product 
4 or 5.

b Isolated yields.
Based on the results, a plausible mechanism was pro-

posed in (Scheme 3). Initially, under the Knoevenagel con-
densation reaction, arylglyoxal, and malono derivatives 
produced the intermediate 6. This intermediate then reacted 
with 4-amino coumarins to form intermediate 7. This inter-
mediate was converted into 8 through the imine-enamine 
tautomerization, followed by N cyclization via attack to the 
C = O of arylglyoxal to produce 9. Then, hydrolysis of inter-
mediate 9 gives product 4 when malononitrile was used as 
a starting material, and product 5 was formed when ethyl or 
methyl cyanoacetate were used as starting materials through 
decarboxylation of intermediate 10.

In vitro α‑glucosidase inhibitory activity

Various dihydrochromeno[4,3-b]pyrrol-3-yl derivatives (4a-
5f) were synthesized and evaluated against α-glucosidase. 
The results are summarized in Table 3. The majority of the 
tested compounds displayed potent α-glucosidase inhibi-
tory activity, with  IC50 values in the range of 48.65 ± 0.01 
to 733.83 ± 0.10  μM, when compared to acarbose 
 (IC50 = 750.90 ± 0.14 μM) as the positive control. Amongst, 
compound 5e represented the most potent α-glucosidase 
inhibition with  IC50 values of 48.65 ± 0.01 μM. To better 
understand the SAR, synthesized compounds were divided 
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Scheme  1  Preparation of arylglyoxals from the oxidation of aryl 
methyl ketones using  SeO2 as oxidant

Table 1  Effect of solvent and temperature on the reaction of phenylg-
lyoxal, malononitrile and 4-aminocoumarin

a Isolated yields
b  Incomplete reaction with a number of unknown spots on TLC

Entry Yielda (%) Time (h) Temp. (̊C) Solvent

1 Trace 8 Reflux DMF
2 -b 8 rt H2O
3 Trace 8 Reflux H2O
4 50 8 Reflux MeCN
5 60 8 70 Toluene
6 50 8 rt EtOH
7 90 2 reflux EtOH

Scheme 2  The synthesis of 
dihydrochromeno[4,3-b]pyrrol 
derivatives via the reaction 
between arylglyoxal (1), malono 
derivatives (2) and 4-amino 
coumarin derivatives (3) in 
ethanol under reflux conditions
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into two main categories, 4a-e (bearing CO-NH2 at  R1) and 
5a-f (containing H at the  R1 position).

Evaluating the effect of  R3 moiety on phenylpyrrole deriv-
atives of 4a-e showed that unsubstituted derivative (4a) had 
an anti-a-glucosidase activity with around fivefold improve-
ment in the inhibitory potency compared to the positive con-
trol. The presence of chlorine atom at 4- position of phenyl 
ring (4b) improved the potency compared to the unsubsti-
tuted one. Replacement of chlorine with methyl (4c) as a 
moderate electron-donating group resulted in a significant 
reduction in the inhibitory activity. It is interesting to point 
out that the presence of a strong electron-donating group 
such as meta-MeO (4d) on the aryl ring improved inhibition 
compared to 4c. The activity of 4e  (R2 = Cl,  R3 = 3-MeO) 
was slightly better than 4d  (R2 = H,  R3 = 3-MeO) indicated 
that the presence of chlorine group at  R2 can improve the 
inhibitory activity.

Evaluation in the second category (compounds 5a-f) 
showed that unsubstituted phenyl ring with  IC50 value of 
282.97 µM (5a,  R1 = H,  R2 = H,  R3 = H) had less activity in 
comparison with 4a  (R1 = CO-NH2,  R2 = H,  R3 = H) counter-
part. Disappointingly replacement of H at  R2 in 5a with Cl 
(5b) moiety diminished the inhibitory activity completely. 
Unlike the previous group, the introduction of the methyl 
group at the 4-position of the phenyl ring (5c) improved 
inhibitory activity  (IC50 = 131.03 ± 0.03 μM). The replace-
ment of methyl (5c) with chlorine (5d) as halogen electron-
withdrawing group significantly improved the α-glucosidase 
inhibition with around fivefold increased in potency com-
pared to 5a. Compound 5e having 4-methoxy group showed 
the most potent inhibitory activity  (IC50 = 48.65 μM) among 
all synthesized compounds. Unexpectedly changing the posi-
tion of MeO from para to meta caused a significant decline 
in potency. This result indicated the position, as well as the 
type of substitution on the phenyl ring, was responsible for 
outstanding α-glucosidase inhibition.

Overall, it can be understood that the presence of para-
chlorine or para-methoxy at  R3 position on phenylpyrrole 
pendant had the most dominant role to improve activity 
against α-glucosidase.

Enzyme kinetic studies

According to Fig. 4a, the Lineweaver–Burk plot showed that 
the Km gradually increased and Vmax remained unchanged 
with increasing inhibitor concentration indicating a competi-
tive inhibition. The results showed that 5e bond to the active 
site of the enzyme and competed with the substrate to bind 
to the active site. Furthermore, the plot of the Km versus dif-
ferent concentrations of 5e gave an estimate of the inhibition 
constant, Ki of 42.6 µM (Fig. 4b).

Docking study

A molecular docking study was carried out to understand 
the possible interaction of 5e with the residues of the 
α-glucosidase active site. To validate the docking proce-
dure, the reference drug, acarbose, was first docked into the 
binding site of α-glucosidase using AutoDock Tools version 
1.5.6. The docking protocol was successful to regenerate the 
native co-crystallized orientation of the docked ligand with 
an RMSD value of 1.41 Å.

As can be seen in Fig. 5a, compound 5e fitted well in 
the active site of the enzyme. The interaction of the best-
docked conformation of 5e with the residues of the active 
site is presented in Fig. 5b. Compound 5e constructed 
three hydrogen bonds with the active site. The nitrogen 
of the acetonitrile moiety formed a hydrogen bond with 
Tyr292 residue and the oxygen of chromenone ring also 
recorded two hydrogen bonds with Leu283 and Ala284 
residues of the 5NN8 which confirmed the efficacy of 5e 
to induce the desired bioactivity. Also, chromenone ring 

Fig. 3  Diversity elements 
employed for the synthesis of 
dihydrochromeno[4,3-b] pyrrole 
derivatives
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formed pi–sigma and pi–alkyl interactions with Ala555. 
Pi-anion interaction between the pyrrole ring and Asp282 
fixed compound 5e in the active site. At the other side 
of the molecule, methoxyphenyl moiety participated in 
two pi–anion interactions with Met519 and Asp616, two 

carbon–hydrogen bonds with Asp 616 plus pi–pi-t-shaped 
interaction with Trp481. Mentioned interactions might be 
beneficial to describe the promising efficacy of compound 
5e against α-glucosidase.

Table 2  One-pot, multi-
component synthesis of 
dihydrochromeno[4,3-b]pyrrol 
derivatives in ethanol at reflux 
conditions.[a]

Entry Arylglyoxal Malono derivatives 4-Amino 
coumarin

Product Time (h) Yield[b] (%)

4a 1a 2a 3a 2 90%

4b 1e 2a 3a 3 90%

4c 1b 2a 3a 1.5 92%

4d 1d 2a 3a 2 95%

4e 1d 2a 3b 2.5 93%

5a 1a 2b or 2c 3a 1.5 93%

5b 1a 2b or 2c 3b 2 92%

5c 1b 2b or 2c 3a 1 98%

5d 1e 2b or 2c 3a 2.5 90%

5e 1c 2b or 2c 3a 2 95%

5f 1d 2b or 2c 3a 2 97%
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Conclusions

In the present study, novel series of chromeno[4,3-b]pyrrol-
3-yl derivatives were synthesized through ordinal Knoev-
enagel/Michael/intramolecular cyclization sequences in 
ethanol without using any catalyst. The present procedure 
has the advantage that not only the reaction is performed 
under neutral conditions but also the reactants can be mixed 
without any prior activation or modification. High atom 
economy, simple procedure in the excellent yields, easy 
workup procedure, and mild reaction conditions are the main 
advantages of this method.

All synthesized compounds were then evaluated as 
α-glucosidase inhibitors. Among them, compound 5e dem-
onstrated the best inhibitory potency with an  IC50 value 
of 48.65 μM which was 19 times more potent than acar-
bose as a standard inhibitor. Moreover, limited SARs of 
chromeno[4,3-b]pyrrol-3-yl derivatives showed that the 

presence of para-methoxy or para-chlorine substituent on 
phenyl ring improved the inhibitory activity. Enzyme kinetic 
studies showed that compound 5e is a competitive inhibitor 
with a Ki of 42.6 µM. Furthermore, the docking study was 
demonstrated that compound 5e binds to the active site of 
the α-glucosidase through both hydrophobic and hydrogen 
bond interactions. The current study provides a new class 
of compounds for the development of novel α-glucosidase 
inhibitors.

Experimental section

Chemistry

All chemicals were purchased from Merck or Fluka chemical 
companies. The 1H NMR (500 MHZ) and 13C NMR (125 
MHZ) were run on a Varian—Inova 500. Melting points 

Scheme 3  Proposed mechanism for the formation of products 4 and 5 
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were recorded on a Stuart Scientific Apparatus SMP3 (UK) 
in open capillary tubes. Elemental analyses for C, H, and 
N were performed using a Thermo Finnigan FLASH EA. 
Reaction progress was screened by TLC using silicagel poly-
gram SIL G/UV254 plates. Mass spectra were recorded on 
an Agilent Technology (HP) 5973 mass spectrometer operat-
ing at an ionization potential of 70 eV.

General procedure for the synthesis of arylglyoxal

18.5 g of selenium dioxide was dissolved in 100 mL of 
dioxane by warming to 50° C and stirring until all was in 
solution. To this solution was added 23 g of acetophenone 
derivatives and the reaction was refluxed for 4 h. The hot 
solution was decanted from the solid selenium, and the diox-
ane and water were removed by distillation through a short 
column at atmospheric pressure.

General procedure for the synthesis of chromeno[4,3‑b]
pyrrol‑3‑yl derivatives 4a‑e, 5a‑f

A mixture of arylglyoxal 1 (1 mmol), malono derivatives 2 
(1 mmol), and 4-aminocoumarin derivatives 3 (1 mmol) was 
stirred in EtOH reflux (5 mL), and the solution was heated 
at reflux for the time given in Table 2. Upon completion as 
monitored by TLC, the reaction mixture was cooled, the 

precipitate formed was filtered off and washed on the filter 
funnel with a small amount of ethanol to give pure products.

2‑cyano‑2‑(4‑oxo‑2‑phenyl‑1,4‑dihydrochromeno[4,3‑b]
pyrrol‑3‑yl)acetamide (4a):

White powder, m.p >  300  °C. 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 5.47 (s, 1H), 7.38 (s, 1H), 7.43 (dd, 
J = 1.5 Hz, 7.5 Hz, 1H), 7.49–7.56 (m, 3H), 7.57–7.66 
(m, 5H), 8.22 (dd, J = 1.5 Hz, 7.5 Hz, 1H), 12.97 (s, 1H). 
13C NMR (DMSO-d6, 125 MHz) δ (ppm): 35.55, 107.64, 
109.29, 113.83, 117.42, 122.22, 124.91, 129.27, 129.33, 
129.41, 129.56, 129.78, 130.24, 136.12, 136.81, 151.82, 
158.50, 165.90. EI-MS (70 eV): m/z (%) = 340  (M+, 9), 325 
(47), 300 (100). Anal. calcd for  C20H13N3O3: C, 69.97; H, 
3.82; N, 12.24%. Found: C, 69.97; H, 3.82; N, 12.24%.

Table 3  α-glucosidase inhibitory activities of dihydrochromeno[4,3-
b]pyrrol-3-yl  derivativesa

a Data represented in terms of mean ± SD

Compounds R1 R2 R3 IC50 (µM)

Acarbose 750.90 ± 0.14
4a CO-NH2 H H 151.94 ± 0.20
4b CO-NH2 H 4-Cl 113.85 ± 0.01
4c CO-NH2 H 4-Me 733.83 ± 0.10
4d CO-NH2 H 3-MeO 223.06 ± 0.13
4e CO-NH2 Cl 3-MeO 187.30 ± 0.17
5a H H H 282.97 ± 0.27
5b H Cl H 750 < 
5c H H 4-Me 131.03 ± 0.03
5d H H 4-Cl 52.75 ± 0.77
5e H H 4-MeO 48.65 ± 0.01
5f H H 3-MeO 554.10 ± 0.06

Fig. 4  Kinetics of α-glucosidase inhibition by 5e. (a) The 
Lineweaver– Burk plot in the absence and presence of different con-
centrations of 5e; (b) the secondary plot between Km and various con-
centrations of 5e 
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2‑(2‑(4‑chlorophenyl)‑4‑oxo‑1,4‑dihydrochromeno[4,3‑b]
pyrrol‑3‑yl)‑2‑cyanoacetamide (4b):

White powder, m.p >  300  °C, 1H NMR (DMSO-
d6, 500  MHz) δ (ppm): 6.43 (s, 1H), 7.41–7.45 (m, 
1H), 7.49- 7.67 (m, 5H), 7.71–7.74 (m, 2H), 8.16 (dd, 
J = 1.5 Hz, 7.5 Hz, 1H), 13.31 (s, 1H). 13C NMR (DMSO-
d6, 125 MHz) δ (ppm): 20.03, 104.86, 106.92, 113.23, 
117.53, 122.35, 125.05, 127.91, 129.71, 130.32, 131.12, 
131.37, 134.89, 136.00, 136.90, 152.01, 157.77. EI-MS 
(70 eV): m/z (%) = 379  (M+ + 2, 0.2), 377  (M+, 0.6), 359 
(100). Anal. calcd for  C20H12ClN3O3: C, 63.59; H, 3.20; 
N, 11.12%. Found: C, 63.58; H, 3.20; N, 11.10%.

2‑cyano‑2‑(4‑oxo‑2‑(p‑tolyl)‑1,4‑dihydrochromeno[4,3‑b]
pyrrol‑3‑yl)acetamide (4c):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 2.41 (s, 3H), 5.46 (s, 1H), 7.37–7.43 (m, 
4H), 7.47–7.59 (m, 5H), 8.21 (d, J = 7.5 Hz, 1H), 12.90 (s, 
1H). 13C NMR (DMSO-d6, 125 MHz) δ (ppm): 21.39, 35.59, 
107.63, 108.94, 113.37, 113.84, 117.37, 117.42, 122.18, 
124.85, 127.40, 129.16, 129.66, 129.83, 130.25, 135.97, 
136.89, 138.95, 151.77, 158.54, 165.97. EI-MS (70 eV): 
m/z (%) = 357  (M+, 1), 339 (7), 314 (100). Anal. calcd for 
 C21H15N3O3: C, 70.58; H, 4.23; N, 11.76%. Found: 70.55; 
H, 4.20; N, 11.75%.

2‑cyano‑2‑(2‑(3‑methoxyphenyl)‑4‑oxo‑1,4‑dihydrochrome
no[4,3‑b]pyrrol‑3‑yl)acetamide (4d):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 3.84 (s, 3H), 5.52 (s, 1H), 7.07 (d, 
J = 7.5 Hz, 1H), 7.19–7.22 (m, 2H), 7.37–7.43 (m, 2H), 
7.47–7.53 (m, 3H), 7.59 (s, 1H), 8.21 (d, J = 7.5 Hz, 1H), 
12.94 (s, 1H). 13C NMR (DMSO-d6, 125 MHz) δ (ppm): 
36.53, 56.63, 108.65, 110.34, 114.76, 115.70, 116.10, 
118.39, 120.80, 122.36, 123.23, 125.89, 130.79, 131.44, 
132.42, 137.04, 137.59, 152.77, 159.55, 160.72, 166.95. 
EI-MS (70 eV): m/z (%) = 373  (M+, 15), 356 (59), 330 
(100). Anal. calcd for  C21H15N3O4: C, 67.56; H, 4.05; N, 
11.25%. Found: C, 67.51; H, 4.10; N, 11.25%.

2‑(8‑chloro‑2‑(3‑methoxyphenyl)‑4‑oxo‑1,4‑dihydrochrom
eno[4,3‑b]pyrrol‑3‑yl)‑2‑cyanoacetamide (4e):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 3.83 (s, 3H), 5.51 (s, 1H), 7.03–7.20 
(m, 3H), 7.39–7.50 (m, 4H), 7.62 (s, 1H), 8.19 (d, J = 7.5 Hz, 
1H), 12.96 (s, 1H). 13C NMR (DMSO-d6, 125 MHz) δ 
(ppm): 35.54, 55.66, 107.66, 109.37, 113.78, 114.74, 115.12, 
117.35, 117.40, 121.39, 122.24, 124.89, 129.78, 130.43, 
131.43, 136.04, 136.59, 151.79, 158.55, 159.73, 165.93. 
EI-MS (70 eV): m/z (%) = 409  (M+ + 2, 0.2), 407  (M+, 
0.6), 373 (15), 330 (100). Anal. calcd for  C21H14ClN3O4: 
C, 61.85; H, 3.46; N, 10.30%. Found: C, 61.82; H, 3.43; N, 
10.30%.

2‑(4‑oxo‑2‑phenyl‑1,4‑dihydrochromeno[4,3‑b]pyrrol‑3‑yl)
acetonitrile (5a):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500  MHz) δ (ppm): 4.15 (s, 2H), 7.40–7.44 (m, 1H), 
7.46–7.54 (m, 3H), 7.58–7.68 (m, 4H), 8.21 (dd, J = 1.5 Hz, 
7.5 Hz, 1H), 12.91 (s, 1H). 13C NMR (DMSO-d6, 125 MHz) 
δ (ppm): 13.89, 107.69, 108.67, 113.78, 117.43, 118.93, 
122.24, 124.84, 128.56, 129.10, 129.57, 129.70, 130.42, 

Fig. 5  The three-dimensional conformation of compound 5e docked 
into the active site (A). Three-dimensional orientation of compound 
5e and important residues in the active site of 5NN8 (B). Hydrogen 
bonds are depicted in green dashed lines, Pi–Pi-T-shaped interactions 
are depicted in pink dashed lines, Pi–aryl interactions are depicted in 
dark pink dashed lines, Pi–anion interactions are depicted in orange 
dashed lines. Carbon–hydrogen bonds are depicted pale green dashed 
lines
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135.41, 135.89, 151.82, 158.57. EI-MS (70  eV): m/z 
(%) = 300  (M+, 100), 271 (8), 255 (7). Anal. calcd for 
 C19H12N2O2: C, 75.99; H, 4.03; N, 9.33%. Found: C, 76; H, 
4.02; N, 9.30%.

2‑(8‑chloro‑4‑oxo‑2‑phenyl‑1,4‑dihydrochromeno[4,3‑b]
pyrrol‑3‑yl)acetonitrile (5b):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500  MHz) δ (ppm): 4.15 (s, 2H), 7.40–7.44 (m, 1H), 
7.48–7.54 (m, 3H), 7.61–7.68 (m, 3H), 8.21 (dd, J = 1.5 Hz, 
7.5 Hz, 1H), 12.91 (s, 1H). 13C NMR (DMSO-d6, 125 MHz) 
δ (ppm): 13.89, 107.68, 108.66, 113.76, 117.41, 118.93, 
122.23, 124.82, 128.55, 129.09, 129.56, 129.68, 130.42, 
135.40, 135.88, 151.81, 158.56. EI-MS (70  eV): m/z 
(%) = 336  (M+ + 2, 0.2), 334  (M+, 0.7), 300  (M+, 100). 
Anal. calcd for  C19H11ClN2O2: C, 68.17; H, 3.31; N, 8.37%. 
Found: C, 68.17; H, 3.31; N, 8.37%.

2‑(4‑oxo‑2‑(p‑tolyl)‑1,4‑dihydrochromeno[4,3‑b]
pyrrol‑3‑yl)acetonitrile (5c):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 2.42 (s, 3H), 4.13 (s, 2H), 7.40–7.45 
(m, 3H), 7.46–7.53 (m, 2H), 7.55–7.57(m, 2H), 8.21 (dd, 
J = 1.5 Hz, 7.5 Hz, 1H), 12.84 (s, 1H). 13C NMR (DMSO-
d6, 125  MHz) δ (ppm): 13.89, 21.34, 107.65, 108.22, 
113.78, 117.36, 118.96, 122.19, 124.76, 127.57, 128.37, 
129.55, 130.09, 135.47, 135.69, 138.64, 151.76, 158.57. 
EI-MS (70 eV): m/z (%) = 314  (M+, 100). Anal. calcd for 
 C20H14N2O2: C, 76.42; H, 4.49; N, 8.91%. Found: C, 76.40; 
H, 4.45; N, 8.90%.

2‑(2‑(4‑chlorophenyl)‑4‑oxo‑1,4‑dihydrochromeno[4,3‑b]
pyrrol‑3‑yl)acetonitrile (5d):

Cream powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500  MHz) δ (ppm): 4.17 (s, 2H), 7.40–7.43 (m, 1H), 
7.45–7.54 (m, 2H), 7.65–7.74 (m, 4H), 8.185 (d, J = 7.5 Hz, 
1H), 12.93 (s, 1H). 13C NMR (DMSO-d6, 125 MHz) δ 
(ppm): 13.78, 107.73, 109.21, 113.67, 117.44, 118.79, 
122.26, 124.86, 129.27, 129.59, 129.59, 129.81, 130.25, 
130.26, 133.78, 134.07, 136.06, 151.84, 158.50. EI-MS 
(70 eV): m/z (%) = 336  (M+ + 2, 35), 334  (M+, 100). Anal. 
calcd for  C19H11ClN2O2: C, 68.17; H, 3.31; N, 8.37%. 
Found: C, 68.14; H, 3.28; N, 8.4%.

2‑(2‑(4‑methoxyphenyl)‑4‑oxo‑1,4‑dihydrochromeno[4,
3‑b]pyrrol‑3‑yl)acetonitrile (5e):

Cream powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 3.84 (s, 3H), 4.09 (s, 2H), 7.16 (d, 
J = 7.5 Hz, 2H), 7.37- 7.41 (m, 1H), 7.44–7.51 (m, 2H), 

7.57–7.59 (m, 2H), 8.17 (d, J = 7.5 Hz, 1H), 12.79 (s, 1H). 
13C NMR (DMSO-d6, 125 MHz) δ (ppm): 13.86, 55.80, 
107.57, 107.73, 113.81, 115.01, 115.01, 117.37, 119.02, 
122.13, 122.74, 124.77, 129.48, 129.95, 129.95, 135.46, 
135.50, 151.73, 158.59, 159.97. EI-MS (70  eV): m/z 
(%) = 330  (M+, 100), 315 (26), 287 (28). Anal. calcd for 
 C20H14N2O3: C, 72.72; H, 4.27; N, 8.48%. Found: C, 72.7; 
H, 4.25; N, 8.45%.

2‑(2‑(3‑methoxyphenyl)‑4‑oxo‑1,4‑dihydrochromeno[4,
3‑b]pyrrol‑3‑yl)acetonitrile (5f):

White powder, m.p >  300  °C, 1H NMR (DMSO-d6, 
500 MHz) δ (ppm): 3.86 (s, 3H), 4.14 (s, 2H), 7.06–7.09 
(m, 1H), 7.19 (s, 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.39–7.54 
(m, 4H), 8.20 (d, J = 7.5 Hz, 1H), 12.87 (s, 1H). 13C NMR 
(DMSO-d6, 125  MHz) δ (ppm): 13.93, 55.75, 107.68, 
108.79, 113.74, 114.10, 114.63, 117.41, 118.97, 120.73, 
122.27, 124.81, 129.70, 130.76, 131.64, 135.24, 135.83, 
151.82, 158.56, 160.04. EI-MS (70 eV): m/z (%) = 330  (M+, 
100), 287 (30). Anal. calcd for  C20H14N2O3: C, 72.72; H, 
4.27; N, 8.48%. Found: C, 72.7; H, 4.25; N, 8.45%.

α‑glucosidase inhibition assay

α-glucosidase inhibition assay was performed exactly 
according to the previously reported procedure [20, 51–53].

Enzyme kinetic studies

The mode of inhibition of the most active compound (5e), 
identified with the lowest  IC50, was investigated against 
α-glucosidase at different concentrations of p-nitrophenyl 
α-D-glucopyranoside (2–10 mM) as substrate in the absence 
and presence of 5e at different concentrations (0, 12, 25, and 
50 µM). 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 recipro-
cal of the substrate concentration (1/[S]) and reciprocal of 
enzyme rate (1/V) over various inhibitor concentrations. The 
experimental inhibitor constant (Ki) value was constructed 
by secondary plots of the inhibitor concentration [I] versus 
Km [52].

Molecular docking

The 3D structure of α-glucosidase with PDB ID: 5NN8 
(EC: 3.2.1.20, resolution: 2.45 Å) was downloaded from 
the Brookhaven protein database (https:// www. rcsb. org/ 
struc ture/ 5NN8). Docking studies were performed using 
AutoDock Tools (version1.5.6). The 3D structure of the 
selected compound was generated and energy minimized 
using hyperchem software and then converted to pdbqt 

https://www.rcsb.org/structure/5NN8
https://www.rcsb.org/structure/5NN8
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coordinate via Autodock Tools. Before docking, the water 
molecules and the inhibitor were removed from the protein. 
Then, using AutoDock Tools, polar hydrogen atoms were 
added, and Kollman charges were assigned. The active site 
is defined by the ligand of the protein crystal structure. The 
dimensions of the active site box were set at 60 × 60 × 60 Å 
with flexible ligand dockings approach. The docked system 
was carried out by 50 runs of the AUTODOCK search by 
the Lamarckian genetic algorithm (LGA). The best posi-
tion of 5e was selected for analyzing the interactions against 
α-glucosidase. The results were visualized using Discovery 
Studio 2016 Client [22].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11030- 021- 10337-w.
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