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Abstract. Some of the chalcones and ﬂavones are very efﬁcient to facilitate the signal of death to the lung
cancer cell through blocking the active site BH3 of Bcl-2 proteins. We designed a number of novel chalcones
and ﬂavones targeting the active site of the protein. Docking study showed that the designed compounds were
very efﬁcient as the reported compounds. We synthesized and characterized some of the designed compounds. 2,3-Tetrasubstituted-2,3-dihydrobenzofuran-3-carboxamides were generated as novel products by
base-catalyzed condensation of o-hydroxyacetophenones and p-nitrobenzaldehyde in different alcohols.
Detailed NMR spectroscopic analysis including COSY, homodecoupling and HETCOR (one bond as well as
long-range) studies established the structure of the compounds. Mechanistic paths have been suggested for the
formation of the novel products.
Keywords. 2,3-Tetrasubstituted-2; 3-dihydrobenzofuran-3-carboxamides; Docking, Bcl-2 inhibitor; Bcl-2
inhibitor; chalcones.

1. Introduction
Flavonoids, very well-known natural products, are
extensively studied from a long time for their wide space
distribution in nature. The interest of the scientiﬁc
community on these venerable compounds grow frequently due to potent cytotoxicity property against a
number of cancer cell lines.1–3 In the in vitro tests for
antitumor activities, natural or synthetic chalcones
(ﬂavonoids), gave excellent results.4–8 However, our
understanding of the mechanism of action of these
synthetic and natural chalcones for the in vivo antitumor
activity are still mostly unknown, till date.
Lonchocarpin, a natural chalcone, show high cytotoxicity9 against human lung cancer cell lines10 and
CEM leukaemic cell line (IC50 value 10.4 lg/mL).11
Recently, Wang et al., showed that apoptosis in the
cells line A549 (human lung cancer) can be induced by
the involvement of some synthetic chalcones.9

However, Chen et al., has been investigated the role of
some natural ﬂavonoids for their cytotoxicity on H292
cells line, in details.10 Among ten different human
lung cancer cell lines, lonchocarpin can induce apoptosis through alterations of Bax and Bcl-2 protein in
H292 cells with more cytotoxic than A549 cells.10 If
tumor cells can avoid cell death by stopping apoptotic
signals, it causes cancer. Here, Bcl-2 family plays a
vital role in cell apoptosis through the balancing of
anti-apoptotic and proapoptotic controlling proteins.
Binding of proapoptotic triggering proteins (Bax
and Bak) with Bcl-2 and family (Bcl-xL, Bcl-w, A1
and Mcl-1) can inhibit the apoptosis through
restraining Bax and Bak at their binding site (BH3).
These proapoptotic triggering proteins activate caspase-9 and caspase-312, two downstream genes,
through discharging proapoptotic signaling factors
cytochrome c at the mitochondrial membrane.
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Figure 1. Some anti-lung cancer lonchocarpin derivatives.

Therefore, we can design such molecules that able to
bind at the BH3-binding pocket or any allosteric site in
such a way that Bax and Bak fail to bind and inducing
tumor cell apoptosis. Several compounds synthesized
or extracted from natural sources have been tested for
anticancer agents following Bcl-2-inhibitory strategy,
shown in Figure 1.12,13
Synthetic procedure using environmentally benign
reagents under mild conditions have lately been receiving
much attention from organic chemists. In particular, easy
separation of the products from the reaction mixture is a
key point in the production of large quantities of organic
molecules. The base-catalyzed Claisen–Schmidt reaction
for preparation of 20 -hydroxychalcones from o-hydroxyacetophenones and aromatic aldehydes is a common
synthetic route to ﬂavonoid synthesis. Three important
ﬁndings in the area of base-catalysed 1:2 condensations
of o-hydroxyacetophenones and aromatic aldehydes
were: (i) novel formation of trans-2,3-dimethoxy-3-(pformylphenylamino)-40 -nitroﬂavanones14 from o-hydroxy-acetophenones and p-nitrobenzaldehyde in aqueous methanol.14 (ii) successful synthesis of E-3benzylideneﬂavanones and some of their heterocyclic
analogs from o-hydroxyacetophenones and aromatic
aldehydes in a reaction medium which favours precipitation of the ﬁnal product15 and (iii) novel formation of

6-acyl-5-(2-pyrrolyl)-3H-pyrrolizines from o-hydroxyacetophenones or methyl ketones and pyrrole-2-aldehyde.16 Therefore, we report herein a comparative study
of our designed novel lonchocarpin derivatives with Bcl2 inhibitor lonchocarpin and other active ﬂavonoids of
natural source for the binding potency with the help of
docking experiments since lonchocarpin-induced apoptosis proceed through caspase-3 activation and Bax upregulation process. After that, we have synthesized the
designed compound having the highest binding energy
obtained from docking.

2. Experimental
2.1 General
Mps were recorded on a Köﬂer block and are uncorrected. 1H
and 13C NMR spectra were recorded in CDCl3, DMSO-d6 on
a Bruker AV-300 (300 MHz) spectrometer. Mass spectrum
was acquired on a Waters Xevo G2QT of HRMS spectrometer. Analytical samples were dried in vacuo at room temperature. Microanalytical data were recorded on a Perkin–
Elmer 2400 Series II C, H, N analyzer. Column chromatography was performed on silica gel (100–200 mesh) using
petroleum ether (60–80 °C) and petroleum ether-ethyl acetate mixtures as eluents. TLC was done with silica gel G.
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2.2 Docking study
The molecular docking study of the designed compounds
with Bcl-2 protein using the AutoDock 4.2.0 windows
applications and with the help of AutoDock tools. The 3D
structure of Bcl-2 protein was downloaded from the RCSB
website and the PDB ID is 4LVT.17 The Density Functional
Theory (DFT) was used for the optimization of ground-state
geometries of the compounds with B3LYP functional and
6-31G level of theory by Gaussian 09 windows version
software.18 In the case of Bcl-2 with the compounds, Gasteiger charges have been assigned after adding all hydrogen
atoms to the corresponding systems. In these docking
studies, designed molecules and reported molecule were
allowed to ﬂexible and protein were rigid. To predict the
possible binding sites of the molecules to protein, a
126x126x126 Å3 grid box were used for protein with 20 000
subsequent precise docking step and 1000 exhaustiveness
parameter was applied. A Lamarckian genetic algorithm
was applied to get 10 conformers of molecules inside the
different protein cavity having minimum potential energy.
The protein-molecule complex with the lowest potential
energy was considered for further analysis. Chimera 1.10.2
and BIOVIA Discovery studio 2017 program for windows
were utilized for the visualization.

2.3 Typical method for condensation of ohydroxyacetophenones with p-nitrobenzaldehyde
To a solution of o-hydroxyacetophenone (0.68 g, 5 mmol)
and p-nitrobenzaldehyde (1.51 g, 10 mmol) in methanol
(15 mL) a 40% aqueous KOH solution (15 mL) was gradually added and the reaction mixture was kept at room
temperature for 20 h. Any precipitate formed was removed
by ﬁltration and the ﬁltrate was acidiﬁed with dilute HCl
and then extracted with chloroform. The concentrate of the
chloroform was chromatographed over silica gel (100–200
mesh) to obtain the desired product. The compound then
crystallized from chloroform-petrol.

3. Results and Discussion
3.1 Designing of lonchocarpin derivatives
Chen et al., isolated and performed 3D- Quantitative
structure activity relationship (QSAR) study of the
isolated compounds. The compounds found to be best
in the 3D-QSAR and in vivo study are shown in
Figure 1.10 The compounds help us to design new
molecules expecting better results. The Gaussain
based 3D-QSAR study of lonchocarpin shows that the
increase of electronegativity of its A, B and C ring
(Figure 2) and electropositivity at C8, C7, OH and
carbonyl group is highly favourable for apoptosis in
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lung cancer cell. In the case of steric interactions, the
favourable and disfavourable regions are C2, C15-C16
and C13-C14-C19 region, respectively. Hydrogen of
C3, C7, C8, C15-C16 and methyl hydrogen of C2 are
the favoured parts for hydrophobic interactions.
Whereas, ring A and C12=C13 bond are disfavoured
hydrophobic region. Considering these facts and the
structural features of the molecules 2–6, we designed a
series of compounds having ﬂavonoids moiety and
another series of compounds containing lonchocarpin
moiety (Figure 2). The compounds 10 was obtained by
merging the basic structures of the compounds of 2, 3,
4, 5 and 6. Attaching a polar group at the C17 of 1 can
give the compounds 11. We also introduced the polar
group which has balanced hydrophobic and hydrogen
bond acceptor groups with branched structure by
which it can ﬁt the side pockets of the BH-3 cavity of
the Bcl-2 protein.
3.2 Docking of designed and natural
lonchocarpin derivatives
To understand the probable ﬂavonoids mediated caspase-3 activation mechanism, docking is a very
effective tool.19 We performed a docking of all the
designed ﬂavonoids (10a–f and 11a–f) and reported
active ﬂavonoids (1–9) with Bcl-2 protein and the
results are summarized in Table 1. The Bcl-2 protein
has a hydrophobic binding pocket BH3 that form a
complex with Bax (Figure 3a) and inhibit the signal of
death. The Bcl-2 inhibitors like navitoclax (PDB:
4LVT)17 bind at the BH3 pocket, selectively and allow
the death signals of cancer cells by forbidding the
binding of the Bax. The results show that all the
compounds of series-I and II are efﬁcient to bind with
the Bcl-2 protein at the BH3 binding pocket. The
compounds of series-II exhibit better results than those
of series-I (Table 1) and 11f and 10a are found to be
the best in the corresponding series. The designed
compounds exhibit moderate to high binding efﬁciency with respect to lonchocarpin and other antilung cancer ﬂavonoids (2–9). In the case of series-I,
the top three compounds (10a, 10c and 10g) showing
highest binding energy values was docked in the different regions of the BH3 binding site represented in
Figure 3 (b, c and d, respectively). Similarly, the top
three compounds (11f, 11d and 11e) of series-II are
shown in Figure 3e,3f and 3g, respectively. However,
the binding pose of 11b is very interesting as its lonchocarpin moiety bind inside the side pocket of BH3
and the side chain anchor in the BH3 site (Figure 3f).
This most active compound 11f mainly utilize the
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Figure 2. Strategies for new lonchocarpin derivatives.

hydrophobic non-covalent interactions inside the
binding site with the amino acid enclosure of Arg107,
Tyr108, Gln118, Val133, Lue137 and Ala149 (Supplementary Information). However, a hydrogen
bonding also observed with Gln118 residue. It is very
interesting to note that the overlay of all the docked
structures (Figure 3h) indicates the distribution of
binding regions of the compounds covers the almost
the entire region of the BH3 site where Bax bind and
the binding region of the designed compound is the
preferred site of the active compounds 1–9. To ﬁnd the
universal applicability of these compounds as Bcl-2
inhibitor, we performed docking with more six Bcl-2
protein structures and found similar results.

3.3 Synthesis of lonchocarpin derivatives
The retrosynthetic analysis for the two series of
compounds is shown in Figure 4. The analysis shows
that the compound is easy to synthesis using aldol type
reaction. The base-catalysed 1:2 condensation between
o-hydroxyacetophenones (12) and p-nitrobenzaldehyde (13) which was performed in aqueous methanolic

alkali yielded trans-2,3-dimethoxy-3-(p-formylphenylamino)-40 -nitroﬂavanones (10),14 a precipitate. However, acidiﬁcation of the reaction mixture left after the
removal of the precipitate (10) followed by product
isolation in the usual way gave the title compound as
novel product 11. It is to be mentioned here that
analogs of (10) were not obtained substituting
methanol by other alcohols but 11 were obtained in
different alcohols.14
Analytical and spectral data showed that 11a, 11b
named as S-Me, S-Et, respectively obtained by using
methanol, ethanol, respectively, were differed only in
the alkoxy group. Detailed NMR spectroscopic analysis including COSY, homo decoupling and HETCOR
(one bond as well as long-range) studies established
the structure of the novel products 11 as 2,3-tetrasubstituted 2, 3-dihydrobenzopyran-3-carboxamide
derivatives. It is to note that compound 11 and its
analogs obtained in amorphous state which were not
suitable for X-ray crystal analysis.
When each of the hydroxyacetophenones 12a–d
were allowed to undergo condensation with p-nitrobenzaldehyde in different aqueous alcoholic-KOH
(40%) (20 h, r.t), the yellow amorphous compounds 11
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Table 1. Calculated binding energy (from docking) of designed and reported compounds.a
Entry

Compound

1
2
3
4
6
7
8
9
10
11
12
13
14

1
2
3
4
5
10a
10b
10c
10d
10e
10f
10g
10h

a

Binding energy (DG) kcal/mol
-

5.49
5.56
6.48
6.72
6.61
4.77
3.12
4.68
4.05
3.77
3.97
- 4.26
- 3.82

Entry

Compound

Binding energy (DG) kcal/mol

15
16
17
18

6
7
8
9

-

6.64
4.99
5.21
5.51

19
20
21
22
23
24
25
26

11a
11b
11c
11d
11e
11f
11g
11h

-

4.69
4.48
4.56
4.62
4.87
5.67
5.19
5.41

Structures of the compounds 10a–f and 11a–f are shown in Table 2.

were obtained in each case by careful acidiﬁcation of
the reaction mixture followed by usual workup and
chromatographic separation. Any precipitate formed
was removed by ﬁltration before acidiﬁcation. It
should be mentioned here that the yield of the product
10 was in the range of 10–15% for equimolar 12 and
13. However, the yield of the product 10 was increased
to 45–52% when the starting materials were taken 1:2
molar ratio instead of the 1:1 molar ratio. The reaction
was optimized to 1:2 molar ratio of 12 and 13 to give a
better yield in case of both the products. The results
are presented in Table 2.
All the analogs of S-Me (11a) gave positive ferric
chloride coloration and contained three D2O
exchangeable protons observed in the downﬁeld
region. The broad singlet peak at d 8.71 of S-Me
disappeared by the exchange of the proton with D of
D2O. This exchange was found to be somewhat slower
than the other D2O exchangeable protons at d 4.55 and
12.82 ppm. The slow exchange of proton by D2O is
characteristic of amide N–H which is found in S-Me
(11a) and its other alkoxy analogs. The presence of O–
H and N–H in S–Me were also supported from the
peaks at 3460 cm-1 and 3360 cm-1. The relatively
sharp nature of 3360 cm-1 peak is the characteristic of
N–H. Formation of only mono acetylation product of
phenolic OH of S–Me and its alkoxy analogs strongly
supports the presence of tertiary OH group, which fails
to undergo acetylation. The compound 11a and its
analogs were not hydrolysed in acid or base and they
did not eliminate water or alcohol during melting.
Thus, it may be stated that 11a and its analogs contain
an anilide moiety and it was also indicated from 13C
NMR peak at d 167.1 ppm. Finally, the characteristic
peaks for carbonyl at 1642 (amide) and 1690 (a,b-

unsaturated ketone) cm-1 in FT-IR spectra of product
11 further conﬁrms the presence of the amide group in
it.
All the derivatives of 11 were high melting and
highly polar in nature and they were formed by a
combination of two molecules of the initial product of
20 -hydroxy-4-nitrochalcones 14. So, the mechanistic
path delineated in Figure 5 may be suggested for the
formation of the novel products 11. The analytical and
spectral data of 11a and its analogs deﬁnitely indicated
that in the formation of 11a and its alkoxy analogs two
molecules of 20 -hydroxy-4-nitrochalcones 14 were
combined in such a way that the net change in the
elimination of one molecule of water and addition of
one molecule of alcohol used in the reaction process
took place. The intermediate 15 can give both 10 and
11 depending upon R group. The DFT study shows
that the C atom of imine (C=N) possess higher positive
Mullicken charge when R group is a,b-unsaturated
ketone instead of CHO containing group which may
be due to the presence of extended conjugation in a,bunsaturated ketone part (See ESI). Therefore, the
attack on the carbon become selective. If the R is
aldehyde, the C=N carbon center is soft acid, the soft
base R’OH is preferred that leads to the formation of
10. However, the carbon center is hard if R is a,bunsaturated ketone, and the hard base hydroxyl anion
attack the center to give 16. The intermediate 16, like
a–hydroxyl ketone, contains a–hydroxy-a-amino
ketone moiety that undergoes base induced benzilic
acid rearrangement to produce 11. The presence of
highly reactive a–hydroxy-a-amino ketone group in
16 may be the reason for its non-isolation from the
alkaline reaction media. The compound 10 failed to
follow the rearrangement due to the lack of a–

105

Page 6 of 9

J. Chem. Sci. (2020)132:105

Table 2. Scope of the base-catalysed 1:2 condensation between o-hydroxyacetophenones and p-nitrobenzaldehyde.
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Figure 3. Docking pose of the (a) Bax protein as well as compound (b) 10a, (c) 11c, (d) 11g, (e) 11f, (f) 11b and (g) 11g
with Bcl-2. (h) The overlay of docking poses of compounds 1–9, 10a-h and 11a-h.

Figure 4. Retrosynthetic analysis of the compounds of series-I and II.

hydroxyl group. It is interesting to note that the
cyclization product of the chalcone portion of 11 never
found even after taking several attempts. There was no

indication for the formation of other products in the
TLC experiments also. Probably, the b-carbon of the
a,b-unsaturated portion becomes less reactive due to
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Figure 5. Plausible mechanism for the formation of 10 and 11.

the extended conjugation of the unshared pair of
electron of the N-atom of the amide group of 11 and
hence the a,b-unsaturated portion failed to cyclization.

acknowledged. We are also grateful to the University of
Calcutta and Jadavpur University for providing the instrumental facilities.

4. Conclusions

Supplementary Information (SI)

In conclusion, we report some chalcone and ﬂavone
molecules designed for Bcl-2 inhibition with the help
of some molecules isolated from natural sources by
Cheng et al. A docking study of the reported and the
designed novel compounds show that some of the
designed molecules (11f, 11g and 11h) were very good
Bcl-2 inhibitor like isolated molecules (1). A novel
2,3-tetrasubstitited-2,3-dihydrobenzofuran-3-carboxamides have been synthesized using a very simple
technique, mild conditions and environmentally
benign reagents. The in vivo and in vitro studies of
these compounds for Bcl-2 inhibition is our near future
project.

NMR data and ﬁgures of the compounds and the
docking results with different poses of the synthesized
compounds with Bcl-2 protein are available at www.
ias.ac.in/chemsci.
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