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A B S T R A C T

In an endeavor to develop antibacterial agents, a series of six 1,4-benzodioxan-6-yl substituted chalcone de-
rivatives were synthesized by the base-catalyzed Claisen-Schmidt reaction of the 1-(2,3-dihydrobenzo[b][1,4]
dioxin-6-yl)ethan-1-one with fluoro and chloro substituted aromatic aldehydes. The synthesized products were
characterized by FT-IR, 1H NMR, and 13C NMR spectroscopic techniques. The density functional theory (DFT)
calculations were performed using the B3LYP functional with the 6-31G(d,p) basis set for the optimization of
molecular geometries and frequency calculations. The CAM-B3LYP functional with a 6-31G(d,p) basis set was
used in time-dependent density functional theory (TD-DFT) calculations for the electronic absorption studies.
Optimized geometries, frontier molecular orbitals, and global reactivity descriptors' specifications were computed
and addressed. The simulated electronic absorption spectra were recorded in the gas phase and dichloromethane
(DCM) solvent. The electronic configurations, oscillator strengths, and excited state energies were also discussed.
The theoretical UV–Vis and IR vibrational analyses were equated with the experimental findings for the assign-
ment of absorption bands. The synthesized chalcones were evaluated for in vitro antibacterial activities against
two Gram positive bacteria (Bacillus subtilis and Staphylococcus aureus) and two Gram negative bacteria (Escher-
ichia coli and Proteus vulgaris). The DFT simulations were correlated with the antibacterial findings and it was
discovered that they were highly helpful in the designing antibacterial agents and to establish the structur-
e–activity relationship. Theoretical calculations are in good correlation with the in vitro antibacterial results.
1. Introduction

Due to the excellent pharmacological exercises, the chalcones of both
natural and synthetic origin have received ample attention. Continuing
through the worldwide reports in every database of various recorded and
awarded patents of medicinal interest, an exceedingly strong under-
standing is that the researchers have deeply tried to transform the con-
cealed natural and traditional pharmacological information into
advanced medications. The rapid increase in antibiotic resistance has
become a notorious global epidemic, and chalcone derivatives have been
seen as one of the sets of compounds that fascinate this serious public
health issue for the advancement of pharmaceuticals [1–3]. Chalcones
belong to a class of flavonoids and are widely distributed in plants such as
fruits, vegetables, tea, and spices [4–6]. Natural and synthetic forms of
chalcones are found to show various important bioactivities including
anticancer [7], antimicrobial [8], antioxidant [9], anti-inflammatory
[10], antitubercular [11], anti-angiogenic [12], anti-breast cancer [13].
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In view of its appreciative antimicrobial activity, the chalcone framework
has been utilized for chemical alteration to discover novel derivatives
with improved pharmacological profiles. The majority of the chalcone
moieties have produced profound interest owing to the fact that their
biological properties and characteristic conjugated molecular framework
and subsequently are in the focal point of consideration of drug
designing. Chalcones are natural biocides and are notable intermediates
in the synthesis of different heterocyclic scaffolds [14,15].

Chalcone compounds have a typical 1,3-diaryl-2-propen-1-one
chemical skeleton, also known as chalconoid, which occurs as trans and
cis isomers, with a thermodynamically more stable trans isomer. For
clinical use, many chalcone-based compounds have been endorsed.
Metochalcone, for example, was introduced as a choleretic treatment,
while sofalcone was previously seen as an anti-ulcer and mucoprotective
drug [16–18]. Conventionally chalcones can be synthesized by
Claisen-Schmidt condensation; the condensation reaction between aro-
matic aldehydes and aromatic ketones to form α,β-unsaturated aromatic
pril 2021
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enone pharmacophore. The presence of α,β-unsaturated keto function in
chalcones can undergo conjugate addition into an essential protein with a
nucleophilic group, thereby conferring antimicrobial activity. Chalcones
containing heterocyclic ring systems of nitrogen, oxygen, or sulphur have
improved pharmacological activity. With the widespread benefits of
halogenated organic compounds bearing heterocyclic ring system, we
have directed our investigation in the synthesis of chalcone derivatives
adhered to a heterocyclic ring containing an oxygen atom.

The field of DFT has captivated researchers because of its wide ap-
plications in structural chemistry. Utilizing DFT, several noteworthy
structural parameters could be speculated [19–21]. The molecular
properties like molecular structure, bond lengths, and bond angles and
spectroscopic properties like UV–Vis, FT-IR, Raman, and NMR have been
largely explored by using the DFT method with appropriate functional
and basis set [22–25]. It has been reported that the DFT approach using
B3LYP functional with suitable basis set predicts the UV–Vis and vibra-
tional spectroscopic properties in right agreement with the experimental
spectroscopic data [26–31]. The assignment of absorption bands and, as a
result, the prediction of electronic and chemical properties of molecules
are observed to be appropriate using the B3LYP functional with a
6-31G(d,p) basis set [32–36]. DFT has been used to research these
obligatory facets in the computational study of synthesized molecules.
Most notably, DFT simulations have previously been used to anticipate
biological activities [37–39]. By considering all these important aspects
of biologically active chalcones and computational chemistry we present
here the combined study on synthesis, antibacterial and computational
investigation of chloro and fluoro bearing chalcones derived from 1-(2,
3-dihydrobenzo[b][1,4]dioxin-6-yl)ethan-1-one. In the context of the
study, this is the first report on the combined exploration of antibacterial
and DFT studies of the synthesized chalcones.
Table 1
Structures and Abbreviations used.

Sr. No. Structure of the chalcone Name of the chalcone

1. (E)-1-(2,3-dihydrobenz

2. (E)-1-(2,3-dihydrobenz

3. (E)-1-(2,3-dihydrobenz

4. (E)-1-(2,3-dihydrobenz

5. (E)-1-(2,3-dihydrobenz

6. (E)-1-(2,3-dihydrobenz

2

2. Results and discussion

2.1. Chemistry

All the chalcone derivatives synthesized (3a–3f) via the Clai-
sen–Schmidt condensation reaction were characterized by FT-IR, 13C
NMR, and 1H NMR spectroscopy, and the findings were correlated with
literature data. The structures of the synthesized chalcones are given in
Table 1 and their abbreviations are used for the discussion of data pre-
sented in the current research work. For compound DBDCPP-3 contain-
ing 2,6-dichlorobenzaldehyde moiety, the highest yield (95%) was
obtained, whereas compound DBFPP-2 gave the lowest yield (82%). It
was seen that there is an improvement in the yield when fluoro substit-
uent is replaced by chloro substituent. In particular, as the electronega-
tivity of halogens decreases, the yield increases. FT-IR spectra of
synthesized chalcones showed the appearance of the broad intense peaks
in the range of 3088–2843 cm�1 due to Ar-CH stretching vibrations, and
intense peaks in the range of 1686–1651 cm�1 due to νCO stretching. The
existence of a ketonic carbonyl group conjugated with the olefinic
carbon-carbon double bond was affirmed from the infrared spectra as the
carbonyl peak was observed at a lower wavenumber than a normal
carbonyl peak. The 1H NMR coupling constant analyses indicated that
two hydrogen atoms of the olefinic carbon-carbon double bond were in a
trans configuration (J approximately 15 Hz) [25]. The existence of two
methylene (–CH2–) groups attached to the oxygen atoms affirmed by the
chemical shifts in the range 4.38–4.26 ppm in the 1H NMR spectra. The
signals for these two methylene groups were seen in the 13C NMR spec-
trum in the range of 64.0–65.0 ppm. In addition, the signal which
appeared as multiplets in the aromatic region (6.5–8.5 ppm) indicates the
presence of aromatic protons present in the molecules. The 13C NMR
Abbreviation used

o[b][1,4]dioxin-6-yl)-3-(3-fluorophenyl)prop-2-en-1-one DBFPP-1

o[b][1,4]dioxin-6-yl)-3-(4-fluorophenyl)prop-2-en-1-one DBFPP-2

o[b][1,4]dioxin-6-yl)-3-(2,4-dichlorophenyl)prop-2-en-1-one DBDCPP-1

o[b][1,4]dioxin-6-yl)-3-(2,3-dichlorophenyl)prop-2-en-1-one DBDCPP-2

o[b][1,4]dioxin-6-yl)-3-(2,6-dichlorophenyl)prop-2-en-1-one DBDCPP-3

o[b][1,4]dioxin-6-yl)-3-(2-chlorophenyl)prop-2-en-1-one DBCPP
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signals at approximately 188.5 ppm in all synthesized chalcones were
assigned carbonyl carbon. The carbonyl carbon of isolated ketone ab-
sorbs nearly at 200.0 ppm, nonetheless, the presence of α,β unsaturation,
causes an upfield shift in chemical shift value, and the reasonable justi-
fication is the delocalization of charge by the benzene ring or by the
double bond which increases the electron density at carbonyl carbon as
compared to the isolated to the carbonyl carbon.
2.2. Computational study

The selection of a suitable basis set was an important task during the
computational study. For the accurate selection of the basis set, there
should be a high degree of agreement between theoretical simulations
and experimental results. For the purpose of determining a suitable basis
set, the experimental IR data were correlated with the theoretically
computed IR data by employing the B3LYP functional with four separate
basis sets: 6-31G(d,p), 6-311G(d,p), 6-311þG(d,p) and 6-311þþG(d,p).
During this correlation, we observed that the theoretical and experi-
mental IR data matches appropriately with a 6-31G(d,p) basis set. Thus,
optimization and frequency calculations of the studied chalcones were
computed by using B3LYP functional with a 6-31G(d,p) basis set. While
for TD-DFT calculations the CAM-B3LYP functional with a basis set of
6–31G(d,p) was more appropriate as there was a great agreement be-
tween the theoretical and experimental UV–Vis absorption data.

2.2.1. Molecular structure study
Six chalcone molecules synthesized from 1-(2,3-dihydrobenzo[b]

[1,4]dioxin-6-yl)ethan-1-one (Table 1) were analyzed in the current ex-
amination using the DFT method with a B3LYP functional and 6-
31G(d,p) basis set to set up different structural and chemical parame-
ters. Fig. 1 depicts the optimized molecular structures of the synthesized
chalcone molecules. The highest polarity (μ ¼ 3.42 Debye) was found in
DBFPP-2 molecule and the lowest (μ ¼ 1.61 Debye) in DBCPP molecule.
The reason for the high polarity in the DBFPP-2 molecule is attributed to
the presence of more electronegative fluorine atom para to the, α,β
conjugated system. On the other hand, in the case of the DBCPP mole-
cule, the presence of less electronegative chlorine atom at the ortho
Fig. 1. Optimized molecular struct
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position brings about a reduction in polarity. The phenomenon of po-
larity is extremely crucial to foresee which compounds would enter
through the lipophilic membrane of the microorganisms.

2.2.2. Frontier molecular orbitals' and global descriptors' study
The frontier molecular orbitals (FMOs) of the synthesized molecules

are presented in Table 2. The highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) are called as
FMOs. The electron occupancy in the HOMO and LUMO are often used to
predict the chemical reactivity of the molecules [40,41]. The HOMO is
mainly concentrated on the 2,3-dihydrobenzo[b][1,4]dioxin-6-yl struc-
ture of the chalcone skeleton in all of the analyzed chalcone molecules,
according to FMO pictures. This is attributed to the presence of higher
electron density in the heterocyclic part of the chalcone skeleton. On the
contrary, it was revealed that LUMO is primarily induced by the mole-
cule's conjugated double bonds, and hence it is distributed through
another aryl ring also. This interpretation leads to the conclusion that
these chalcone molecules will facilitate aromatic electrophilic substitu-
tion reactions on the 2,3-dihydrobenzo[b][1,4]dioxin-6-yl structure and
aromatic nucleophilic substitution reactions on another aryl ring. The
electronic parameters were predicted by using HOMO and LUMO en-
ergies. The global reactivity parameters were established using Koop-
man's theorem to analyze the chemical behavior of the synthesized
chalcone molecules [40–42]. The electronic parameters and global
reactivity descriptor statistics of all six chalcone molecules are given in
Table 3 and Table 4, respectively. The FMOs' calculations showed that
the DBDCPP-1 and DBDCPP-2 molecules have the less HOMO-LUMO
energy gap (Eg ¼ 3.77 eV) and the DBFPP-2 molecule has the most
elevated HOMO-LUMO energy gap (Eg ¼ 3.95 eV). The rationale for this
behavior is the presence of more electronegative fluorine substituent in
the DBFPP-2 molecule. The lower HOMO-LUMO energy difference in the
DBDCPP-1 and DBDCPP-2 molecules showed that the eventual transfer of
charge occurs within the molecules. The DBCPP molecule has more
reactive HOMO (EHOMO¼�5.92 eV) and DBDCPP-1 and DBDCPP-3 have
less reactive HOMO (EHOMO¼�6.00 eV). This implies that DBCPP would
react faster with electrophiles while DBDCPP-1 and DBDCPP-3 with a
slower rate. The DBCPP molecule contains one chlorine substituent,
ures of synthesized chalcones.



Table 2
FMO of title molecules.

Entry HOMO LUMO

DBFPP-1

DBFPP-2

DBDCPP-1

DBDCPP-2

DBDCPP-3

DBCPP

Table 3
Electronic parameters.

Entry ETotal (a.u.) EHOMO

(eV)
ELUMO

(eV)
Eg
(eV)

I
(eV)

A
(eV)

DBFPP-1 ¡981.14 �5.98 �2.10 3.88 5.98 2.10
DBFPP-2 ¡981.14 �5.94 �1.99 3.95 5.94 1.99
DBDCPP-
1

¡1801.09 �6.00 �2.23 3.77 6.00 2.23

DBDCPP-
2

¡1801.08 �5.99 �2.22 3.77 5.99 2.22

DBDCPP-
3

¡1801.08 �6.00 �2.10 3.90 6.00 2.10

DBCPP ¡1341.49 �5.92 �2.06 3.86 5.92 2.06

Note: I ¼ �EHOMO & A ¼ �ELUMO.

Table 4
Global reactivity parameters.

Entry Х
(eV)

ɳ
(eV)

σ
(eV�1)

ω
(eV)

Pi
(eV)

ΔNmax
(eV)

Dipole
moment
(Debye)

DBFPP-1 4.04 1.94 0.51 4.21 �4.04 2.08 2.37
DBFPP-2 3.96 1.97 0.51 3.98 �3.96 2.01 3.42
DBDCPP-
1

4.11 1.88 0.53 4.49 �4.11 2.19 2.90

DBDCPP-
2

4.10 1.88 0.53 4.47 �4.10 2.18 1.72

DBDCPP-
3

4.05 1.95 0.51 4.20 �4.05 2.08 3.36

DBCPP 3.99 1.93 0.52 4.12 �3.99 2.07 1.61

Note: χ¼ (Iþ A)/2; ɳ¼ (I� A)/2; σ¼ 1/ɳ; ω¼ Pi2/2ɳ; Pi¼�χ;ΔNmax¼�Pi/ɳ.
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while the DBDCPP-1 and DBDCPP-3 molecules have two chlorine sub-
stituents that affect the HOMO energy. The LUMO of DBDCPP-1molecule
is more reactive (ELUMO ¼ �2.23 eV) and that of DBFPP-2 (ELUMO ¼
�1.99 eV) is less reactive. In comparison to the other molecules, this
demonstrated that DBDCPP-1 would react faster with nucleophiles and
DBFPP-2 would react slower. The molecules with the highest ionization
4

potential were DBDCPP-1 and DBDCPP-3 (I ¼ 6.00 eV) and the lowest
ionization potential was for the DBCPP molecule (I ¼ 5.92 eV). The
electron affinity value is higher for the DBDCPP-1 molecule (A¼ 2.23 eV)
and lower for the DBFPP-2 molecule (A ¼ 1.99 eV). As per the HSAB
concept, the idea of the hard and soft nature of molecules is viewed as a



Fig. 2. UV–Vis spectra of the DBDCPP-3.

Fig. 3. Theoretical and experimental IR spectra of the DBDCPP-3 molecule.
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significant strategy for the evaluation of molecules' reactivity. Concern-
ing to global softness, the soft molecules were DBDCPP-1 and DBDCPP-2
with a global softness value of 0.53 eV-1. The absolute hardness was
higher for the DBFPP-2 molecule (η ¼ 1.97 eV). The simplicity of
expulsion of an electron is constrained by its chemical potential (Pi), and
it is moreover related to its electronegativity. A molecule's propensity to
lose an electron increases with an increase in chemical potential value.
The higher value of the global electrophilicity index defines a good
electrophile, and its lower value suggests a good nucleophile. Our study
on global reactivity parameters indicated that the DBDCPP-1 molecule
has a higher global electrophilicity index value (ω ¼ 4.49 eV), so the
electron-accepting ability of this molecule is greater and would undergo
nucleophilic attacks at a faster rate as well. The DBFPP-2molecule, on the
other hand, has a lower global electrophilicity value (ω ¼ 3.98 eV),
therefore, comparatively, it is a poor electrophile.

2.2.3. UV–visible absorption studies
The absorption wavelengths (λ in nm), oscillator strength (ƒ), and

configurations of DBDCPP-3 were computed using the TD-DFT method
and CAM-B3LYP functional with a 6-31G(d,p) basis set for the optimized
structure of DBDCPP-3. The electronic absorption data are presented in
Table 5. Fig. 2 portrays the theoretical and experimental UV–Vis spectra
of the DBDCPP-3. The experimental UV–Vis spectrum was taken in DCM
solvent and the theoretical UV–Vis analysis was simulated in the gas
phase and DCM. The theoretical and experimental UV–Vis data were
compared to assign the absorption bands. The theoretical UV–Vis spectral
investigation was performed up to two singlet excited states for both gas
phase and DCM. We found an ideal correlation between the theoretical
and experimental results. The gas phase UV–Vis simulation was observed
at 360.27 and 296.00 nm for the first and second singlet excited states
respectively. Then again, the computations in the DCM were found at
347.49 and 306.65 nm for the first and second singlet excited states
respectively. This perception predicts that a hypsochromic shift was
observed for the first excited state and a bathochromic for the second
excited state. The experimental UV–Vis results in DCM were found at
334.20 and 295.77 nm for the n-π* and π-π* electronic excitations
respectively. This outcome unmistakably matched with the theoretical
simulations. For the n-π* electronic excitation ground state was found to
be more polar than excited state and therefore in DCM solvent hyp-
sochromic shift was observed. On the contrary, the excited state was
observed to be more polar than a ground state for π-π* electronic exci-
tation and thus showed a bathochromic shift in DCM solvent. The gas
phase excitation was to be composed of four configurations in both first
and second singlet excited states and three configurations are obtained
for the electronic excitations in DCM.

2.2.4. Vibrational analysis
In Fig. 3, the theoretical and experimental IR spectra of the DBDCPP-3

molecule are presented. The comparison of selected experimental and
scaled theoretical vibrational bands of the DBDCPP-3 molecule is pre-
sented in Table 6. Different sorts of functionality present in the DBDCPP-
3 molecule were assigned to the various absorption bands. In order to
assign a specific bond to a specific IR value, various vibrational bands
were theoretically and experimentally correlated. The stretching vibra-
tions of sp3-C-H were found at approximately at 2900-3000 cm�1. The
Table 5
Absorption wavelengths (λ in nm), oscillator strength (ƒ), and configurations of DBD

State Gas Phase

Configuration λ, (nm) Oscillator strength (ƒ)

1 83 -> 87 83 -> 89 83 -> 92 85 -> 87 360.27 0.0001
2 83 -> 87

85 -> 87
86 -> 87
86 -> 89

296.00 0.6406

5

vibrational band below 1700 cm�1 apparently demonstrated the pres-
ence of a carbonyl group of conjugated ketones. At 1668.43 cm�1, the IR
frequency of a carbonyl group was noticed. The conjugative effect on the
ketone carbonyl caused a significant decrease in carbonyl frequency.
With amplitude of 127.86 km mol�1, the scaled carbonyl vibrational
band was observed at 1674.27 cm�1. This demonstrated a very strong
agreement between experimental and theoretical carbonyl frequency. At
almost 1620 cm�1, the conjugated olefin bond showed a stretching band.
At 1606.85 cm�1, the scaled vibrational band was obtained. The
DBDCPP-3 molecule was found to show olefinic C––C stretching fre-
quency at 1614.42 cm�1 that suggested the vibrational frequencies were
found in good accordance with each other. For the structural parts of the
title compounds, vibrational bands such as stretching, deformation, in-
plane bending, out of plane bending, scissoring were assigned. The
experimental vibrational data have shown a strong correlation with the
CPP-3 computed using TD-DFT CAM-B3LYP/6-31G(d,p) level of theory.

DCM

Configuration λ, (nm) Oscillator strength (ƒ)

82 -> 87 82 -> 89 82 -> 92 347.49 (334.20) 0.0004
85 -> 87
86 -> 87
86 -> 89

306.65 (295.77) 0.0004



Table 6
Comparison between selected experimental and scaled theoretical vibrational
assignments of DBDCPP-3 molecule calculated using DFT method with B3LYP/6-

31G(d,p) level of theory.

Mode Computed
frequencies
(cm�1)

IR Intensity
(km.mol�1)

Observed
frequencies
(cm�1)

Assignments

87 2999.04 40.93 2976.16 ν C21–H
86 2888.77 50.46 2881.65 ν sym C24–H2

84 1674.27 127.86 1668.43 ν C
–

–O
83 1606.85 160.35 1614.42 ν C6¼C8

(olefin)
79 1497.02 28.91 1504.48 ν C1¼C29 þ v

C2¼C3
76 1449.95 3.41 1429.25 scis C24–H2 þ

scis C27–H2

68 1287.27 350.85 1284.59 β C6–H
61 1183.49 47.29 1172.72 β Ar–H (ring B)
52 1057.81 29.78 1053.13 def ring A þ def

ring B
51 1012.35 53.38 996.34 β C14–H
44 871.13 0.11 883.40 γ C5–H
39 761.01 15.10 775.38 def ring A þ def

ring B þ
def ring C

Note: ν -stretching; sym-symmetric; def-deformation; β-in-plane bending; γ-out
of plane bending; scis - scissoring.

Table 7
Antibacterial activity of the synthesized chalcone derivatives.

Sr. No. Entry E. coli P. vulgaris S. aureus B. subtilis

1 DBFPP-1 þþþ ¡ ¡ þþþ
2 DBFPP-2 ¡ þþ ¡ þþ
3 DBDCPP-1 ¡ ¡ ¡ ¡
4 DBDCPP-2 ¡ ¡ ¡ ¡
5 DBDCPP-3 þþ þþ þþþ þþ
6 DBCPP þþ þþþ þþ þþ
Control DMSO ¡ ¡ ¡ ¡
Standard Chloramphenicol þþþþ þþþþ þþþþ þþþþ

Note: þ ¼ less than 5 mm; þþ ¼ 5–10 mm; þþþ ¼ 10–15 mm; þþþþ ¼ more
than 15 mm; � ¼ No zone of inhibition.
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simulated vibrational data, which led to the accurate assignment of the
vibrational bands to different types of functionality present in the
DBDCPP-3 molecule.

2.3. Antibacterial study

During antibacterial screening for chalcone compounds (3a–3f),
Gram positive bacteria (Bacillus subtilis and Staphylococcus aureus) and
Gram negative bacteria (Escherichia coli and Proteus vulgaris) were used.
The well-known agar diffusion assay is used to access the antibacterial
activities of the synthesized compounds. The synthesized chalcone
compounds showed promising antibacterial activity against used strains;
particularly the compounds DBFPP-1, DBFPP-2, DBDCPP-3 and DBCPP
have shown better antimicrobial activity. For antibacterial activity
screening, chloramphenicol was used as a standard drug candidate and
DMSO as a control. The result of antibacterial screening is tabulated in
Table 7. The aim of this antibacterial analysis was to examine how chloro
and fluoro substituents in ring C influence the antibacterial activity of the
synthesized chalcone compounds. It has been reported in the past that
the LUMO energies can be used to predict the antibacterial activities of
the molecules. Molecules with less negative LUMO energy are often
resulting in higher biological activity than molecules with more negative
LUMO energy, [37,39]. On the basis of DFT calculations, one can predict
6

the LUMO energies of the molecules and consequently can foresee its
effect on the antibacterial activities of the molecules. The compounds
DBDCPP-1 and DBDCPP-2 are having LUMO energies �2.23 eV and
�2.22 eV respectively (Table 3). These two compounds, as anticipated,
showed no antibacterial activity as their LUMO energies are more
negative. Similarly, there is a great connection between antibacterial
activity and global softness values. Molecules with high global softness
values were unable to penetrate the bacterial cell wall, making them
biologically ineffective. Both DBDCPP-1 and DBDCPP-2 have a higher
global softness value (ω ¼ 0.53 eV). The other four molecules have lower
global softness values than these two, suggesting that they are more
powerful antibacterial agents. The presence of the fluoro substituent in
ring C has a moderate effect on the stimulation of antibacterial action,
according to the antibacterial evaluation of the synthesized compounds.
The compounds DBFPP-1 and DBFPP-2 are found to exhibit a moderate
antibacterial effect. The compound DBFPP-1 has shown antibacterial
action against Gram negative bacteria Escherichia coli and Gram positive
bacteria Bacillus subtilis. The compound DBFPP-2, on the other hand, was
shown to have antibacterial activity against both Gram negative and
Gram positive bacteria, namely Proteus vulgaris and Staphylococcus aureus.
Nonetheless, it is worth noting, that both of these chalcone compounds
have antibacterial functions against Gram positive as well as Gram
negative bacteria. The structure-activity relationship revealed here that
the presence of a chloro substituent at the ortho position of the aryl ring
(ring C) was designed to boost antibacterial activity against all tested
bacterial strains. On the contrary, the C-4 and C-3 positions of chloro
substituent attributed to diminishing antibacterial activity against the
tested Gram positive and Gram negative bacterial strains. The combi-
nation of C-2 position with C-3 and C-4 positions for chloro substituent
was found to show negative antibacterial potential. In this research, it
was established that when the chloro substituent is present at both ortho
positions (C-2 and C-6), the antibacterial propensity increases signifi-
cantly. The compounds DBDCPP-1 and DBDCPP-2 were found to have no
biological impact on microbial strains that were tested. The compounds
DBDCPP-3 and DBDCPP have bactericidal activity across a wide range of
bacteria. The compounds DBDCPP-3 and DBDCPP have shown bacteri-
cidal effects against both Gram positive and Gram negative bacterial
strains. The compound DBDCPP-3 was found to exhibit strong bacterial
action against Gram positive bacteria Staphylococcus aureus and on the
other hand compound DBDCPPwas found to show strong bacterial action
against Gram negative bacteria Proteus vulgaris.

3. Conclusions

In conclusion, this work reports the synthesis, computational and
antibacterial studies of six chalcone derivatives derived from 1-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)ethan-1-one. The synthesized com-
pounds were obtained in good to excellent yields. The structures were
affirmed using FT-IR and NMR spectral analysis. The 1HNMR study
revealed a trans configuration for the olefinic double bond. The B3LYP
functional with 6–31G(d,p) basis set was used to perform DFT calcula-
tions for the optimization of molecular geometries and frequency
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calculations. For the electronic absorption studies, TD-DFT calculations
were performed using the CAM-B3LYP functional with the 6-31G(d,p)
basis set. The optimized structures uncovered DBFPP-2 molecule as
more polar molecule. The FMO analysis indicated the lower HOMO-
LUMO energy gap in DBDCPP-1 and the DBDCPP-2 molecules suggest-
ing inevitable electron transfer with maximum electronic charge. The
correlation between theoretical and experimental UV–Vis results was
found to be ideal and correct assignments of UV–Vis bands were ob-
tained. The UV–Vis spectral investigation of DBDCPP-3 revealed that the
first singlet excited state corresponds to the n-π* electronic transition and
the second to π-π* electronic transition. Additionally, a good correlation
between theoretical and experimental IR data was found. The scrutiny of
the antibacterial results uncovered that in fluorinated chalcones, the
compound bearing a 3-fluoro substituent was more active against chosen
bacterial strains than chalcone bearing 4-fluoro substituent. Likewise in
chlorinated chalcones chorine at the C-2 position showed strong activity
against both Gram positive and Gram negative bacteria and the anti-
bacterial potential was enhanced by the addition of another chlorine
atom at the C-6 position. We conclude that the present research on
computational and antibacterial examination of studied chalcone de-
rivatives would be extremely useful in the development of antibacterial
agents with fluoro and chloro substituents in the aryl portion of the
chalcone structure.

4. Materials and methods

4.1. General remarks

The chemicals (Make-SD fine chemicals and Avra synthesis) with high
purity were purchased from the Sigma laboratory, Nashik, and were
utilized accordingly. On the Shimadzu spectrometer, the FT-IR spectra of
the synthesized compounds were recorded using a KBr disc technique.
The NMR analysis was performed on advanced multinuclear FT-NMR
Spectrometer model. In chloroform-d, the compounds were dissolved.
Chemical shifts were recorded in ppm using tetramethylsilane (TMS) as
an internal standard. The reactions were analyzed using thin-layer
chromatography on a silica gel coated with fluorescent indicator F254
on the Merck Aluminium TLC plate. All the glass components were
cleaned and dried in the oven prior to use.

4.2. Experimental procedure

Equimolar combination of 1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)
ethan-1-one (1) and aromatic aldehydes (2) were added to an appro-
priate amount of ethanol taken in a 50 mL conical flask. To this, NaOH
(30%) was added and the resulting mixture was stirred for 2–3 h to get
the desired chalcones. Thin layer chromatography (n-hexane/EtOAc
[8:2]) was used continuously to monitor the completion of the reaction.
The alkaline reaction mass was neutralized by adding appropriate
amount of dilute HCl. The crude products were obtained after filtration
were dried and recrystallized using ethanol solvent. Using FT-IR, 1HNMR
and 13C NMR spectral techniques, the synthesized products (3a-3f) were
characterized. The reaction is presented in Scheme 1.

4.3. Spectral analysis

4.3.1. (E)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-(3-fluorophenyl)
prop-2-en-1-one (DBFPP-1 or 3a)

Yield- 86%; white solid, M.P.: 95 �C; FT-IR (KBr, cm�1): 3064.89,
2995.45, 2887.44, 1651.07, 1583.56, 1502.55, 1427.32, 1255.66,
1209.37, 1149.57, 1053.13, 979.84, 900.76, 879.54, 810.10, 734.88,
661.58, 582.50, 528.50, 464.84; 1H NMR (500 MHz, CDCl3, δ): 7.76 (d, J
¼ 15.6 Hz, 1H), 7.70–7.63 (m, 2H), 7.59 (d, J¼m, 2H), 7.47 (d, J¼ 15.6
Hz, 1H), 7.29–7.25 (m, 2H), 7.00–6.94 (m, 1H), 4.38–4.33 (m, 2H),
4.33–4.28 (m, 2H); 13C NMR (126 MHz, CDCl3, δ): 188.21, 150.44,
148.14, 143.51, 142.27, 133.67, 131.71, 129.79,122.73, 122.52,
7

121.41, 121.21, 119.36, 118.09, 117.40, 77.29, 77.04, 76.78, 64.75,
64.17.

4.3.2. (E)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-(4-fluorophenyl)
prop-2-en-1-one (DBFPP-2 or 3b)

Yield- 82%; white solid, M.P.: 101 �C; FT-IR (KBr, cm�1): 3088.03,
2922.16, 2843.07, 1685.79, 1579.70, 1419.61, 1253.73, 1149.57,
1055.06, 1012.63, 883.40, 808.17, 723.31, 671.23, 528.50, 457.13; 1H
NMR (500 MHz, CDCl3, δ): 7.74 (d, J ¼ 15.7 Hz, 1H), 7.62–7.57 (m, 2H),
7.49 (d, J ¼ 15.6 Hz, 1H), 7.43–7.36 (m, 2H), 7.36–7.30 (m, 1H),
7.15–7.05 (m, 1H), 6.97 (m, 1H), 4.37–4.33 (m, 2H), 4.33–4.29 (m, 2H);
13C NMR (126 MHz, CDCl3, δ): 188.23, 164.04, 162.08, 148.15, 143.52,
142.62, 137.35, 131.69, 130.52, 130.46, 124.51, 122.91, 122.75,
118.10, 117.40, 117.12, 114.52, 64.75, 64.16.

4.3.3. (E)-3-(2,4-dichlorophenyl)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)
prop-2-en-1-one (DBDCPP-1 or 3c)

Yield- 94%; faint yellow white solid, M.P.: 154 �C; FT-IR (KBr, cm�1):
2977.07, 1670.35, 1545.51, 1423.12, 1314.07, 1118.71, 1056.99,
893.04, 815.89, 667.31, 590.22, 466.52; 1H NMR (500 MHz, CDCl3, δ):
8.08 (d, J¼ 15.7 Hz, 1H), 7.67 (m, 1H), 7.61–7.54 (m, 2H), 7.47 (m, 1H),
7.43 (s, 1H), 7.30 (m, 1H), 6.96 (d, J ¼ 15.7 Hz, 1H), 4.38–4.32 (m, 2H),
4.31 (m, 2H); 13C NMR (126 MHz, CDCl3, δ): 188.10, 148.22, 143.54,
138.64, 136.28, 136.02, 132.04, 131.54, 130.13, 128.49, 127.53,
124.75, 122.84, 118.16, 117.40, 64.75, 64.16.

4.3.4. (E)-3-(2,3-dichlorophenyl)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)
prop-2-en-1-one (DBDCPP-2 or 3d)

Yield- 93%; faint yellow white solid, M.P.: 140 �C; FT-IR (KBr, cm�1):
2978.09, 2879.72, 1670.35, 1506.41, 1413.82, 1354.03, 1284.59,
1172.72, 1055.06, 960.55, 889.18, 783.10, 725.23, 626.87, 462.92,
422.41, 401.19; 1H NMR (500 MHz, CDCl3, δ): 8.14 (d, J ¼ 15.6 Hz, 1H),
7.63 (m, 1H), 7.60 (m, 1H), 7.58 (m, 1H), 7.50 (m, 1H), 7.43 (d, J¼ 15.6
Hz, 1H), 7.26 (m, 1H), 7.00–6.93 (m, 1H), 4.38–4.32 (m, 2H), 4.32–4.28
(m, 2H); 13C NMR (126 MHz, CDCl3, δ): 188.14, 148.25, 143.55, 139.81,
135.86, 134.07, 133.44, 131.48, 127.37, 125.89, 125.64, 122.88,
118.20, 117.41, 64.75, 64.16.

4.3.5. (E)-3-(2,6-dichlorophenyl)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)
prop-2-en-1-one (DBDCPP-3 or 3e)

Yield- 95%; white solid, M.P.: 129 �C; FT-IR (KBr, cm�1): 2976.16,
2881.65, 1668.43, 1614.42, 1504.48, 1429.25, 1284.59, 1172.72,
1053.13, 966.34, 883.40, 775.38, 729.09, 468.70; 1H NMR (500 MHz,
CDCl3, δ): 7.83 (d, J ¼ 16.1 Hz, 1H), 7.65 (s, 1H), 7.62–7.56 (m, 2H),
7.38 (d, J¼ 8.1 Hz, 2H), 7.20 (t, J¼ 8.1 Hz, 1H), 6.96 (d, J¼ 8.1 Hz, 1H),
4.36–4.32 (m, 2H), 4.32–4.28 (m, 2H); 13C NMR (126 MHz, CDCl3, δ):
188.29, 148.25, 143.51, 137.16, 135.19, 132.81, 131.48, 130.27,
129.73, 128.85, 123.00, 118.28, 117.42, 64.75, 64.14.

4.3.6. (E)-3-(2-chlorophenyl)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)
prop-2-en-1-one (DBCPP or 3f)

Yield- 92%; pale yellow solid, M.P.: 160 �C; FT-IR (KBr, cm�1):
2975.66, 1671.85, 1605.49, 1429.25, 1371.39, 1278.81, 1201.65,
1118.71, 962.34, 831.32, 781.17, 725.23, 665.44, 526.47, 470.63; 1H
NMR (500 MHz, CDCl3, δ): 8.16 (d, J ¼ 15.7 Hz, 1H), 7.77–7.71 (m, 1H),
7.63–7.56 (m, 2H), 7.49–7.42 (m, 2H), 7.35–7.29 (m, 2H), 6.96 (d, J ¼
8.2 Hz, 1H), 4.37–4.28 (m, 4H); 13C NMR (126 MHz, CDCl3, δ): 188.42,
148.09, 143.49, 139.91, 135.43, 133.42, 131.67, 131.00, 130.28,
127.76, 127.04, 124.50, 122.82, 118.16, 117.34, 64.72, 64.14.

4.4. Computational methods

The geometry optimization of the studied chalcones were done using
DFT method with B3LYP (Becke three parameter Lee–Yang–Parr)
exchange-correlation functional with a 6-31G(d,p) basis set. The fre-
quency calculation was done using optimized structures with B3LYP
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functional and 6-31G(d,p) basis set. The vibrational wavenumbers were
scaled by using a scaling factor of 0.96 [27]. The simulated electronic
absorption spectra were computed both in gas phase and DCM. The
electronic configurations, oscillator strengths, coefficients and excited
state energies were also explored using TD-DFT method and
CAM-B3LYP/6-31G(d,p) computations. The energy values, ionization
potential, electron affinity, electronegativity, chemical hardness and
softness, global electrophilicity, and chemical potential were calculated
by using highest occupied molecular orbital and lowest unoccupied
molecular orbital. All calculations were performed using the Gaussian 03
package [43].

4.5. Antimicrobial evaluation

The Agar diffusion assay (Disc diffusion method, Disc size 6 mm) was
used access the antimicrobial activities [44,45]. Concentration of com-
pounds stock solution [1000 μg per mL] of each compound was prepared
in distilled water. Assay carried out by taking concentration 100
microrgram per disk. Microbiological media used for bacteria is Nutrient
agar (Hi-media); composition (gL�1): sodium chloride, 5.0; beef extract
10.0; peptone 10.0 (pH 7.2). Microbiological media for fungi is potato
dextrose agar (all ingredients of Hi media); composition (gL-1): potatoes
infusion, 200; dextrose, 20; Agar, 15; final pH (at 25 �C) 5.6 � 0.2.
Chloramphenicol was used as a standard for antibacterial evaluation and
Amphotericin-B for antifungal screening. Antibacterial screening was
performed against Escherichia coli (NCIM 2109), Proteus vulgaris (NCIM
2172), Staphylococcus aureus (NCIM 2079), and Bacillus subtilis (NCIM
2063) [where NCIM: National Collection of Industrial Microorganisms,
National Chemical Laboratory (NCL), Pune, India].
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