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a b s t r a c t

The novel N-(4-bromobenzylidene)-2,3-dihydrobenzo[b][1,4]dioxin-6-amine compound is designed and
subjected to structural studies, inhibition of sPLA2, and molecular docking. The compound was syn-
thesized by condensation of 1,4-benzodioxan-6-amine and 4-bromobenzaldehyde and characterized by
various spectral techniques. Single crystal X-ray diffraction analysis confirmed the 3D molecular struc-
ture and established the different intermolecular interactions responsible for the crystal structure sta-
bility. Further synthesized compound was evaluated for anti-inflammatory activity using sPLA2
inhibition by indirect hemolytic assay. The compound showed good inhibition against sPLA2 enzyme
compared with standard diclofenac, which is validated by molecular docking with a �7.60 kcal/mol
docking score.

© 2020 Published by Elsevier B.V.
1. Introduction

Phospholipase A2 (PLA2) is a phospholipases class which hy-
drolyze phospholipids, produces lysophospholipids and proin-
flammatory oxidized free fatty acids such as arachidonic acid (AA).
When arachidonic acid released cyclooxygenases (COX-1 and COX-
2), lipoxygenase (LOX) and forms eicosanoids, prostaglandins, and
leukotrienes. PLA2 plays a vital role in the inflammation process [1].
The different types of PLA2 involve in various lipid signalling and
inflammatory diseases [1]. These PLA2 enzymes are involved in
rheumatoid arthritis, lung inflammation, multiple sclerosis, car-
diovascular diseases, and atherosclerosis [2e4]. Regarding the
development of potent and selective inhibitors, none of them have
entered the market until now. Thus, there is a great interest in
hree), drmallu66@gmail.com
developing potent and selective PLA2 inhibitors, and some of them
have entered clinical trials [5]. In particular, inhibitors of the PLA2
enzymes are potential new agents for the treatment of various
inflammatory diseases. GIVA cPLA2 inhibitors are in the initial stage
of rheumatoid arthritis in clinical studies, while inhibitors of GVIA
iPLA2 are in the preclinical phase [6]. Apart from that, there are
some novel selective inhibitors of sPLa2 are GK264, KH064,
AZD2716, and indole-based inhibitors for example, varespladib,
varespladib methyl, sPLA2-X inhibitor 1, 31, [7e10] are given in
Fig. 1.

Compounds containing 1,4-benzodioxane moiety gained sig-
nificant attention in medicinal and pharmaceutical applications
due to various biological activities like anti-inflammatory [11,12],
analgesic [13], antimicrobial [14,15], anticonvulsant [16], antitu-
bercular [17], anticancer [18], antioxidant [19] and so forth. There
are many structural scaffolds found in a variety of drugs. In view of
these findings, we have attempted to synthesis a new 1,4-
benzodioxane containing Schiff base compound for selective inhi-
bition of PLA2 enzyme, and the structure was confirmed by a single
X-ray diffractometer. From the in-silico method, inhibition of the
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Fig. 1. Some of selective sPLA2 inhibitors.
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PLA2 enzyme was confirmed and correlated with an in-vitro
method.
2. Experimental

2.1. Materials and methods

All solvents and reagents were purchased from Merck and
Sigma Aldrich Chemicals. The elemental analyses were obtained
from PerkinElmer 2400 elemental analyzer. The FT-IR spectrum
was recorded on Jasco FT-IR 4100 infrared spectrophotometer using
KBr discs. LC/MSD Trap XCT obtained mass spectral data. The 1H
NMR spectra were recorded using Bruker DRX 400 spectrometer
using DMSO‑d6 as solvent at 400 MHz and TMS as the internal
standard.
2.2. Chemistry

Synthesis of N-(4-bromobenzylidene)-2,3-dihydrobenzo[b]
[1,4]dioxin-6-amine

Equimolar concentrations of 4-bromo benzaldehyde (0.1403 g)
and 1, 4-benzodioxan-6-amine (0.1147 g) was dissolved in meth-
anol and allowed to stir for about 8e10 h at room temperature, and
a catalytic amount of concentrated sulfuric acid was added. The
forward of the reaction was examined by thin-layer chromatog-
raphy (TLC). After the reaction completion, the solvent and the
Scheme 1. Synthetic route
product were separated in the vacuum pump and crystallized from
methanol. Synthesis of 1,4-benzodioxan-6-amineSchiff bases is
outlined in Scheme 1

FT-IR (KBr, cm�1) n: 3036 (AreH), 1632 (CH]N), 1510 (C]C),
552 (CeBr), 1118 (CeN), 1123 (CeO). 1H NMR d ppm: 8.39 (CH]N, s,
1H), 7.51 (Aromatic-H, d, 2H), 7.46 (Aromatic-H, d, 2H), 6.70 (Aro-
matic-H, d, 2H), 6.70 (Aromatic-H, s, 1H), 4.36 (CH2, t, 4H). MS (ESI)
m/z: 318.17. Anal.calcd. for C15H12BrNO2 (in %): C-56.62, H-3.80, N-
4.40. Found: C-56.75, H-3.92, N-4.65.
2.3. X-ray structure determination

Suitable brown colored rectangle-shaped single crystal of title
compound was selected for data collection. X-ray intensity data
were collected using RigakuXtaLAB mini CCD diffractometer with
X-ray generator operating at 50 kV and 12 mA, Mo-Ka
(l ¼ 0.71073 Å) radiation source, keeping the scan width of 0.5�,
exposure time of 3 s, the sample to detector distance of 50 mm. A
complete data set was processed using CRYSTALCLEAR [20]. The
structures were solved using SHELXS structure solution program by
direct methods and refined with the SHELXL [21] refinement
package using least-squares minimization. The geometrical calcu-
lations were carried out using PLATON [22], and the diagrams were
generated using MERCURY [23]. The crystal data and the structure
refinement details for N-(4-bromobenzylidene)-2,3-dihydrobenzo
[b] [1,4]dioxin-6-amine are given in Table 1.
of the title compound.



Table 1
Crystal data and structure refinement details.

Parameters Data

CCDC deposit No. 1895716
Empirical formula C15H12BrNO2

Formula weight 318.16
Temperature (K) 293
Wavelength (Å) 0.71073
Crystal system, space group Triclinic, P1
Unit cell dimensions
a 8.177(4) Å
b 8.377(4) Å
c 10.960(5) Å
a 72.899(8)�

b 69.480(8)
g 89.743(7)
Volume Å3 667.9(6)
Z 2
Density(calculated) (Mg m�3) 1.582
Absorption coefficient (mm�1) 3.074
F000 320
q range for data collection 3.49�e27.48�

Index ranges �10 � h � 8
�10 � k � 10
�14 � l � 13

Reflections collected 3615
Independent reflections 2865 [Rint ¼ 0.0249]
Absorption correction Multi-scan
Refinement method Full matrix least-squares on F2

Data/restraints/parameters 2865/0/173
Goodness-of-fit on F2 1.016
Final [I > 2s(I)] R1 ¼ 0.0582, wR2 ¼ 0.1373
R indices (all data) R1 ¼ 0.1040, wR2 ¼ 0.1610
Extinction coefficient 0.011(3)
Largest diff. peak and hole 0.520 and �0.454 eÅ�3
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2.4. Hirshfeld surface analysis

Hirshfeld surface analysis was carried out using Crystal Explorer
3.1 [24] to analyze intermolecular interactions, such as hydrogen
bonds and the weaker CeH...p and p...p interaction. Three-
dimensional dnorm pictures of title compound are generated
where identical colored regions characterize the close intermo-
lecular contacts. The quantities de and di describe the distance from
the nearest atoms outside and inside to the Hirshfeld surface,
respectively. The close intermolecular contacts are summarized in a
fingerprint plot.
2.5. Anti-inflammatory activity

The protein concentration in the venom was calculated, using
bovine serum albumin (BSA) fraction (0e75 mg). A semi-
quantitative indirect haemolytic assay was employed by a previ-
ous report [12]. Briefly, egg yolk packed human erythrocytes, and
phosphate buffer saline was mixed (1:1:8 V/V). This suspension
(1 mL) was incubated with 60 mg enzyme for 10 min at 37 �C. The
amount of haemoglobin released in the supernatant was measured
at 540 nm. The assay was also carried out in the concentrations
range (0e200 mg/mL) of the synthesized compound. The lysis of
erythrocytes by adding 9 mL of phosphate buffer saline to the test
tube containing enzyme and inhibitor without the compound was
taken as 100%.
2.6. In-silico studies: molecular docking

The molecular docking analysis was carried out by using MGL
tools 1.5.6 to understand the interactions of the synthesized ligand
toward target PLA2 protein, [25,26] with AutoDock Vina [27]. The
three-dimensional Crystallographic structures of Daboiarusselii
Type IIA secretory phospholipase A2 (PLA2) complex with diclo-
fenac (PDB ID: 2B17) were retrieved in pdb format from the Protein
Data Bank. The protein was freed from inbound ligand (diclofenac)
by Discovery Studio 2019 Client visualizer. Then the addition of polar
hydrogen atoms to the protein and ligand preparation was
employed by the AutoDock Tools (ADT). The grid box was selected
for proteins centered at the crystal structure with the size at 51.468,
35.07, 0.01, for X, Y, Z respectively. Molecular docking simulations
were performed with AutoDock Vina implemented through the
shell script provided by developers [28]. The binding affinity of
ligand was observed by kcal/mole as a unit for a negative score.
Biovia Discovery Studio software was utilized for the visualization
and interpretation of the obtained docking results of PLA2 ligand
interaction.
3. Results and discussion

3.1. Chemistry

The chemical structure of the synthesized compound is shown
in the scheme. Different spectral studies confirmed the synthesized
compound. Theoretically calculated values and experimentally
determined values of elemental analysis lies within ± 0.4%.

The FT-IR spectrum was recorded using KBr pellets in the range
of 4000 - 400 cm�1. The absence of NH2, C]O, and presence of
eCH]N- absorption bands in the IR spectra confirmed the for-
mation of new compounds. The aromatic CeH stretching vibrations
appear around 3036 cm�1 in the synthesized compound. The
azomethine (C]N) stretching vibrations appear around 1632 cm�1

as medium or strong absorption bands in the synthesized com-
pound. The strong bands at 552 cm�1 assigned to the CeBr stretch.
The proton spectral data of the key intermediate, compound shows
resonance at d 5.61 ppm (s, 2H, eNH2). But in the spectra of the
synthesized compound, the azomethine proton eCH]N- showed
the resonance at d 8.39 ppm, which confirmed the identity of the
product. The mass spectra of the synthesized compounds showed a
molecular ion peak atm/z 317.0043, which is in agreement with the
molecular formula C15H12BrNO2 (Fig. 2).
3.2. Single crystal X-ray diffraction

Molecular structure of the N-(4-bromobenzylidene)-2,3-
dihydrobenzo[b] [1,4]dioxin-6-amine is investigated by single-
crystal X-ray diffraction method. The X-ray structural analysis
revealed that the synthesized compound crystallized in centro-
symmetric space group P1 with two molecules per unit cell. The
ORTEP diagram with the numbering scheme of the title compound
is shown in Fig. 3a. The molecule is non linear and it is observed
that nitrogen atom (N1) of the Schiff base moiety is slightly twisted
about torsion angle of 163.02� (C7eN1eC8eC13) which leads to the
non-planarity between bromobenzene and benzodioxanemoieties,
which is evidenced by the 16.83� dihedral angle between the
planes BreC1eC2eC3eC4eC5eC6eC7 and
C8eC9eC10eC11eC12eC13eO1eO2 Fig. 3b. The valence angles of
bromobenzene ring range 117.66e121.66� and the same of a



Fig. 2. Mass spectra of compound 3.
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Fig. 3. (a) ORTEP diagram with thermal ellipsoids are drawn at 50% probability. and (b) Non-linearity representation of the title compound.

Table 2
Selected bond lengths (Å) and bond angles (�) of the synthesized compound.

Bond lengths (Å) Bond angles (�)

Atoms Length Atoms Length Atoms Angle Atoms Angle

BreC1 1.908(5) C4eC5 1.386(7) C11eO1eC15 112.2(4) N1eC8eC9 124.6(4)
O1eC11 1.374(6) C4eC7 1.456(7) C10eO2eC14 115.4(4) N1eC8eC13 117.3(4)
O1eC15 1.417(7) C5eC6 1.383(8) C7eN1eC8 122.4(4) C9eC8eC13 118.0(4)
O2eC10 1.379(6) C8eC9 1.390(7) BreC1eC2 119.9(4) C8eC9eC10 120.7(4)
O2eC14 1.415(7) C8eC13 1.380(7) BreC1eC6 118.6(4) O2eC10eC9 117.6(4)
N1eC7 1.249(7) C9eC10 1.369(7) C2eC1eC6 121.5(5) O2eC10eC11 121.6(4)
N1eC8 1.416(6) C10eC11 1.374(6) C1eC2eC3 119.0(5) C9eC10eC11 120.8(5)
C1eC2 1.364(8) C11eC12 1.381(7) C2eC3eC4 121.7(5) O1eC11eC10 122.4(4)
C1eC6 1.356(8) C12eC13 1.370(7) C4eC5eC6 120.5(5) C8eC13eC12 121.2(5)
C2eC3 1.368(8) C14eC15 1.440(9) C1eC6eC5 119.7(5) O2eC14eC15 112.5(5)
C3eC4 1.391(7) N1eC7eC4 123.7(5) O1eC15eC14 114.5(5)
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benzene ring attached to the dioxane range from 118.00 to 121.24�

but the C14 and C15 atoms of dioxane ring deviate by 0.221 and
0.402 Å respectively, from the benzodioxane least-square plane.
The inter-ring (1.368e1.39 Å) and C]N (1.249 Å) distances are
compared well with values observed for bromobenzene Schiff base
derivatives [29]. Bond lengths, bond angles, and torsion angles are
given in Tables 2e4, respectively.

The molecular structure of the title compound is stabilized by
several intermolecular interactions such as inter and intra-
molecular hydrogen bond interaction, CeH...p, and p... p in-
teractions. Intermolecular hydrogen bond interaction H11A...Br
with a donor-acceptor distance of 2.88 Å respectively, where D e

H...A angle is 171� and the symmetry code is �2þx,-1þy,1þz
combines the four adjacent molecules to form supramolecular
synthon R4

4(16) (Fig. 4). Along with this interaction, C2 of
bromobenzene ring interacts with O2 of dioxane through its
hydrogen (H7) atom with a donor-acceptor distance of 2.71 Å,
which leads to the formation of supramolecular synthon R2

2(20)
(Fig. 4) along a and c axis. Interestingly, these two interactions join
together to promote the molecules to diagonally arranged rhom-
boidal chain packing along the crystallographic bc plane. In addi-
tion to these interactions, C14 atom is involved in an intermolecular
interactionwith the p system of dioxane attached benzene ring C8/
C9/C10/C11/C12/C3 (C14eH14B…..Cg3, where Cg3 is the centroid of
the ring, with a symmetry code -1-x,-y,2-z having CeCg distance of
3.649(5) Å, CeH…Cg angle of 165�) of benzodioxane moiety, which
is shown in the Fig. 4a. benzodioxanemoiety plays a significant role
in crystal packing via its intermolecular p….p stacking. The
centroid of dioxane ring interacts with the same benzene ring of an
adjacent molecule with Cg...Cg distance of 4.09 Å and the dihedral



Table 3
Torsion angles (�) of the synthesized compound.

Atoms Angle Atoms Angle

C15eO1eC11eC10 16.6(6) C3eC4eC7eN1 �174.0(5)
C15eO1eC11eC12 �163.8(5) C5eC4eC7eN1 4.9(8)
C11eO1eC15eC14 �44.3(6) C4eC5eC6eC1 0.3(9)
C14eO2eC10eC9 �171.6(4) N1eC8eC9eC10 �178.5(4)
C14eO2eC10eC11 8.3(6) C13eC8eC9eC10 �0.5(7)
C10eO2eC14eC15 �35.1(6) N1eC8eC13eC12 179.3(4)
C8eN1eC7eC4 176.8(4) C9eC8eC13eC12 1.2(7)
C7eN1eC8eC9 �19.0(7) C8eC9eC10eO2 179.0(4)
C7eN1eC8eC13 163.1(5) C8eC9eC10eC11 �0.9(7)
BreC1eC2eC3 �179.5(4) O2eC10eC11eO1 1.5(6)
C6eC1eC2eC3 1.7(8) O2eC10eC11eC12 �178.2(4)
BreC1eC6eC5 179.8(4) C9eC10eC11eO1 �178.6(4)
C2eC1eC6eC5 �1.4(9) C9eC10eC11eC12 1.7(7)
C1eC2eC3eC4 �1.0(8) O1eC11eC12eC13 179.3(4)
C2eC3eC4eC5 �0.1(7) C10eC11eC12eC13 �1.0(7)
C2eC3eC4eC7 178.9(5) C11eC12eC13eC8 �0.4(8)
C3eC4eC5eC6 0.4(8) O2eC14eC15eO1 54.9(7)
C7eC4eC5eC6 �178.6(5)
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angle between planes of 15.12� (Fig. 5b).
3.3. Hirshfeld surface analysis

Three-dimensional Hirshfeld surfaces of the synthesized com-
pound mapped on dnorm is shown in Fig. 6. Two dark red circular
spots on the Hirshfeld surface evidence the hydrogen bonding
interaction of type C15eH11A...Br. A relatively big red circle on the
Table 4
Docking results of synthesized compound and diclofenac.

Compound Enzyme’s binding site residue

Synthesized compound Leu2
Phe5
Cys45
Yyr28
Ala18
Ile19

Diclofenac Asp49
His48
Cys45
Cys29
Gly30
Phe5
Leu2
Ala18
Ile19

Fig. 4. Supramolecular synthons of the synthesized compound form
Hirshfeld surfaces mapped on de and shape index illustrate the
CeH...pi interaction type C14eH14B…..Cg3 (Fig. 6b). H/H in-
teractions (39.3%) appear in themiddle of scattered points in the 2D
fingerprint plot have a significant contribution to the total Hirshfeld
surfaces. Br/H interactions viewed as sharp wings in the upper
and lower corner of the 2D fingerprint plot comprised of 15.8%,
C/H/H/C interactions appear as two broad spikes in the lower
middle of the 2D fingerprint plot (14.9%) and H/O/H/O inter-
molecular interactions which are reflected by the two sharp spikes
in the middle of the 2D fingerprint plot comprised of 12.3% have
relatively significant contribute onto the total Hirshfeld surfaces.
Apart from these interactions, some minor interactions are also
observed, which are seen in Fig. 7.
3.4. Biology

3.4.1. In-vitro PLA2 assay
PLA2 is an enzyme that catalyzes the release of free fatty acids,

and it exhibits high specificity for membrane phospholipids con-
taining arachidonic acid (AA). PLA2 is the primary AA provider for
the cyclooxygenase (COX) and lipoxygenase (LOX) pathways and
inflammatory mediators like eicosanoids or platelet-activating
factor (PAF) to activate the inflammation pathway. PLA2 is the
main component of the production eicosanoids, which are reasons
for the various inflammatory diseases [30]. In the present work, the
synthesized compound as an active anti-inflammatory molecule
inhibits by the PLA2 enzyme. The extent inhibition of synthesized
compound was studied by the dose dependent manner as a result,
it showed up to 83% against sPLA2 shown in Fig. 8. The IC50 value of
Bond distance (Å) Binding energy (Kcal/mol)

4.29 �7.60
4.77
5.83
3.74
4.43
5.10
4.47 �7.80
2.44
5.01
5.89
2.36
4.83 & 4.90
3.69 & 4.45
5.03 &3.65
5.27

ed by intermolecular interactions between adjacent molecules.



Fig. 5. (a) CeH...Cg and Cg...Cg interactions between adjacent molecules of the synthesized compound.

Fig. 6. 3D Hirshfeld surfaces mapped on (a) dnorm, (b) de and (c) shape index.
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Fig. 7. 2D fingerprint plots of the synthesized compound.
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the compound is 79 mg against the enzyme sPLA2 as compared to
that of the standard drug diclofenac, having inhibitory action at
68 mg. The synthesized compound exhibited significant action
against sPLA2 activity due to the presence of benzodioxane ring and
which is validated on molecular docking.

3.5. Molecular docking

To predict the molecular interactions of the synthesized com-
pounds with the PLA2 enzyme, molecular docking studies were
Fig. 8. Dose dependent inhibition of sPLA2 by synthesized compound.
performed by MGL tools 1.5.6 with AutoDock Vina software. Mo-
lecular docking analysis revealed that synthesized compound had
good binding affinity compared with the standard drug diclofenac.
The binding affinity of the synthesized compound is �7.6 kcal/mol,
and for diclofenac is �7.8 kcal/mol. Docking of the synthesized
compounds with PLA2 binding site showed that excellent fitted
with the receptor and interacted with Leu2, Phe5, Cys45, Tyr28,
Ala18 and Ile19 amino acids and discussed in the Table 3 (Fig. 9).
Whereas, diclofenac interacted with amino acids such as Asp49,
His48, Cys45, Cys29, Gly30, Phe5, Leu2, Ala18 and Ile19 (Fig. 10).

4. Conclusion

In view of the significance of benzodioxane N-(4-
bromobenzylidene)-2,3-dihydrobenzo[b][1,4]dioxin-6-amine
compound was synthesized and characterized by various spectro-
scopic techniques. Further, the single-crystal structure was
confirmed by the X-ray diffraction method. Intermolecular in-
teractions responsible for the structural stability and formation of
supramolecular synthons R2

2(20) and R4
4(16) are established.

Hirshfeld surface analysis revealed that the H/H interactions
(39.3%) contributes majorly to the total Hirshfeld surface. The
synthesized compound evaluated for the PLA2 inhibition activity
and validated with molecular docking.
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Fig. 9. 3D surface interaction of PLA2-Ligand complex (a), enlarged view of 3D surface pocket, and molecular interactions with active site amino acids in PLA2 (c).
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Fig. 10. 3D surface interaction of PLA2-Diclofenac complex (a), enlarged view of 3D surface pocket, and molecular interactions with active site amino acids in PLA2 (c).
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