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Summary: N-(2-bromo-4-nitrophenyl)-3-methoxy-4-oxo-3,4-dihydro-2H-benzo[e][1,2]thiazine-3-
carboxamide-1,1-dioxide was synthesized in three step process with 86 % overall yield. The final 
structure of compound was evaluated by using spectroscoanalytical methods (1H-NMR and FT-IR). 
Suitable crystals were obtained by slow evaporation method, and the final structure was confirmed 
unequivocally by performing single crystal X-ray diffraction (XRD) studies. Geometric parameters 
were calculated at B3LYP/6-31G (d, p) method with the help of Gaussian 09 software to validate 
spectrosopic and single crystal X-ray results. The computed data corroborated nicely with the 
experimental results (spectroscopic and X-ray). Frontier molecular orbitals (FMOs) and reactivity 
indices revealed the reactivity of benzothiazine derivative. Molecular electrostatic potential (MEP) 
was measured to understand the electro or nucleophilic nature of compound. Mulliken and natural 
population charge analysis (NBO) was carried out to prove inter and intramolecular hydrogen 
bonding.

Keywords: (a) 1,2-benzothiazine; (b) XRD; (c) Density Functional Theory (DFT); (d) FMOs; (e) MEP.

Introduction

Benzothiazines, a class of heterocyclic 
compounds, are very well known for their broad 
range of pharmaceutical applications [1]. Various 
compounds belonging to the benzothiazine family are 
commercially available as anti-inflammatory drugs 
including piroxicame, meloxicam, cinnoxicam and 
droxicam etc. [2]. Benzothiazines have been 
extensively evaluated for their antibacterial [3], 
antifungal [4], antioxidant [5], anticonvulsant [6], 
anticancer [7] activities. 

1,2-Benzothiazine-1,1-dioxide and their 
derivatives were nicely synthesized by using sodium 
saccharin as a cheaper raw material [8]. And first of 
all, Lombardino and co-workers discover anti-
inflammatory activity of 1,2-benzothiazine having 3-
carboxamide functionality [9]. Since then a number 
of different ways have been explored to synthesize 
various derivatives of carboxamides of 1,2-
benzothiazines [10-12]. These synthetic methods 
include ring expansion multi-step synthesis [13], one 
pot strategy [14] and metal catalyzed Heck or Suzuki 
coupling reactions [15]. Ionic liquids were also 
employed to synthesize a series of N-alkylated 
derivatives of benzothiazine carboxamides [16]. 7-
{3-[4-(2-Quinolinylmethyl)-1-piperazinyl]propoxy}-
2,3-dihydro-4H-benzothiazin-3-one was proved as 

selective potent anti-histamine agent when it was 
administer to Guinea pig [17]. Some benzothiazines 
derivatives were proved as good reducers [18] of 
cholesterol level by inhibiting the synthesis of 
cholesterol molecules. Sudoxicam was tested in vivo 
on rabbit and dogs, and shown as better anti-
coagulant than aspirin [19]. Another study was 
designed with the aim to investigate and compare the 
actions of two NSAIDs i.e. Meloxicam (COX-2 
inhibitor) and piroxicam (COX-1 inhibitor) for 
oxyradical production in rat gastric mucosa, and 
observed that both the oxicams showed gastric 
mucosal damage at similar extent [20].

Computational based methods have proven their 
importance to validate the different aspects of 
experimental results, but also to explore and investigate 
the detailed structural properties. Density functional 
theory (DFT) calculation is famous method to investigate 
the structure property relationship [21]. In continuation to 
our previous work regarding the synthesis and structural 
investigations on various  benzothiazine and heterocyclic 
derivatives [22-28], the synthesis, XRD and density 
functional theory studies of benzothiazine derivative N-
(2-bromo-4-nitrophenyl)-3-methoxy-4-oxo-3,4-dihydro-
2H-benzo[e][1,2]thiazine-3-carboxamide 1,1-dioxide has 
been reported for the first time. 

*To whom all correspondence should be addressed.
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Experimental 

Material and Methods

The chemicals used in synthesis were 
purchased from E. Merck, Sigma Al-drich and Alfa-
Aesar and used without further purification. GF254

aluminum based TLC plates purchased from MERK 
used to monitor the reaction progress. Varian AM400 
instrument was used to record 1H-NMR spectrum and 
chemical shifts are reported in ppm by considering 
tetramethylsilane as internal standard. FT-IR 
spectrum recorded on a Perkin Elmer 1600-FT 
spectrometer. Electrothermal (Griffin 1090) was used 
to measure the melting point and is reported as 
uncorrected.

Synthesis of N-(2-bromo-4-nitrophenyl)-3-methoxy-4-
oxo-3,4-dihydro-2H-benzo[e][1,2]thiazine-3-
carboxamide 1,1-dioxide 

4-Hydroxy-1,1-dioxo-1,2-dihydro-1λ6-
benzo[e][1,2]thiazine-3-carboxylic acid methyl ester 
(0.25 g, 0.98 mmol) (I) was refluxed with 2-bromo-4-
nitro-phenylamine (0.211 g, 0.98 mmol) in xylene as 
solvent to yield 4-hydroxy-1,1-dioxo-1,2-dihydro-1λ6-
benzo[e][1,2]thiazine-3-carboxylic acid (2-bromo-4-nitro-
phenyl)amide (II). The precipitate obtained were treated 
with N-bromosuccinamide (0.171 g, 0.98 mmol) in the 
presence of benzoyl peroxide as catalyst and carbon 
tetrachloride (CCl4) as solvent followed by washing with 
hot water to obtain N-(2-bromo-4-nitrophenyl)-3-
hydroxy-4-oxo-3,4-dihydro-2H-benzo-[e][1,2]thiazine-3-
carboxamide-1,1-dioxide (III). Then the compound 
molecule (III) was crystalized in methanol, where 
dehydration occur between two alcohols during 
recrystallization to furnish N-(2-bromo-4-nitrophenyl)-3-
methoxy-4-oxo-3,4- dihydro-2H-benzo[e][1,2]thiazine-3-
carboxamide 1,1-dioxide (IV). The detailed synthesis of 
the title compound is shown in scheme-1.

State: white powder, Yield: 86%, M. P. 144-
146oC, FT-IR (KBr) max: 3350, 1750, 1699, 1322, 1176 
cm-1 1H-NMR: (400 MHz) (CDCl3) :  8.55 (1H, s, 
CONH), 7.64-8.42 (7H, m, aromatic), 3.68 (1H, s, OCH3) 

Crystal data: C16H12N3O7SBr, Mr = 470.26 
g·mol-1, colorless block, 0.36mm × 0.31mm × 0.25mm, 
orthorhombic, space group Pbca, a = 20.813(1), b = 
13.187(7), c = 13.062(8) Å, á = ß = ã = 90o, V = 3584.8(3) 
Å3, Z = 8, Dc = 1.743 g·cm-3, F(000) = 1888, MoKα
radiation, λ = 0.71073 Å, T = 296(2) K, 2θmax = 56.61o, 
18515 reflections collected, 4348 unique (Rint = 0.099), 
final GOOF = 0.923, R = 0.053, wR = 0.0784, R indices 
based on 1643 reflections with I > 2(I) (refinement on F2) 
254 parameters, µ = 2.457 mm-1. 

Crystallography

Suitable crystal was chosen under microscope 
and pasted on glass tip with the help of glue, and 
displayed on Bruker KAPPA APEX II diffractometer 
[29], having Mo-Kα radiation source.  The crystal 
structure was solved with the help of SHELXS-97 [30] 
and refinements were resolved by full-matrix least-
squares approach on F2 using SHELXL-97 [30]. C, N, O 
and S were refined with the help of anisotropic 
parameters. Aromatic hydrogens were positioned 
geometrically (C–Harom. = 0.93 Ǻ), and treated with the 
help of riding model having U = 1.2 times for aromatic 
carbons. The hydrogens for methyl group were also 
refined geometrically and treated with riding model 
having C-H = 0.97 Å and U = 1.5 times for methyl 
carbon atom. Both the (N–H = 0.86 Å) hydrogen atoms 
were also refined at calculated positions with U = 1.2 for 
nitrogen atom. ORTEP-III [31] and PLATON [32] inbuilt 
within the WINGX [33, 34] were used to draw the 
molecular diagrams.

Scheme-1: Synthetic scheme of title compound N-(2-bromo-4-nitrophenyl)-3-methoxy-4-oxo-3, 4-dihydro-
2H-benzo[e] [1, 2] thiazine-3-carboxamide 1,1-dioxide (IV). 
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Fig. 1: ORTEP diagram of title compound, thermal ellipsoids were drawn at 50% probability level for       
non-hydrogen atoms.

Computational Methods

Density functional theory (DFT) 
investigations were performed by using Gaussian 09 
software [35] in vacuo. Results/graphics were 
visualized by using GaussView 05 [36]. The energy 
minima structure was calculated by adopting 
B3LYP/6-31G (d, p) method. Frequency simulation 
was performed to confirm the true optimization. 
Simulated vibration was extracted from frequency 
output files. The 1H-NMR chemical shifts were 
calculated with the help of B3LYP/6-31G(d, p) 
method. The coefficients of frontier orbitals, 
molecular electrostatic potential (MEP) and reactivity 
indices were also calculated by adopting B3LYP/6-
31G (d, p) method. The Mulliken and natural 
population (NBO) charges were calculated at the 
same lavel as used for optimization.

Results and Discussion

The benzothiazine derivative was synthesized as 
white crystalline solid in 86% yields, (for synthetic details 
see experimental section, Scheme-1). The crystallization 
of the molecule in methanol at room temperature yielded 
unsymmetrical ether with cyclic sultam and carboxamide 
functionality. Spectroscopic techniques like 1H-NMR, 
and IR were carried out initially to characterized molecule 
and then X-ray structural analysis proved the final 
structure.

Crystal Structure

The title benzothiazine derivative, having 
molecular formula [C16H12N3O7SBr] crystalized in 

orthorhombic crystal system with Pbca2 space group 
and Z = 8. The ORTEP plot benzothiazine derivative 
is shown in Fig. 1. 

In the thiazine ring C8-carbon atom is chiral 
carbon with R configuration and adopted distorted 
tetrahedral geometry since the angles around it varies 
from 104.1(3)º to 114.3(3)º. Similarly, the sulfur atom 
(S1) also adopted tetrahedral type geometry having 
O1-S1-O2 angle of 119.98(2)º. The ring is stabilized 
by adopting like half-chair conformation along with 
N1 and S1 located away by 0.3447(2)Å and -
0.3519(2)Å from the plane of connected atoms 
C(1)/C(2)/C(7)/C(8)/N(1)/S(1). The root mean square 
(r. m. s.) deviation values for the thiazine ring is 
0.2300(2) Å, which also indicates its non-planer 
behavior. The fused aromatic and thiazine rings are 
twisted at dihedral angles of 14.43(1)o. 2-Bromo-4-
nitrophenyl ring is oriented at dihedral angles of  
70.83(5)o and 83.70(4)o with respect to the planes 
produced by the fitted atoms of aromatic (C1-C6) and 
thiazine rings. The nitro group is twisted by 15.29(5)o

with respect to its adjacent aromatic ring. The 
puckering parameters [37] are Q = 0.564(3) Å, θ = 
66.1(4)º, φ = 22.9(5)º, Q(2) = 0.517(4)Å, Q(3) = 
0.228(4)Å and φ(2) = 22.9(5)º. 

The unit cell view is shown in Fig. 2 and the 
non-covalent interactions parameters are given in Table-1. 
Unit cell diagram is clearly depicting that the molecule 
exhibits π···π interaction between the two aromatic rings 
(C10～C15 = Cg1) of neighboring molecules with 
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centroid distance = 3.755Å and symmetry operation –x, -
y, 2-z. Inter- and intra-molecular non-covalent interactions 
further facilitated to stabilize the crystal structure of 
molecule via classical and non-classical hydrogen 
bonding. Carboxamide N-H involve in N(2)-H…halogen 
(Br1) and N(2)-H…O(4) intramolecular interactions and 
form five membered ring motif S(5). The intermolecular 
interactions of C(15)-H15…O2 and C(16)-H (16a)….O7 
connected the molecules in zig-zag manner.

Fig. 2: Unit cell view, of Title compound.

Table-1: Hydrogen-bond Parameters of title Compound 
(Å, ˚) (Atomic Labels are with Reference to Fig. 1).

D-H····A (o) d(D-A) (Å) D(H····A) (Å) d(D-H) (Å) D-H····A
117.2 3.043(3) 2.55 0.86 N2-H2····Br1
112.9 2.653(5) 2.20 0.86 N2-H2····O4
149.7 3.202(5) 2.36 0.93 C15-H15····O21

120.7 2.976(5) 2.39 0.93 C15-H15····O5
159.4 3.459(6) 2.54 0.96 C16-H16A····O72

Symmetry Codes: 1-X, 1-Y, 2-Z; 2-X,-Y, 2-Z

Geometry Optimization

In recent years, computational methods based 
on DFT have gained interest of scientists because of wide 
range applications. The DFT simulations of benzothiazine 
derivative were performed not only to theoretically 
simulate single crystal XRD results, but also to explore 
structural properties like frontier molecular orbital 
analysis (FMOs), chemical reactivity indices and 
molecular electrostatic potential (MEP). The Geometry of 
benzothiazine derivative was optimized by using 6-31G 
(d, p) basis set at DFT level, and shown in Fig. 3. 
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Fig. 3: Optimized geometry at B3LYP/6-31G (d, p) 
method.

A comparative analysis of XRD and 
computed bond lengths and bond angles is narrated in 
Table-2 and 3. From the data given in tables, it is 
clear that excellent correlation lies between XRD and 
simulated bond lengths and bond angles. Maximum 
deviation in the bond lengths is found in the range of 
0.0 ～0.063Å. Maximum deviation in bond length 
observed in S1-C1 (atomic labelling is in accordance 
with ORTEP plot Fig. 1) and for which the X-ray 
value is 1.726Å and simulated value is equal to 
1.789Å. In bond angles, maximum deviation in X-ray 
and simulated data observed in the range of 0.01 ～
3.53o. Maximum deviation is equal to 3.53o for C8-
N1-S1.

Table-2: XRD and Computed Bond Lengths (Å) of Title Compound (Atomic Labels are with Reference to Fig. 1).
Bond length (B3LYP) (Å) Bond length (XRD) (Å) Bond Bond length (B3LYP) (Å) Bond length (XRD) (Å) Bond

1.392 1.384(6) C(1)-C(2)       1.910 1.879(4) Br(1)-C(11)
1.406 1.394(6) C(1)-C(6) 1.461 1.418(3) S(1)-O(1)
1.395 1.365(7) C(2)-C(3) 1.460 1.421(3) S(1)-O(2)
1.397 1.386(7) C(3)-C(4) 1.676 1.629(3) S(1)-N(1)
1.391 1.383(6) C(4)-C(5) 1.789 1.726(5) S(1)-C(1)
1.403 1.395(6) C(5)-C(6) 1.216 1.201(4) O(3)-C(7)
1.489 1.479(6) C(6)-C(7) 1.408 1.390(5) O(4)-C(8)
1.569 1.545(6) C(7)-C(8) 1.436 1.468(5) O(4)-C(16)
1.568 1.564(6) C(8)-C(9) 1.224 1.209(5) O(5)-C(9)
1.412 1.403(5) C(10)-C(11) 1.230 1.202(5) O(6)-N(3)
1.407 1.388(6) C(10)-C(15) 1.231 1.214(5) O(7)-N(3)
1.385 1.374(5) C(11)-C(12) 1.448 1.448(5) N(1)-C(8)
1.392 1.376(6) C(12)-C(13) 1.360 1.356(5) N(2)-C(9)
1.391 1.374(5) C(13)-C(14) 1.396 1.395(5) N(2)-C(10)
1.388 1.372(6) C(14)-C(15) 1.467 1.480(6) N(3)-C(13)
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Table-3: XRD and Simulated Bond Angles (°) of Title Compound.
Bond angle (B3LYP) (o) Bond angle (XRD) (o) Bond Bond angle (B3LYP) (o) Bond angle (XRD) (o) Bond

117.83 118.8(4) O(3)-C(7)-C(8) 121.51 119.98(19) O(1)-S(1)-O(2)
120.41 119.6(4) C(6)-C(7)-C(8) 106.41 107.83(18) O(1)-S(1)-N(1)
114.70 115.0(4) O(4)-C(8)-N(1) 109.13 107.94(19) O(1)-S(1)-C(1)
102.84 104.1(3) O(4)-C(8)-C(7) 107.93 107.24(19) O(2)-S(1)-N(1)
111.68 111.8(3) O(4)-C(8)-C(9) 108.20 110.8(2) O(2)-S(1)-C(1)
115.50 114.3(3) N(1)-C(8)-C(7) 101.86 101.46(19) N(1)-S(1)-C(1)
104.67 105.4(3) N(1)-C(8)-C(9) 116.21 114.9(4) C(8)-O(4)-C(16)
107.40 106.1(4) C(7)-C(8)-C(9) 120.33 116.8(3) C(8)-N(1)-S(1)
126.96 127.3(4) O(5)-C(9)-N(2) 128.53 129.9(4) C(9)-N(2)-C(10)
120.76 122.8(4) O(5)-C(9)-C(8) 124.85 125.2(5) O(6)-N(3)-O(7)
112.26 109.9(4) N(2)-C(9)-C(8) 117.50 117.6(5) O(6)-N(3)-C(13)
118.95 118.6(4) N(2)-C(10)-C(11) 117.64 117.2(5) O(7)-N(3)-C(13)
122.71 122.3(4) C(15)-C(10)-N(2) 118.78 121.7(4) C(2)-C(1)-S(1)
118.33 119.1(4) C(15)-C(10)-C(11) 121.47 120.9(5) C(2)-C(1)-C(6)
120.18 120.2(3) C(10)-C(11)-Br(1) 119.68 117.2(3) C(6)-C(1)-S(1)
118.38 119.6(3) C(12)-C(11)-Br(1) 119.18 119.0(5) C(3)-C(2)-C(1)
121.43 120.2(4) C(12)-C(11)-C(10) 120.27 122.0(5) C(2)-C(3)-C(4)
118.58 119.1(4) C(11)-C(12)-C(13) 120.18 118.7(5) C(5)-C(4)-C(3)
118.76 118.3(4) C(12)-C(13)-N(3) 120.53 120.8(5) C(4)-C(5)-C(6)
119.60 119.9(5) C(14)-C(13)-N(3) 118.34 118.6(4) C(1)-C(6)-C(5)
121.63 121.8(4) C(14)-C(13)-C(12) 123.89 122.6(4) C(1)-C(6)-C(7)
119.40 119.3(4) C(15)-C(14)-C(13) 117.74 118.8(5) C(5)-C(6)-C(7)
120.61 120.5(4) C(14)-C(15)-C(10) 121.73 121.6(4) O(3)-C(7)-C(6)

Table-4: Prominent experimental and simulated vibrational (cm-1) frequencies of Title compound.
(Calc.) (Exp.) Assignment (Calc.) (Exp.) Assignment (Calc.) (Exp.) Assignment
3369
1712
1601
1578
1557
1520

3350
1750
---

1699
----
----

υsN-H
υsC=O

υsC=Carom.

υsC=Carom.

υsN=O, βN-H
υsC-N, υsC=Carom.

1350
1340
1312
1283
1261
1251

1322
----
----
----
----
----

υs S=O, βN-H
υs C-N
υas C=C
υas S=O
β C-Harom.

βC-Harom.

1213
1187
1100
1094
871
607

----
1176
----
----
----
----

βC-Harom.

υs N-C
υsC-C, C-N
υs N-C

ã C-Harom.

ã N-H
    υs, Symmetric treching; υas, Asymmetric streching; β, In plane bending.

Vibrational Analysis

The prominent experimental and theoretical 
vibration values are given in Table-4. Theoretical 
values always appear higher than experimental 
values, scaling factor (0.9627) was used to minimize 
the theoretical error. During comparison of main 
functional groups of title compound, stretching 
frequency of N-H appeared at 3350 cm-1 in 
experimental spectrum. Whereas theoretically 
stretching vibration of NH appeared at 3369 cm-1 and 
correlated with experimental value. For C=O 
experimental stretching vibration depicted at 1750 
cm-1 and comparatively simulated scan vibration 
appeared at 1712 cm-1. Results of experimental 
characterization showed strong stretching vibration of 
1699 cm-1, assigned to aromatic C=C stretching, and 
on other hand theoretically same vibration is 
appeared at 1578 cm-1. In amide group, asymmetric 
stretching vibration assigned to C-N and it was in 
good correlation with theoretical peak at 1176 cm-1. 
In addition to stretching vibrations, some prominent 
vibrations are also observed in theoretical spectrum, 
which are difficult to assign in experimental scan. All 
these experimental and theoretical values were in 
good agreement with each other and confirmed the 
desired structure.
1H-NMR studies

In order to validate the experimental NMR 
results, the experimental 1H-NMR data is compared 

with theoretically calculated 1H-NMR which is 
measured in gas phase at B3LYP/6-31g (d, p) method 
and by using GAIO method. Tetramethylsilane is 
used as internal reference for which ppm is preferred. 
The comparative analysis of experimental and 
theoretical shift values is given in Table-5. In the title 
compound only amide, aromatic and methoxy 
protons are present. In experimental spectrum the 
NHCO proton is 8.55 ppm and theoretically the same 
proton is appeared at 9.71 ppm. The amide protons 
are always medium dependent, therefore are very 
difficult to compare both experimentally as well as 
theoretically. The benzene protons are appeared in the 
range of 7.64-8.42 ppm in experimental spectrum and 
during simulation in gaseous phase these are found in 
range of 7.82-9.23 ppm, respectively and correlated 
with the experimental values. In Experimental 
observation methoxy protons show peak at 3.68 ppm 
whereas theoretical simulation show peak at 3.79 
ppm and corroborated nicely to each other.

Table-5: Comparison of experimental and simulated 
1H-NMR chemical shifts (ppm) (atomic labeling is in 
accordance with Fig. 3).

Proton Exp. (CDCl3) Calc. (Gas)
H20 (CONH)

H7 (aromatic)
H8 (aromatic)
H9 (aromatic)
H25 (aromatic)
H30 (aromatic)
H31 (aromatic)
H36 (aromatic)
H38-40 (OCH3)

8.55
7.64-8.42

3.68

9.71
8.0133
7.9296
7.8288
9.2386
8.4202
8.6185
8.4264
3.79
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Frontier Molecular Orbital (FMOs) Analysis and 
Electronic Properties

Frontier molecular orbitals (FMOs) analysis 
by DFT methods has proved very useful to explore 
electronic and absorption properties of molecules 
[38]. In molecular interactions mainly, frontier 
orbitals (HOMO/LUMO) participate. The HOMO-
LUMO surfaces are shown in the Fig. 4 along with 
corresponding energies of HOMO, LUMO and 
HOMO-LUMO band gap.

Fig. 4: HOMO and LUMO Surfaces along 
corresponding energies.

The FMO analysis revealed that compound 
has total 118 occupied orbitals, HOMO is
concentrated on nitro and bromo substituted phenyl 
ring and amide functionality, whereas LUMO are 
mainly concentrated on the benzothiazine moiety. 
Energy of HOMO (I. P) and LUMO (E. A) were 
observed -7.10 eV and -2.84 eV. The HOMO-LUMO 
band gap found equal to 4.26 eV, which indicates, 
that compound is kinetically less stable and more 
reactive.

Reactivity Indices

DFT can also be used to describe the 
chemical reactivity of any organic compound in term 
of chemical hardness (η), electrophilicity index (ω) 

and electronic chemical potential (µ) [24]. The 
chemical hardness (η) of a compound is defined by 
the mathematical expression given below (1).

η = (EH O M O -E L U M O)/2 (1)

Electronic chemical potential (µ) is a negative of 
electronegativity [30] and mathematically, can be 
expressed by equation (2).

µ = (EHOMO+ELUMO)/2 (2)

Electrophilicity index (ω) is a thermodynamics 
property and plays a key role in explaining the reactivity 
of any system and can be expressed by mathematical 
relation given below (3) [24].

ω = µ2/2η (3)

Using the above mathematical equations (1-3) 
the three reactivity indices of benzothiazine derivatives
were calculated and the data is listed in Table-6, along 
with optimized energy and dipole moment. The chemical 
hardness of title compound is 2.128 eV, which reflects 
that compound is chemically less hard and more reactive. 
Similarly the high electrophilicity index value i.e. 5.813 
eV is reflecting title compound is more nucleophilic in 
nature. The electronic chemical potential value is 4.974 
eV, again is indicative of high reactivity of title 
compound.

Table-6: Reactivity indices like chemical hardness 
(η), electrophilicity index (ω), electronic chemical 
potential (μ) of Title Compound

Calculated Values Properties
-4277.4989072 Electronic energy (hf)

-7.10 EHOMO (eV)
-2.84 ELUMO (eV)
2.128 Chemical hardness (eV)
4.974 Electronic chemical potential (eV)
5.813 Electrophilicity index (eV)

Molecular Electrostatic Potential (MEP)

Molecular electrostatic potential (MEP) 
mapping explains the nucleophilic and electrophilic 
regions in any compound, and proved as very 
important tool in quantum chemical chemistry. It 
describes the chemical behavior of a system by 
predicting electrophilic and nucleophilic sites on the 
basis of color code in a molecule [40]. MEP is a basic 
property, which explains the behavior of target 
molecule and demonstrates the relative polarity of a 
compound [41]. Mathematically, MEP can be defined 
by the relation given below.

MEP is very important in structural biology, 
to understand the monovalent interactions [42]. In 
MEP analysis, electrophilicity and nucleophilicity is 
explained on the basis of different color codes, red 
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color indicates nucleophilic and blue color reflects 
electrophilic site [43]. Molecular electrostatic 
potential surface of title benzothiazine derivative is 
shown in the (Fig. 5).

Fig. 5: MEP surface simulated at B3LYP/6-31G (d, 
p) method.

The MEP analysis of compound revealed 
that, the positive potential of the target molecule is 
found 4.381×10 a. u. and concentrated on the 
benzene ring of benzothiazine moiety. The negative 
potential of the target molecule found -4.381×10 a. 
u and preferred site for electrophilic attack is nitro 
group attached to phenyl moiety.

Mulliken and Natural Population Analysis

One of the most effective applications of 
quantum chemical calculations is the simulation of 
effective atomic charges for molecular structure. 
Mulliken and natural population (NBO) analyses are 
the common methods to measure the atomic charges. 
Natural population charges can be measured with the 
help of NBO (natural bond analysis), whereas 
Mulliken population analysis is totally based on total 
atomic charges. The Mulliken and natural population 
charges are given in the Table-7. 

The negative charge is obtained on N13 (-0.674, 
-0.954,), O15 (-0.504, -0.922), O16 (-0.511, -0.93), and 
these atoms are directly attached to sulfur (1.223, 2.369) 
make it more positive.  Methoxy oxygen attached to 
carbon (C11) has negative charge (-0.189, -0.24) and 
directly attached carbon is positively charged (C11, 0.294, 
0.307). Oxygen (O17) atom attached to thiazine ring 
creates positive charge on C12 (0.409, 0.566) of ring due 
to its negative charge (-0.512, -0.519). Amide group in 
between benzene and thiazine moieties has consistency in 
results, N21 (-0.617, -0.630) and O19 (-0.609, -0.512) are 
negatively charged and transfer positive charge on C18 
(0.594, 0.688) and H20 (0.311, 0.461).  Nitro group (-
0.403, -0.25) attached to benzene ring is electron 

withdrawing group thus it causes electropositive charge 
on C28 (0.25, 0.053, Table-2). The intermolecular 
hydrogen bonding is observed between bromine of 
bromo substituted aromatic ring and the oxygen of 
methoxy group, and on the other hand methoxy group 
proton form intermolecular hydrogen bonding with 
oxygen of nitro group. Bromo substituted aromatic ring
having positively charged protons, they formed hydrogen 
bond with oxygen of sulfoxide and nitro groups of other 
molecules, as shown in the unit cell packing diagram 
(Fig. 2) (for detailed charges see the Table-7).

Table-7: Mulliken and natural population charges (NBO) 
of Title compound (lables are according to the Fig. 3).

Atom Mulliken Charges
Natural population 

charges (NBO)
C1 0.082 -0.153
C2 -0.217 -0.286
C3 -0.093 -0.219
C4 -0.067 -0.195
C5 -0.083 -0.223
C6 -0.081 -0.168
H7 0.143 0.273
H8 0.117 0.256
H9 0.115 0.255
H10 0.321 0.465
C11 0.294 0.307
C12 0.409 0.566
N13 -0.674 -0.954
S14 1.223 2.369
O15 -0.504 -0.922
O16 -0.511 -0.930
O17 -0.447 -0.519
C18 0.594 0.688
O19 -0.512 -0.609
H20 0.311 0.461
N21 -0.630 -0.617
C22 0.342 0.166
C23 -0.100 -0.244
C24 0.007 -0.129
H25 0.158 0.287
C26 -0.105 -0.202
C27 -0.103 -0.22
C28 0.254 0.053
Br29 -0.078 0.091
H30 0.148 0.281
H31 0.159 0.293
N32 0.387 0.513
O33 -0.394 -0.380
O34 -0.396 -0.383
O35 -0.496 -0.576
H36 0.136 0.270
C37 -0.082 -0.334
H38 0.155 0.235
H39 0.102 0.201
H40 0.132 0.234

Conclusion 

In conclusion, title benzothiazine derivative 
was synthesized in respectable yields, final structure 
is confirmed with the help of single crystal XRD 
analysis along-with vibrational and magnetic 
spectroscopic techniques. Theoretical investigations 
were accomplished and the results were compared 
with the experimental findings, which showed a good 
agreement between these (experimental and 
theoretical values). X-ray crystal structures with 
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orthorhombic crystal system, Pbca space group, a = 
20.813(1), b = 13.187(7), c = 13.062(8) Å, á = ß = ã
= 90o, V = 3584.8(3) Å3, Z = 8 and Dc = 1.743 g·cm-3

was found in good relation with simulated structural 
results with minor difference in bond lengths and 
bond angles. Theoretical and simulated spectroscopic 
(1H-NMR and FT-IR) results corroborated to each 
other, very nicely. The coefficients of HOMO and 
LUMO were simulated for the first time and HOMO-
LUMO energy gap showed 4.25 eV, which is 
showing that compound, is highly reactive in nature.
Reactivity indices and molecular electrostatic 
potential were simulated to investigate the structural 
properties. Mulliken and natural population charges 
analyses confirmed intra and intermolecular 
hydrogen bonding.
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