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I N T R O D U C T I O N

Benzoxazine are bicyclic heterocycles containing benzene
ring fused with oxazine ring. In general, benzooxazines can
be synthesized from formaldehyde, phenols and primary amines
by using Mannich reaction [1]. Depending on position of oxygen
and nitrogen atoms, the oxazines are observed in three forms
as 1,2-benzoxazine, 1,3-benzoxazine and 1,4-benzoxazine [2].

Benzoxazines derivatives was considered precursor for
the construction of various heterocyclic compounds as signifi-
cant heterocyclic system for the possessing remarkable biological
properties [3] and several benzoxazine derivatives are currently

A series of side chain modified structurally diverse 3,4-dihydro-2H-
benzo[b][1,4]-oxazine-2-carboxylic acid derivatives were synthesized
and characterized by IR, 1H NMR, 13C NMR and mass spectral study.
All the newly synthesized compounds were examined for their in vitro
antitubercular activity against Mycobacterium tuberculosis H37Ra.
The synthesized compounds exhibited minimum inhibitory concen-
tration (IC50) ranging from 5.98 to >30 (µg/mL) against MtbH37Ra.
Among the screened compounds, compounds 5a, 5c, 5d, 5f, 5g, 5h,
5I, 5j exhibited IC50 as 10.42, 11.81, 18.79, 5.98, 19.21, 24.81 and
14.81 µg/mL, respectively. The antibacterial screening study of these
compounds was conducted against four different bacteria to asses
there selectivity towards MTB. The antibacterial screening of all the
synthesized compounds was conducted against four bacterial strains
(Gram-negative strains: E.coli and S.aureus; Gram-positive strains:
P. aeruginosa and B.subtilis. The compounds 5a, 5b, 5c, 5e and 5j
showed higher antibacterial activity up to 7- 25 µg/mL. Furthermore,
molecular docking studies revealed the binding modes of the comp-
ounds in the binding site of the good agreement with the in vitro anti-
tubercular screening. The compounds 5a, 5c and 5f with free energy
of binding lower than -9.0 Kcal/mol binds more favourably at the
binding site of panC as compared to other compounds. Specifically,
the compound 5f with free energy of binding -9.6 Kcal/mol is indeed
found more active in docking study as well as in the in vitro antituber-
cular screening. These findings open the possibility for potential lead
for antituberculosis chemotherapy.
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in the development phase as potential drug candidates. Among
the wide diversity of heterocycles that have been explored for
developing medicinally essential molecule 1,4-benzoxazines
core play an very important group due to their broad range of
biological activity. Moreover, benzoxazine is one of the most
privileged core found in many biologically active molecules
exhibiting anticancer, antibacterial, antifungal activity and
scaffolds for the kinase inhibitors [4,5]. The present treatments
for the bacterial and fungal infections are inadequate, due to
rapidly developing multi drug resistance and more side effects
[6]. 2,3-Dihydro-1,4-benzoxazines have proven their great
importance as a part of biologically potent and medicinally
high significant value and shows the several biological activities,
such as anti-inflammatory, anti-ulcer, anti-bacterial activity
[6]. This obscurity of the drug has restricted uses of most anti-
microbial agents [7].

In the field of medicinal chemistry, 1,4-oxazine core is
one of the privileged sub-structures for drug design. It has been
represented an important class of heterocycles possessing remar-
kable utility as most potent therapeutic agents. Some of the
potentially active 1,4-oxazine containing synthetic drugs as
ofloxacin (1) is one of the antimicrobial agent (MIC = 0.25
µg/mL) [8], levofloxacin (2) exhibited good antitumor activity
MCF-7 breast cancer cell line with IC50 = 6.75 µM, ester (3)
and amide (4) analogues posseses remarkable anticancer activity

[9]. The derivatives of 1,4-benzoxazine (5,6) exhibited excellent
antifungal activity with MIC = 0.49l and 0.032 µg/mL, respec-
tively [10]. Li et al. [5] reported the synthesis of several 1,4-
benzoxazines derivatives (7-10) exhibiting excellent activity
against M. tuberculosis H37Rv. Approved drug and several
other drugs with similar mechanism are currently under clinical
trial as potent inhibitors of human uric acid transporter
1(hURAT1) (11-13) [11-15], Hernandez-Olmos et al. [16] reported
the SAR study of 1,4-oxazines (14-16) and found to be most
potent P2X4 antagonists (Fig. 1).

In view of the biocompatibility and biological potential
of 1,4-benzoxazine ring core, herein reported the synthesis
and biological screening of series of some 4-acyl substituted
3,4-dihydro-2H-benzo[b][1,4]oxazine-2-carboxylic acid
derivatives and screening of their antitubercular and antibacterial
activity [17-28].

E X P E R I M E N T A L

All the reagents used during the study were purchased
from Aldrich and Spectro-Chem. Solvents were dried and
redistilled before use. Melting points were recorded on Digital
Electro thermal Melting point apparatus (VEEGO, VMP-DS)
and are uncorrected. Reaction monitoring was conducted using
Thin Layer Chromatography (TLC) using pre-coated Silica
gel 60 F254 plates with layer thickness 0.25 nm purchased from
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Merck Ltd. TLC plates were visualized under ultraviolet light
at 254 nm wavelength. IR spectra were recorded on KBr discs
on Shimazdzu 470 IR spectrophotometer. 1H NMR was recorded
on Varian-NMR mercury 300 MHz spectrometer in DMSO-d6

using TMS as an internal standard. Chemical shifts values (δ)
are expressed parts per million (ppm). Mass spectra were recorded
on Varian MAT 311 A at 70 eV.

Synthesis of ethyl 3,4-dihydro-2H-benzo[b][1,4]oxazine-
2-carboxylate (3): In oven dried round bottom flask was taken
2-amino phenol (10 g, 0.091 mol) in dry acetonirile, then dried
Cs2CO3 (38 g, 0.275mol) was added in the reaction flask at
room temperature. The reaction mixture was stirred at 90 ºC
for 30 min. To this mixture ethyl-2,3-dibromopropionate (16.64
g, 0.109 mol) was added slowly. The reaction mixture was
further stirred at 60 ºC for 10 h. After completion of reaction,
the reaction mixture was cooled and filtered through celite
bed, solvent was evaporated completely then water (50 mL)
was added and extracted with ethyl acetate (2 × 100 mL). The
organic layer was separated and dried with anhydrous sodium
sulphate. The solvent was removed under reduced pressure.
The crude product was purified by column chromatography,
product was eluted in ethyl acetate:petroleum ether (6-8%), to
afford ethyl 3,4-dihydro-2H-benzo[b][1,4]oxazine-2-carboxy-
late (3) as brown solid (10.12 g). Yield = 53.31%. 1H NMR
(300 MHz, DMSO-d6): δ 1.22 (t, 3H, -CH2-CH3), 3.23 (s, 1H,
exchangeable with D2O, -NH-), 3.54 (dd, J = 8.5 Hz, 3.0 Hz,
1H, -CH2-CH-), 4.24 (q, 2H, -CH2-CH3), 4.82 (dd, J = 8.5 Hz,
3.0 Hz, 1H, -CH2-CH-), 5.18 (t, J = 8.5 Hz, 1H, -CH-CH2-),
6.62 (d, J = 7.2 Hz, 1H, Ar-H), 6.84 (dd, J = 7.2 Hz, 2H, Ar-H),
6.89 (dd, J = 7.2 Hz, 1H, Ar-H); m.f. C11H13NO3 (m.w. 207.23)
mass m/z (%): 208.17 (M+H)+.

General procedure of synthesis of ethyl 3,4-dihydro-
2H-benzo[b][1,4]oxazine-2-carboxylate derivatives (4): To
a mixture of ethyl 3,4-dihydro-2H-benzo[b][1,4]oxazine-2-
carboxylate (3) (200 mg, 0.966 mmol) in dry THF (2 mL),
pyridine (0.5mL) was added at 25 ºC and stirred for 30 min.
To this mixture slowly benzoyl chloride (0.17 mL, 1.44 mmol)
solution in THF was added. The reaction mixture was stirred
at 65 ºC for 1-2 h. After completion of reaction, reaction mixture
was poured in ice cold water and extracted with ethyl acetate.
The organic phase was washed by saturated solution of sodium
bicarbonate, dried over anhydrous sodium sulphate and concen-
trated under reduced pressure. The obtained crude product was
purified by column chromatography, product was eluted in
ethyl acetate:petroleum ether (5-6%) to afford yellow coloured
thick oil ethyl-3,4-dihydro-2H-benzo[b][1,4]oxazine-2-carboxy-
late derivatives (4) (250 mg), Yield = 70-80%.

Ethyl 4-benzoyl-3,4-dihydro-2H-benzo[b][1,4]oxazine-
2-carboxylate (4a): 1H NMR (300MHz, DMSO-d6): δ 1.23
(t, 3H, -CH2-CH3), 3.68 (dd, J = 8.9 Hz, 3.1 Hz, 1H, -CH2-CH-),
4.20 (q, 2H, -CH2-CH3), 4.86 (dd, J = 8.9 Hz, 3.1 Hz, 1H, -CH2-
CH-), 5.18 (t, J = 8.9 Hz, 1H, -CH-CH2-), 6.58 (d, J = 7.2 Hz,
2H, Ar-H), 6.97 (d, J = 7.2 Hz, 2H, Ar-H), 7.28-7.46 (m, 5H,
Ar-H); m.f. C18H17NO4 (m.w. 311.33) mass m/z(%): 312.17
(M+H)+.

Ethyl 4-(4-(tert-butyl)benzoyl)-3,4-dihydro-2H-benzo-
[b][1,4]oxazine-2-carboxylate (4b): 1H NMR (300 MHz,
DMSO-d6): δ 1.27 (t, 3H, -CH2-CH3), 1.29 (s, 9H, Ar-C(CH3)3),

3.71 (dd, J = 8.9 Hz, 3.1 Hz, 1H, -CH2-CH-), 4.19 (q, 2H, -CH2-
CH3), 4.82 (dd, J = 8.9 Hz, 3.1 Hz, 1H, -CH2-CH-), 5.03 (t, J
= 8.9 Hz, 1H, -CH-CH2-), 6.63 (d, J = 7.2 Hz, 2H, Ar-H), 7.00
(d, J = 7.2 Hz, 2H, Ar-H), 7.32 (d, J = 8.1 Hz, 2H, Ar-H), 7.40
(d, J = 8.1 Hz, 2H, Ar-H); m.f. C22H25NO4 (m.w. 367.44) mass
m/z (%): 368.28(M+H)+.

Ethyl 4-(4-(trifluoromethyl)benzoyl)-3,4-dihydro-2H-
benzo[b][1,4]oxazine-2-carboxylate (4c): 1H NMR (300
MHz, DMSO-d6): δ 1.25 (t, 3H, -CH2-CH3), 3.62 (dd, J = 9.2 Hz,
3.9 Hz, 1H, -CH2-CH-), 4.20 (q, 2H, -CH2-CH3), 4.91 (dd, J =
9.2 Hz, 3.9 Hz, 1H, -CH2-CH-), 5.06 (t, J = 9.2 Hz, 1H, -CH-
CH2-), 6.59 (d, J = 7.2 Hz, 2H, Ar-H), 7.00 (d, J = 7.2 Hz, 2H,
Ar-H), 7.56 (d, J = 7.8 Hz, 4H, Ar-H); m.f. C19H16NO4F3 (m.w.
379.33) mass m/z(%): 380.44(M+H)+.

Ethyl 4-(4-(methyl)benzoyl)-3,4-dihydro-2H-benzo[b]-
[1,4]oxazine-2-carboxylate (4d): 1H NMR (300 MHz, DMSO-
d6): δ 1.21 (t, 3H, -CH2-CH3), 2.35 (s, 3H, Ar-CH3), 3.69 (dd,
J = 8.8 Hz, 3.3 Hz, 1H, -CH2-CH-), 4.19 (q, 2H, -CH2-CH3),
4.78 (dd, J = 8.8 Hz, 3.3 Hz, 1H, -CH2-CH-), 5.02 (t, J = 8.8
Hz, 1H, -CH-CH2-), 6.58 (d, J = 7.8 Hz, 2H, Ar-H), 6.97 (d, J
= 8.1 Hz, 2H, Ar-H), 7.11 (d, J = 8.1 Hz, 2H, Ar-H), 7.36 (d,
J = 7.8 Hz, 2H, Ar-H); m.f. C19H19NO4  (m.w. 325.13) mass m/z
(%): 326.52(M+H)+.

Ethyl 4-pivaloyl-3,4-dihydro-2H-benzo[b][1,4]oxazine-
2-carboxylate (4e): 1H NMR (300MHz, DMSO-d6): δ 1.18
(s, 9H, -C(CH3)3), 1.21 (t, 3H, -CH2-CH3), 3.58 (dd, J = 8.9 Hz,
3.1 Hz, 1H, -CH2-CH-), 4.18 (q, 2H, -CH2-CH3), 4.82 (dd, J =
8.9 Hz, 3.1 Hz, 1H, -CH2-CH-), 5.18 (t, J = 8.9 Hz, 1H, -CH-
CH2-), 6.48 (d, J = 7.2 Hz, 2H, Ar-H), 6.87 (d, J = 7.2 Hz, 2H,
Ar-H); m.f. C16H21NO4 (m.w. 291.34) mass m/z (%): 292.17
(M+H)+.

Ethyl 4-isobutyryl-3,4-dihydro-2H-benzo[b][1,4]oxazine
-2-carboxylate (4f): 1H NMR (300 MHz, DMSO-d6): δ 1.08
(d, 6H, -CH(CH3)2), 1.23 (t, 3H, -CH2-CH3), 3.01 (m, 1H, -CH-
(CH3)2), 3.69 (dd, J = 8.9 Hz, 3.1 Hz, 1H, -CH2-CH-), 4.17 (q,
2H, -CH2-CH3), 4.81 (dd, J = 8.9 Hz, 3.1 Hz, 1H, -CH2-CH-),
5.18 (t, J = 8.9 Hz, 1H, -CH-CH2-), 6.58 (d, J = 7.2 Hz, 2H,
Ar-H), 6.97 (d, J = 7.2 Hz, 2H, Ar-H); m.f. C15H19NO4 (m.w.
277.32) mass m/z (%): 250.11(M+H)+.

Ethyl 4-(cyclopropanecarbonyl)-3,4-dihydro-2H-benzo-
[b][1,4]oxazine-2-carboxylate (4g): 1H NMR (300 MHz,
DMSO-d6): δ 0.82 (m, 4H, 2 × -CH2 cyclopropyl), 1.22 (m, 1H,
-CH cyclopropyl),1.23 (t, 3H, -CH2-CH3), 3.68 (dd, J = 8.9
Hz, 3.1 Hz, 1H, -CH2-CH-), 4.20 (q, 2H, -CH2-CH3), 4.86 (dd,
J = 8.9 Hz, 3.1 Hz, 1H, -CH2-CH-), 5.18 (t, J = 8.9 Hz, 1H, -CH-
CH2-), 6.58 (d, J = 7.2 Hz, 2H, Ar-H), 6.97 (d, J = 7.2 Hz, 2H,
Ar-H); m.f. C15H17NO4 (m.w. 275.30) mass m/z(%): 276.32
(M+H)+.

Ethyl 4-(4-chlorobenzoyl)-3,4-dihydro-2H-benzo[b]-
[1,4]oxazine-2-carboxylate (4h): 1H NMR (300 MHz, DMSO-
d6): δ 1.23 (t, 3H, -CH2-CH3), 3.68 (dd, J = 8.9 Hz, 3.1 Hz, 1H,
-CH2-CH-), 4.20 (q, 2H, -CH2-CH3), 4.86 (dd, J = 8.9 Hz, 3.1
Hz, 1H, -CH2-CH-), 5.18 (t, J = 8.9 Hz, 1H, -CH-CH2-), 6.58
(d, J = 7.2 Hz, 2H, Ar-H), 6.97 (d, J = 7.2 Hz, 2H, Ar-H), 7.40
(d, J = 7.8 Hz, 2H, Ar-H), 7.81 (d, J = 7.8 Hz, 2H, Ar-H); m.f.
C18H16NO4Cl (m.w. 345.78) mass m/z(%): 346.34(M+H)+.

Ethyl 4-(4-fluorobenzoyl)-3,4-dihydro-2H-benzo[b]-
[1,4]oxazine-2-carboxylate (4i): 1H NMR (300 MHz, DMSO-
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d6): δ 1.23 (t, 3H, -CH2-CH3), 3.68 (dd, J = 8.9 Hz, 3.1 Hz, 1H,
-CH2-CH-), 4.20 (q, 2H, -CH2-CH3), 4.86 (dd, J = 8.9 Hz, 3.1
Hz, 1H, -CH2-CH-), 5.18 (t, J = 8.9 Hz, 1H, -CH-CH2-), 6.58
(d, J = 7.2 Hz, 2H, Ar-H), 6.97 (d, J = 7.2 Hz, 2H, Ar-H), 7.09
(d, J = 7.8 Hz, 2H, Ar-H), 7.85 (d, J = 7.8 Hz, 2H, Ar-H); m.f.
C18H16NO4F (m.w. 329.32) mass m/z(%): 330.23 (M+H)+.

Ethyl 4-(2,4-difluorobenzoyl)-3,4-dihydro-2H-benzo-
[b][1,4]oxazine-2-carboxylic acid (4j): 1H NMR (300 MHz,
DMSO-d6): δ 1.23 (t, 3H, -CH2-CH3), 3.68 (dd, J = 8.9 Hz, 3.1 Hz,
1H, -CH2-CH-), 4.20 (q, 2H, -CH2-CH3), 4.86 (dd, J = 8.9 Hz,
3.1 Hz, 1H, -CH2-CH-), 5.18 (t, J = 8.9 Hz, 1H, -CH-CH2-),
6.58 (d, J = 7.2 Hz, 2H, Ar-H), 6.97 (d, J = 7.2 Hz, 2H, Ar-H),
7.80 (dd, J = 7.8 Hz, 1H, Ar-H), 7.87 (dd, J = 7.8 Hz, 1H, Ar-H),
7.92 (d, J = 7.8 Hz, 1H, Ar-H); m.f. C18H15NO4F2 (m.w. 347.31)
mass m/z(%): 348.17(M+H)+.

General procedure of synthesis of 3,4-dihydro-2H-
benzo[b][1,4]oxazine-2-carboxylic acid derivatives (5a-j):
A mixture of ethyl 3,4-dihydro-2H-benzo[b][1,4]oxazine-2-
carboxylate derivative (100 mg, 0.325 mmol) in methanol (4
mL), was cooled to 0-5 ºC. To this mixture aq. LiOH solution
was added. The reaction mixture was stirred at 25 ºC for 2 h.
After completion of reaction, methanol was evaporated at 30 ºC,
residue washed with saturated NaHCO3 and ether. Then aqueous
layer was acidified by HCl (1N) solution, solid separated was
filtered and suck dried to afford series of compounds 5a-j,
Yield: 80-90%.

4-Benzoyl-3,4-dihydro-2H-benzo[b][1,4]oxazine-2-
carboxylic acid (5a): 1H NMR: δ 3.67 (dd, J = 9.2 Hz, 3.1 Hz,
1H, -CH2-CH-), 4.48 (dd, J = 9.2 Hz, 3.1 Hz, 1H, -CH2-CH-),
5.20 (t, J = 9.2 Hz, 1H, -CH-CH2-), 6.66 (d, J = 7.2 Hz, 2H,
Ar-H), 6.99 (d, J = 7.2 Hz, 2H, Ar-H), 7.38-7.43 (m, 5H, Ar-H),
13.20 (s, 1H, exchangeable with D2O, -COOH); 13C NMR(100
MHz, DMSO d6): δ 40.5, 73.4, 117.2, 120.2, 122.9, 125.6, 125.8,
126.2, 128.3, 130.5, 131.3, 138.2, 146.9, 167.4, 170.8; IR
(KBr, νmax, cm-1): 3429 (-OH acid), 3019, 2929 (C-H alkane),
1744 (C=O amide), 1624, 1588 (arom. carbon), 1388 (C-N),
1207 (C-O); m.f. C16H13NO4 (m.w. 283.28) mass m/z(%): 284.19
(M+H)+.

4-[4-(tert-Butyl)benzoyl)]-3,4-dihydro-2H-benzo-
[b][1,4]oxazine-2-carboxylic acid (5b) : 1H NMR: δ 1.27 (s,
9H, Ar-C(CH3)3), 3.67 (dd, J = 9.2 Hz, 3.6 Hz, 1H, -CH2-CH-),
4.45 (dd, J = 9.2 Hz, 3.6 Hz, 1H, -CH2-CH-), 5.11 (t, J = 9.2
Hz, 1H, -CH-CH2-), 6.68 (d, J = 7.2 Hz, 2H, Ar-H), 6.98 (d, J
= 7.2 Hz, 2H, Ar-H), 7.00 (d, J = 8.1 Hz, 2H, Ar-H), 7.39 (d,
J = 8.1 Hz, 2H, Ar-H), 13.24 (s, 1H, exchangeable with D2O,
-COOH); IR (KBr, νmax, cm-1): 3417 (-OH acid), 2963, 2869
(C-H alkane), 1748 (C=O amide), 1610, 1587 (arom. carbon),
1386 (C-N), 1235 (C-O); m.f. C20H21NO4 (m.w. 339.39) mass
m/z(%): 340.55(M+H)+.

4-[4-(Trifluoromethyl)benzoyl]-3,4-dihydro-2H-benzo-
[b][1,4]oxazine-2-carboxylic acid (5c) : 1H NMR: δ 3.66 (dd,
J = 9.2 Hz, 3.9 Hz, 1H, -CH2-CH-), 4.45 (dd, J = 9.2 Hz, 3.9
Hz, 1H, -CH2-CH-), 5.18 (t, J = 9.2 Hz, 1H, -CH-CH2-), 6.70
(d, J = 7.2 Hz, 2H, Ar-H), 7.03 (d, J = 7.2 Hz, 2H, Ar-H), 7.64
(d, J = 8.4 Hz, 2H, Ar-H), 7.80 (d, J = 8.4 Hz, 2H, Ar-H),
13.44 (s, 1H, exchangeable with D2O, -COOH); 13C NMR(100
MHz, DMSO-d6): δ 40.5, 73.4, 117.3, 120.0, 122.9, 124.6, 125.6,
126.2, 128.3, 129.5, 130.3, 130.6, 131.0, 139.8, 146.9, 167.4,

170.9; IR (KBr, νmax, cm-1): 3461 (-OH acid), 3063, 2955 (C-H
alkane), 1743 (C=O amide), 1645, 1518 (arom. carbon), 1332
(C-N), 1230 (C-O); m.f. C17H12NO4F3 (m.w. 351.28) mass m/z
(%): 352.47(M+H)+.

4-[4-(Methyl)benzoyl]-3,4-dihydro-2H-benzo[b][1,4]-
oxazine-2-carboxylic acid (5d) : 1H NMR: δ 2.32 (s, 3H, Ar-
CH3), 3.67 (dd, J = 7.8 Hz, 3.4 Hz, 1H, -CH2-CH-), 4.36 (dd,
J = 7.8 Hz, 3.4 Hz, 1H, -CH2-CH-), 4.87 (t, J = 7.8 Hz, 1H, -CH-
CH2-), 6.62 (d, J = 7.2 Hz, 2H, Ar-H), 6.92 (d, J = 7.8 Hz, 2H,
Ar-H), 7.18 (d, J = 7.2 Hz, 2H, Ar-H), 7.36 (d, J = 7.8 Hz, 2H,
Ar-H), 13.31 (s, 1H, exchangeable with D2O, -COOH); IR (KBr,
νmax, cm-1): 3408 (-OH acid), 3058, 2945 (C-H alkane), 1750
(C=O amide), 1633, 1587 (arom. carbon), 1332 (C-N), 1230 (C-O);
m.f. C17H15NO4 (m.w. 297.31) mass m/z(%): 296.29(M-H)−.

4-Pivaloyl-3,4-dihydro-2H-benzo[b][1,4]oxazine-2-
carboxylic acid (5e) : 1H NMR: δ 1.19 (s, 9H, -C(CH3)3), 3.64
(dd, J = 9.2 Hz, 3.1 Hz, 1H, -CH2-CH-), 4.46 (dd, J = 9.2 Hz,
3.1 Hz, 1H, -CH2-CH-), 5.18 (t, J = 9.2 Hz, 1H, -CH-CH2-),
6.58 (d, J = 7.2 Hz, 2H, Ar-H), 6.88 (d, J = 7.2 Hz, 2H, Ar-H),
13.24 (s, 1H, exchangeable with D2O, -COOH); IR (KBr, νmax,
cm-1): 3025 (-OH acid), 3043, 2950 (C-H alkane), 1738 (C=O
amide), 1614, 1587 (arom. carbon), 1335 (C-N), 1238 (C-O);
m.f. C14H17NO4 (m.w. 263.29) mass m/z(%): 264.48(M+H)+.

4-Isobutyryl-3,4-dihydro-2H-benzo[b][1,4]oxazine-2-
carboxylic acid (5f): 1H NMR: δ 1.09 (d, 6H, -CH(CH3)2),
3.02 (m, 1H, -CH(CH3)2), 3.62 (dd, J = 9.0 Hz, 3.0 Hz, 1H, -CH2-
CH-), 4.40 (dd, J = 9.0 Hz, 3.0 Hz, 1H, -CH2-CH-), 5.20 (t, J
= 9.0 Hz, 1H, -CH-CH2-), 6.64 (d, J = 7.2 Hz, 2H, Ar-H), 6.90
(d, J = 7.2 Hz, 2H, Ar-H), 13.20 (s, 1H, exchangeable with D2O,
-COOH); IR (KBr, νmax, cm-1): 3039 (-OH acid), 3066, 2959
(C-H alkane), 1742 (C=O amide), 1622, 1589 (arom. carbon),
1338 (C-N), 1233 (C-O); m.w. C13H15NO4 (m.w. 249.26) mass
m/z(%): 250.11(M+H)+.

4-(4-Chlorobenzoyl)-3,4-dihydro-2H-benzo[b][1,4]-
oxazine-2-carboxylic acid (5h) : 1H NMR: δ 3.64 (dd, J =
9.2 Hz, 3.1 Hz, 1H, -CH2-CH-), 4.52 (dd, J = 9.2 Hz, 3.1 Hz,
1H, -CH2-CH-), 5.22 (t, J = 9.2 Hz, 1H, -CH-CH2-), 6.70 (d, J
= 7.2 Hz, 2H, Ar-H), 6.78 (d, J = 7.2 Hz, 2H, Ar-H), 7.43 (d,
J = 7.8 Hz, 2H, Ar-H), 7.82 (d, J = 7.8 Hz, 2H, Ar-H), 13.24
(s, 1H, exchangeable with D2O, -COOH); IR (KBr, νmax, cm-1):
3024 (-OH acid), 3078, 2942 (C-H alkane), 1745 (C=O amide),
1634, 1582 (arom. carbon), 1330 (C-N), 1225 (C-O), 752 (C-Cl);
m.f. C16H12NO4Cl (m.w. 317.72) mass m/z(%): 318.09(M+H)+.

4-(4-Fluorobenzoyl)-3,4-dihydro-2H-benzo[b][1,4]-
oxazine-2-carboxylic acid (5i) : 1H NMR: δ 3.64 (dd, J = 9.2
Hz, 3.1 Hz, 1H, -CH2-CH-), 4.52 (dd, J = 9.2 Hz, 3.1 Hz, 1H,
-CH2-CH-), 5.22 (t, J = 9.2 Hz, 1H, -CH-CH2-), 6.70 (d, J =
7.2 Hz, 2H, Ar-H), 6.78 (d, J = 7.2 Hz, 2H, Ar-H), 7.12 (d, J =
7.8 Hz, 2H, Ar-H), 7.90 (d, J = 7.8 Hz, 2H, Ar-H), 13.24 (s,
1H, exchangeable with D2O, -COOH); IR (KBr, νmax, cm-1):
3020 (-OH acid), 3060, 2953 (C-H alkane), 1750 (C=O amide),
1644, 1588 (arom. carbon), 1328 (C-N), 1219 (C-O), 814 (C-F);
m.f. C16H12NO4F (m.w. 301.27) mass m/z(%): 302.22(M+H)+.

4-(2,4-Difluorobenzoyl)-3,4-dihydro-2H-benzo[b][1,4]-
oxazine-2-carboxylic acid (5j): 1H NMR: δ 3.64 (dd, J = 9.2
Hz, 3.1 Hz, 1H, -CH2-CH-), 4.52 (dd, J = 9.2 Hz, 3.1 Hz, 1H,
-CH2-CH-), 5.22 (t, J = 9.2 Hz, 1H, -CH-CH2-), 6.70 (d, J = 7.2
Hz, 2H, Ar-H), 6.78 (d, J = 7.2 Hz, 2H, Ar-H), 7.82 (dd, J = 7.8
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Hz, 1H, Ar-H), 7.88 (dd, J = 7.8 Hz, 1H, Ar-H), 7.91 (d, J = 7.8
Hz, 1H, Ar-H), 13.24 (s, 1H, exchangeable with D2O, -COOH);
IR (KBr, νmax, cm-1): 3064 (-OH acid), 3076, 2969 (C-H alkane),
1740 (C=O amide), 1638, 1592 (arom. carbon), 1339 (C-N),
1233 (C-O), 825 (C-F); m.f. C16H11NO4F2 (m.w. 319.26) mass
m/z(%): 320.10(M+H)+.

R E S U L T S A N D   D I S C U S S I O N

A series of compounds 5(a-j) were synthesized as depicted
in Scheme-I. The required compound 3 was synthesized by
cyclization of 2-amino phenol (1) and ethyl 2,3-dibromo propoi-

onate (2) in presence of Cs2CO3 in acetonitrile at 90 ºC for 10 h.
The cyclized compound 3 on reaction with acid chloride in
the presence of pyridine in tetrahydrofuran at 65 ºC to afford
compound 4. The compound 4 which was further hydrolyzed
using aqueous LiOH solution in methanol gave 4-aryl/alkyl
substituted 3,4-dihydro-2H-benzo[b][1,4]oxazine-2-carboxylic
acid derivatives 5(a-j) in a good to excellent yield (80-90 %)
(Scheme-I, Table-1). The representative compound 5c showed
IR absorption at 3461 cm-1 due to (-OH acid stretching ), 3063,
2955 (C-H alkane), band at 1743 cm-1 due to C=O stretching
of amide group, 1645, 1518 cm-1 indicates presence of aromatic

NH2
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Br
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N
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O R O R
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3 4 5(a-j)

5a: R = C6H5
5b: R = 4-t -butyl-C6H4
5c: R = 4-CF3C6H4
5d: R = 4-CH3C6H4
5e: R = -C(CH3)3

5f: R = -CH(CH3)2
5g: R = Cyclopropyl
5h: R = 4-ClC6H4
5i: R = 4-FC6H4
5j: R = 2,4-di-FC6H3

b

Reagents and conditions:(a) Cs2CO3, CH3CN, 90 °C, 10 h, 53 % (b) Pyridine,
R-COCl, THF, 65 °C, 2 h, 70-80 % (c) LiOH, MeOH, H2O, 0-25 °C, 2 h, 80-90 %

Scheme-I: Synthesis of 4-acyl substituted-3,4-dihydro-2H-benzo[b][1,4]oxazine-2-carboxylic acid derivatives

TABLE-1 
SYNTHESIS OF 3,4-DIHYDRO-2H-BENZO[b][1,4]OXAZINE-2-CARBOXYLIC ACID DERIVATIVES (5a-j) 

Entry Product (R) Time (h) Yield (%) m.p. (°C) 

5a 

O

N

OH

O

O

 

2.0 85 69-70 

5b 

O

N

OH

O

O

 

2.1 80 121-122 

5c 

O

N

OH

O

O

CF3

 

2.5 81 88-89 

5d 

O

N

OH

O

O

CH3

 

2.0 87 92-93 
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C-C stretching, 1332 cm-1 indicates presence of (C-N), 1230
indicates presence of (C-O). The 1H NMR spectrum of compound
5c (400MHz, DMSO-d6): δ 3.66 (dd, J = 9.2 Hz, 3.9 Hz, 1H,
-CH2-CH-), 4.45 (dd, J = 9.2 Hz, 3.9 Hz, 1H, -CH2-CH-), 5.18
(t, J = 9.2 Hz, 1H, -CH-CH2-), 6.70 (d, J = 7.2 Hz, 2H, Ar-H),
7.03 (d, J = 7.2 Hz, 2H, Ar-H), 7.64 (d, J = 8.4 Hz, 2H, Ar-H),
7.80 (d, J = 8.4 Hz, 2H, Ar-H), 13.44 (s, 1H, exchangeable
with D2O, -COOH); 13C NMR (100 MHz, DMSO): δ 40.5, 73.4,
117.3, 120.0, 122.9, 124.6, 125.6, 126.2, 128.3, 129.5, 130.3,
130.6, 131.0, 139.8, 146.9, 167.4, 170.9; m.f. C17H12NO4F3

(m.w. 351.28) mass m/z(%): 352.47(M+H)+.
Anti-tubercular activity: All the synthesized compounds

5a-j were screened for their in vitro antitubercular activity
against M. tuberculosis H37Ra with concentrations of 30, 10
and 3 µg/mL using XRMA (H37Ra). The percentage inhibition
at above concentrations was calculated and tabulated in Table-
2. Compounds 5a, 5c, 5d, 5f, 5g, 5h and 5i exhibited moderate

anti-mycobacterial potency (inhibiting >70% of mycobacterial
growth at 30 µg/mL with rifampicin as reference drug). In general,
the newly synthesized compounds showed moderate selectivity
towards M. tuberculosis H37Rastrains. The anti-tubercular data
obtained showed growth inhibition MTB can be impacted by
the introduction of a 4-isobutyryl group (5f), MIC = 10.12
µg/mL.

Antibacterial study: The anti-tubercular screening results
indicate the fact that the synthesized compounds will exhibits
antimicrobial activity. Therefore, antibacterial screening of the
synthesized compounds was conducted against four bacteria
strains (Gram-negative strains: E.coli and S.aureus; Gram-
positive strains: P. aeruginosa and B. subtilis. Compounds 5a,
5b, 5c, 5e and 5j showed higher antibacterial activity up to
7-25 µg/mL (Table-3).

Molecular docking study: Lipid rich cell wall poses a
major challenge in delivery of antimycobacterial agents in the

5e 

O

N

OH

O

O

 

2.0 86 84-85 

5f 

O

N

OH

O

O

 

2.0 83 90-91 

5g 

O

N

OH

O

O

 

2.0 86 78-79 

5h 

O

N

OH

O

O

Cl

 

2.0 89 110-111 

5i 

O

N

OH

O

O

F

 

2.5 90 117-118 

5j 

O

N

OH

O

O

F F

 

2.5 89 132-133 

aIsolated yields of the products after purification. bYields of the products in final step. cAll synthesized compounds were characterized by IR, 1H 
NMR, 13C NMR and mass spectral data. 
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TABLE-2 
ANTITUBERCULAR ACTIVITY OF COMPOUNDS  

AGAINST AVIRULENT STRAIN OF DORMANT MTBH37Ra 

% Inhibition of Mycobacterium 
tuberculosis H37Ra growth in 

presence of compounds Entry 

30 µg/mL 10 µg/mL 3 µg/mL 

IC50 MIC 

5a 89.64 79.83 77.70 10.42 15.83 
5b 22.80 14.54 11.20 > 30 > 30 
5c 87.04 88.01 84.17 11.81 17.36 
5d 80.50 68.40 22.46 18.79 > 30 
5e 18.80 11.58 20.74 > 30 > 30 
5f 88.18 86.74 89.92 5.98 10.12 
5g 86.09 37.02 15.47 19.21 > 30 
5h 70.03 79.13 39.05 24.81 > 30 
5i 84.30 70.48 81.30 14.81 28.16 
5j 16.29 19.16 13.01 > 30 > 30 

aIC50/MIC in µg/mL. Antubercular activity of each agent was 
determined by serial dose dependent dilutions. bStandard antitubercular 
drugs and positive controls. Data were expressed as the means of 
triplication. 

 
treatment of M. tuberculosis. Large number of genes encoding
various enzymes which catalyze the cell wall biosynthesis has
been reported [29]. Amongst them the panC gene, which encodes
the pantothenate synthetase (PS), remains an attractive target
due to its exclusive presence in microorganisms and absence
in humans. Pantothenate synthetase catalyzes the production
of pantothenate, a key precursor for the biosynthesis of co-
enzyme A (CoA) and acyl carrier protein (ACP). The CoA and
the ACP play a crucial role in fatty acid biosynthesis, signalling

TABLE-3 
ANTIBACTERIAL ACTIVITY OF COMPOUNDS  

AGAINST SELECTED STRAIN 

E. coli P. aeruginosa S. aureus B. subtilus 
Entry 

MIC MIC MIC MIC 
5a 22.23 17.23 19.32 >30 
5b 9.36 7.65 15.78 12.98 
5c >30 25.39 11.36 4.28 
5d >30 >30 >30 >30 
5e 18.88 14.56 23.37 28.53 
5f >30 >30 >30 >30 
5g >30 >30 >30 >30 
5h >30 >30 >30 >30 
5i >30 >30 >30 >30 
5j 7.65 5.44 9.89 14.61 

Ampicillin 1.46 4.36 1.0 10.32 
Kanamycin 1.62 0.49 >30 1.35 
aIC50/MIC in µg/mL. Antibacterial activity of each agent was 
determined by serial dose dependent dilutions. bStandard antibacterial 
drugs and positive controls. Data were expressed as the means of 
triplication. 

 
pathways [30]. In recent study, the crystal structure of pantho-
thenate synthetase with the bound ligand (2S)-2,3-dihydro-
1,4-benzodioxine-2-carboxylic acid was solved, which suggests
the inhibitors against this target can become potential agents
in the treatment of resistant type of M. Tuberculosis. The ligand
bound X-ray crystal structure of this complex (PDB:4G5F),
reveals that the residues Met40, His47 and Gln164 forms the
hydrogen bonds with the oxygen atoms of carboxylate group
and oxygen atom of dioxane ring (Fig. 2). These residues are
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Fig. 2. Key interactions of ligand/substarate at the binding site of panC, (A) interactions with 1,4-benzodioxine-2-carboxylic acid; (B)
interactions with pantoate-AMP
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also involved in making such hydrogen bonds with the key
intermediate pantoate-adenosine monophosphate (AMP) at the
binding site of panC. The neighbouring binding cavities holding
the residues which can either form hydrophobic or hydrogen
bond interactions such as Lys160, Gly46, Gly158, Asp161,
Met195 and Gln72 are also important in panC inhibiton [31,
32]. In present work, the synthesized compounds could possibly
interact with panC was also investigated through docking studies.
It is hypothesized that the additional substituent on benzoxazine-
2-carboxylic acid core ring (which closely resembles the co-
crystallized ligand benzodioxine-2-carboxylic acid) could access
these extra binding pockets and enhance the inhibitory effects.

Molecular docking: The X-ray crystal structure of panto-
thenate synthetase (panC) in complex with the ligand (2S)-
2,3-dihydro-1,4-benzodioxine-2-carboxylic acid (PDB ID:
4G5F) was retrieved from the RCSB protein data bank (http://
www.rcsb.org/pdb). The molecular docking study was carried
out with Autodock vina [33] with rigid docking protocol where
the protein structure was kept rigid and ligand structure was
kept flexible. The 2D structures of all the compounds were
drawn with MarvinSketch 5.6.0.0 which were subsequently
transformed into 3D geometry. The geometry of 3D molecules
was optimized using UCSF Chimera 1.8 [34] using combi-
nation of steepest descent and conjugate gradient geometry
search criteria until gradient converses to 0.05 and 0.001, respec-
tively. The crystal structure of panC was also optimized in order
to find correct protonation states of key residues, close contacts
in the residues and possible clashes of atoms. The crystallized
water and other non-standard residues were removed first and
the protein was subjected to energy minimization in UCSF
Chimera with Amber ff12SB force field. During docking
simulation Kollman charges and polar hydrogen were added
to protein structure. Grid box of size 16 × 16 × 16 with 1 Å
spacing and with X Y Z centres 14.823, 10.671 and 5.488 was
chosen to cover the entire binding site of protein. The docking
protocol was validated which involves testing the docking
programs ability to predict the crystallographic or experimental
pose of ligand. The spatial similarity between predicted pose
and crystallographic pose is generally measured by RMSD
value. The docking protocol is considered to be validated if
the RMSD between experimental and predicted pose is below
2 Å [35]. The synthesized compounds were docked using
validated docking protocol at the binding site of panC. Discovery
studio visualize and PoseView program [36] was utilized for
analysis of the docking results. Docking simulation results
were analyzed by comparing the binding free energy in Kcal/
mol and interactions of ligands with residues at the active site.

Number of recent investigations [29,37,38] in which the in
silico approaches were explored suggest that these approaches
are indeed helpful in design of M. tuberculosis panC inhibitors.
Thus, in present study we employed one of the structure based
design approaches namely molecular docking to investigate
the possible modes of binding of compounds under study. The
molecular docking studies though reasonably accurate require
validation of docking protocol adopted and re-docking experi-
ments. In order to validate the docking protocol the RMSD
between crystallographic and predicted pose of co-crystallized
ligand was measured which was found to be below 2 Å (Fig. 3).

Fig. 3. Docked pose of the ligand in cyan and co-crystallized ligand in green

The residues Met40, His47 and Gln164 are key residues
in the formation of hydrogen bonds with the ligand hydrogen
bond donors and acceptors. Few other residues are involved
in hydrophobic interactions such as Val143, Lys160, Gly46,
Gly158, Asp161, Met195 and Gln72. These interactions are
possibly responsible for the inhibitory potential of the panC
inhibitors and to understand the possible mode of inhibition
of panC the molecular docking study was carried out. All the
compounds under study and the co-crystallized ligand were
successfully docked into the binding site panC. The compounds
were found having varying degrees of affinity and varying
mode of non-bonded interactions between ligand heteroatoms
and nearest residues were observed at the binding site of the
ligands. The estimated free energy of binding in Kcal/mol and
the key interacting residues are presented in Table-4. Autodock
vina program gives the estimates of free energy of binding
from the systems intermolecular energy (sum of van der Waal’s,
hydrogen bond, desolvation and electrostatic energies), total
internal energy, torsional free energy and unbound system’s
energy.

TABLE-4 
ESTIMATED BINDING FREE ENERGY AND INTERACTIONS 

Key interactions 
Entry EFEB Hydrogen bond 

interaction 
Hydrophobic interaction 

L -6.5 Met40, His47, Gln164 Val143, Pro38 
5a -9.5 Met40, Tyr82 His47, Lys160 
5b -7.6 Lys160, Tyr82 Met40, His44, Asp161 
5c -9.4 Lys160, Gln72 Tyr82, Met40, His44 
5d -8.3 Lys160, Tyr82 His44, Asp161, Met40 
5e -7.8 Ser196, Lys160 His44, Asp161, Met40 
5f -9.6 Ser196, Lys160 Asp161, His44 
5g -8.4 Ser196, Lys160 Met40, His47, Asp161, 

His44 
5h -8.2 Lys160, Tyr82, Asp161 His44, Met40, Val142 
5i -8.5 Lys160, Tyr82, Asp161 His44, Met40 
5j -7.9 Met40, Tyr82 His44, Lys160, Gln164 

L = Co-crystalized ligand; EFEB = Estimated free energy of binding 
(Kcal/mol) 

 
The docking studies clearly suggest the role of hydrogen

bond formation with key residues such as Lys160, Met40,
Tyr82, Asp161 and Gln72. The hydrophobic π-π stacking inter-
actions with some residues such as His47, Gln164 and Val142
are also crucial. The estimated free energy of binding in Kcal/
mol is in the range -7.6 to -9.6, whereas the free energy of
binding for co-crystalized ligand is -6.5 Kcal/mol. This suggests
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that the compounds under study have better affinity at the
binding site compared to the co-crystallized ligand. The lower
binding free energy in the compounds may be attributed to
the hydrogen bond formation and hydrophobic interactions.
The compounds 5a, 5c and 5f with free energy of binding
lower than -9.0 Kcal/mol binds more favourably at the binding
site of panC as compared to other compounds. Specifically,
the compound 5f with free energy of binding -9.6 Kcal/mol is
indeed found more active in docking study as well as in the in
vitro antitubercular screening. Fig. 4 shows the interactions
produced at the binding site of panC with some more active
compounds 5a and 5f and less active compounds 5b and 5e.
In most of the compounds the oxygen of benzoxazine ring act
as a hydrogen bond acceptor and the carboxylic acid group
also form hydrogen bonds with carboxylate oxygen. The substi-
tuent on the nitrogen atom of benzoxazine ring was found
involved in either hydrogen bond formation or hydrophobic
interaction. The docking results are in good agreement with
in vitro antitubercular screening. The key interactions observed
in docking study are shown in Fig. 3.

Conclusion

In conclusion, a series of 4-aryl/alkyl substituted-3,4-
dihydro-2H-benzo[b][1,4]oxazine-2-carboxylic acid deriva-
tives is synthesized and screened of their antitubercular and
antibacterial activity. The synthesized compounds were charac-
terized and confirmed by spectral data. The docking results
are in good agreement with in vitro antitubercular screening.
The compounds 5a, 5c and 5f with free energy of binding
lower than -9.0 Kcal/mol binds more favourably at the binding
site of panC as compared to other compounds. Specifically,
compound 5f with free energy of binding -9.6 Kcal/mol is
indeed found more active in docking study as well as in the
in vitro antitubercular screening. The synthesized compounds

Fig. 4. Interactions observed in docking studies for compounds under study

were screened for anti-tubercular and antimicrobial studies.
Compounds 5a, 5c and 5i were found good anti-tubercular
against Mycobacterium tuberculosis H37Ra Mycobacterium
bovis BCG strains but compound 5f shows a excellent anti-
tubercular potential. Compounds 5a, 5b, 5c, 5e and 5j showed
higher antibacterial activity up to 7-25 µg/mL.
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