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INTRODUCTION

Several biochemical reactions generate reactive oxygen
species (ROS) in human body and these are capable of damaging
crucial bio-molecules. These undesired species may lead to a
number of diseases like cerebrovascular disease', cancer?, arter-
iosclerosis®*, atherosclerosis, heart disease, senility, aging,
behcet's disease, crohn's disease, cataracts,sunburn, ulcers,
osteoporosis, theumatoid arthritis, diabetes mellitus, emphy-
sema, stroke>®. Considerable attention is being given these days
to the exploration of possible therapeutic antioxidant molecules
in controlling degenerative diseases associated with marked
oxidative damage’”.

In continuation of our work on the synthesis of antioxidant
benzothiazines'®!", we here report the synthesis of methyl-4-
hydroxy-2H-2 alkyl-1,2-benzothiazine-3-carboxylate-1,1-di-
oxides and their derivatives. Cyclic sulfonamides (sultams)
are considered important and useful heterocycles due to their
enormous potential as pharmaceutical and agricultural agents'?,
chiral auxiliaries' and therapeutic compounds'. Among these,
1,2-benzothiazine-1,1-dioxide derivatives got enough signifi-
cance'™"” due to their applications as antiinflammatory'®, anti-
cancer'’, analgesic®, antilukemic?', antimicrobial® and anti-
pyretic* agents. Besides, some of their derivatives have also
been reported as metal chelators®. According to the literature,
most of the work on methyl-4-hydroxy-2H-1,2-benzothiazine-
3-carboxylate-1,1-dioxide nucleus has been carried out at its
3-position by reacting the ester group with amines to get corres-
ponding amides e.g., antiinflammatory drugs like piroxicam?®
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An easy synthesis of a series of N-alkyl-1,2-benzothiazine-1,1-dioxide derivatives from commercially available saccharine is reported in |
order to explore their antioxidant potential. The newly synthesized compounds were characterized by spectroscopic techniques (FT-IR, |
NMR, MS) and single crystal X-ray diffraction analyses. All the synthesized compounds were screened for their DPPH and FRAP

and meloxicam® (Fig. 1) or its hydrazinolysis followed by
intramolecular cyclization to pyrazoles''. It is interesting to
note that not much attention has been given on the synthesis
of a series of N-alkyl derivatives of methyl 4-hydroxy-2H-
1,2-benzothiazine-3-carboxylate-1,1-dioxide.
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Fig. 1. Structures of some well known oxicam drugs

In the present study, antioxidant activities (DPPH and FRAP)
of a number of N-alkyl derivatives of methyl-4-hydroxy-2H-
1,2-benzothiazine-3-carboxylate-1,1-dioxide have been
discussed. For the reason, a series of such compounds has
been synthesized; first through multi-step procedure and
secondly by one pot synthetic methodology with improved
overall yields and lesser reaction times (Table-1, Scheme-I).

EXPERIMENTAL

All the chemicals were purchased from E. Merck, BDH
or Fluka and used without purification. However, solvents were
purified through distillation. 'H and “C NMR spectra were
recorded on a varian AM400 instrument. Chemical shifts are
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Scheme-I: Lay out for the synthesis of N-substituted derivatives of methyl—4—hydr0xy—2H—l,2—benzothlazme—3—carboxylate-1,1—d10x1de

TABLE-1
COMPARATIVE YIELDS OF SYNTHESIZED
DERIVATIVES IN TWO METHODS

Comp. Yield (%)
Entry No. R Multi-step One pot
synthesis (overall) synthesis
1 4a  iso-Propyl 64 83
2 4b  n-Butyl 67 89
3 4c  1-Butenyl 65 86
4 4d  n-Pentyl 59 84
5 4e  1-Pentenyl 66 89
6 4f  Benzyl 62 87
7 4g  2-Phenylethyl 65 85
8 4h  3-Phenylpropyl 58 88
9 4i  2-Methoxy-2-oxoethyl 67 86
10 4j  2-Ethoxy-2-oxoethyl 62 92

reported in ppm referenced to the residual solvent signal. FT-
IR spectra were recorded on a Perkin-Elmer 1600-FT spectro-
meter. Mass spectra were recorded on Agilent 5973N instru-
ment using EI mode. Melting points were recorded on a electro-
thermal (Griffin 1090) melting point apparatus and are uncor-
rected. X-Ray diffraction data were collected at 100 (2) K on
a Siemens SMART three-circle X-ray diffractometer equipped
with an APEX II CCD detector (Bruker-AXS) and an Oxford
cryosystems 700 cryostream, using MoK, radition (0.71073
A) source and a graphite monochromator and the data were
corrected for Lorentz and polarization effects and for absorption
using multi-scan method*"?,
Methyl-2-(1,1,3-trioxo-2,3-dihydro-1,2-benzothiazol-
2-ylacetate (2): A mixture of methyl chloroacetate (3.95 g,
36.56 mmol) and sodium saccharin (1) (7.49 g, 36.56 mmol)
in dimethyl formamide (40 mL) was heated at 60 °C for 0.5 h.
The contents of the reaction mixture was cooled to room tempe-
rature and poured into ice cold water (250 mL), white solid
produced was filtered and washed with water. The solid was
dried to produce (2) as a white powder; yield: 89 %; m.p. 116-
117 °C. IR (KBr, Vinax, cm™): 1752, 1677, 1342, 1182, 'HNMR:
(400 MHz) (CDCl5) 8: 7.76 -7.82 (4H, aromatic), 4.43 (2H, s,
CH.>), 3.79 (3H, s, OCH3); MS (E/I) m/z: 255 [M"].
Methyl-4-hydroxy-2H-1,2-benzothiazine-3-carboxy-
late-1,1-dioxide (3): Methyl-2-(1,1,3-trioxo-2,3-dihydro-1,2-
benzothiazol-2-yl)acetate ester (2) (2.30 g, 100 mmol) was
added to the solution of sodium methoxide, prepared by
refluxing the sodium metal (0.92 g, 40.0 mmol) in methanol
(15 mL) under N, and heated at 55 °C until the appearance of
precipitates. The contents were poured on ice cold water
mixture and pH adjusted to about 3 using HCI (15 %). The
orange slurry produced was poured into conc. HCI (20 mL).
The precipitates obtained were filtered off, washed with water,
dried and recrystallized from methanol by slow evaporation

to get ester (3). Yield: 78 %; m.p. 172-173 °C. (Lit m.p. 172
°C)?. IR (KBTI, Oy, cm’™): 3192, 1665, 1349, 1163; '"H NMR:
(400 MHz) (CDCl;) &: 12.31 (1H, s, OHenoic), 8.14 (1H, brs,
NH) 7.75 -7.82 (4H, aromatic), 4.11 (3H, s, OCH;); MS (E/I)
m/z: 255 [M*].

General procedure for the synthesis of N-alkyl deriva-
tive of methyl-4-hydroxy-2H-1,2-benzothiazine-3-carboxy-
late-1,1-dioxide: A solution of methyl-4-hydroxy-2H-1,2-
benzothiazine-3-carboxylate-1,1-dioxide (3) (100 mmol) in
DMF (5 mL) was added to n-hexane washed suspension of
sodium hydride (200 mmol of 64 %). The reaction mixture
was stirred for 0.5 h followed by the addition of alkyl bromide
(120 mmol) and the resulting mixture was allowed to stir at
room temperature for 2-3 h for a-j. Contents were poured over
crushed ice and pH was adjusted to 2 using 1 N HCI. Preci-
pitates obtained were filtered, washed with water and dried to
get the corresponding product.

One pot synthesis of N-alkyl derivatives of methyl-4-
hydroxy-2H-1,2-benzothiazine-3-carboxylate-1,1-dioxide:
To a three neck round bottom flask, fitted with a mechanical
stirrer, nitrogen inlet and a vent, a mixture of methyl chloro-
acetate (6.32 g, 5.84 mmol), sodium saccharin (I) (8.00 g,
3.74 mmol) and dimethyl sulfoxide (20 mL) was heated on a
water bath. After 20 min, reaction mixture was cooled to 25 °C
and sodium methoxide (2.4 g; 4.32 mmol) was added to it
with constant supply of nitrogen (10 mL min™"). The contents
were kept stirred for 10 min and the temperature was main-
tained at 0 °C followed by addition of sodium hydride (3.76 g,
7.84 mmol). After 10 min, temperature of the reaction mixture
was again maintained at 20 °C followed by drop wise addition
of alkyl bromides (6.72 mmol). Contents were poured over a
mixture of crushed ice (100 g) and concentrated hydrochloric
acid (10 mL) after stirring for a period of 15 min. The preci-
pitates obtained were filtered and dried.

Methyl-4-hydroxy-2-(propan-2-yl)-2H-1,2-benzothia-
zine-3-carboxylate-1,1-dioxide (4a): White powder; yield:
83 %; m.p. 100-101 °C. IR (KBr, Vina, cm’™): 3486, 1659, 1375,
1150; '"HNMR: (400 MHz) (CDCls) &: 12.12 (1H, s, OHcnoiic),
8.06 (1H, d, aromatic), 7.87 (1H, d, aromatic), 7.68 (2H, t,
aromatic), 3.93 (3H, s, CH3), 3.03 (1H, m, CH), 1.09 (6H, d,
CH,); MS (E/T) m/z: 297.09 [M*].

Methyl-2-butyl-4-hydroxy-2H-1,2-benzothiazine-3-
carboxylate-1,1-dioxide (4-b): White powder; yield: 89 %;
m.p. 78 °C. IR (KBTI, Vo, cm™): 3442, 1654, 1344, 1176; 'H
NMR: (400 MHz) (CDCl;) &: 12.10 (1H, s, OHenoric), 8.04 (1H,
d, aromatic), 7.85 (1H, d, aromatic), 7.70 (2H, m, aromatic),
3.95 (3H, s, CHs), 3.48 (2H, q, =CH>), 1.19 (2H, m, =CH,),
1.08 (2H, m, CH»), 0.74 (3H, t, CH3); MS (E/l) m/z: 311.07
[M"].
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Methyl-2-(but-3-en-1-yl)-4-hydroxy-2H-1,2-benzo-
thiazine-3-carboxylate-1,1-dioxide (4-c): White powder;
yield: 86 %; m.p. 66-68 °C. IR (KBT, Viax, cm™): 3472, 1658,
1346, 1176; 'H NMR: (400 MHz) (CDCl;) &: 12.12 (1H, s,
OHenoie), 8.03 (1H, d, aromatic), 7.86 (1H, d, aromatic), 7.72
(2H, m, aromatic), 5.49 (1H, m, =CH), 4.79 (2H, m, =CH,),
3.95 (3H, s, OCHs), 1.98 (2H, m, CH,); MS (E/I) m/z: 309.08
[M™].

Methyl-4-hydroxy-2-pentyl-2H-1,2-benzothiazine-3-
carboxylate-1,1-dioxide (4d): White powder; yield: 84 %;
m.p. 73-74 °C. IR (KBT, Vimax, cm™): 3465, 1656, 1354, 1178,
'H NMR: (400 MHz) (CDCls) 8: 12.18 (1H, s, OH.noiic), 8.05
(1H, t, aromatic), 7.83 (1H, t, aromatic), 7.69 (2H, m, aromatic),
3.94 (3H, s, OCH;), 3.27 (2H, t, CH,), 1.22 (2H, m, CH),
1.02 (2H, m, CH,), 0.70 (3H, t, CH3); MS (E/I) m/z: 325.11
[M™].

Methyl-4-hydroxy-2-pentenyl-2H-1,2-benzothiazine-
3-carboxylate-1,1-dioxide (4e): White powder; yield: 89 %;
m.p. 70-71 °C. IR (KBT, Vi, cm™): 3452, 1665, 1349, 1176;
'H NMR: (400 MHz) (CDCl;) 8: 12.18 (1H, s, OHenoiic), 8.08
(1H, t, aromatic), 7.85 (3H, m, aromatic), 5.58 (1H, m, =CH),
4.87 (1H, d, =CH,), 4.83 (1H, d, =CH,), 3.92 (3H, s, OCHs),
3.46 (2H, t, CH»), 1.81 (2H, m, CH,), 1.33 (2H, m, CH,); MS
(E/M) m/z: 323.06 [M*].

Methyl-2-benzyl-4-hydroxy-2H-1,2-benzothiazine-3-
carboxylate-1,1-dioxide (4f): Colourless crystals. Yield 87
%; m.p. 148-150 °C. IR (KBr, Vpay, cm™): 3439, 1648, 1362,
1177; '"H NMR: (400 MHz) (CDCl3) 8: 12.04 (1H, s, OH.poiic),
7.74 (1H, d, aromatic), 7.65 (1H, d, aromatic), 7.56 (2H, t,
aromatic), 6.98 (3H, m, aromatic), 6.88 (2H, d, aromatic), 4.65
(2H, s, CH,), 3.94 (3H, s, OCH3); MS (E/I) m/z: 345.08 [M*].

Methyl-4-hydroxy-2-(2-phenylethyl)-2H-1,2-
benzothiazine-3-carboxylate-1,1-dioxide (4g): Colourless
crystalline; yield: 85 %, m.p. 107-108 °C. IR (KBTI, Vinux, cm’'):
3452, 1653, 1368, 1179; 'H NMR: (400 MHz) (CDCls) &:
12.08 (1H, s, OHepoiic), 8.04 (1H, d, aromatic), 7.87 (3H, m,
aromatic), 7.10 (3H, m, aromatic), 6.96 (2H, d, aromatic), 3.97
(3H, s, OCHa), 3.80 (2H, t, CH»), 2.58 (2H, t, CH,); MS (E/)
m/z: 359.07 [M*].

Methyl-4-hydroxy-2-(3-phenylpropyl)-2H-1,2-
benzothiazine-3-carboxylate-1,1-dioxide (4h): Colourless
crystalline; yield: 88 %; m.p. 76-77 °C. IR (KBT, Vi, cm™):
3441, 1651, 1358, 1181; 'H NMR: (400 MHz) (CDCls) &:
12.78 (1H, s, OHepoiic), 7.98 (1H, d, aromatic), 7.87 (3H, m,
aromatic), 7.01 (3H, m, aromatic), 6.87 (2H, d, aromatic), 3.93
(3H, s, OCHs), 3.46 (2H, t, CH»), 2.61 (2H, t, CH,), 1.51 (2H,
m, CH,); MS (E/I) m/z: 373.10 [M*].

Methyl-4-hydroxy-2-(2-methoxy-2-oxoethyl)-2H-1,2-
benzothiazine-3-carboxylate-1,1-dioxide (4i): Colourless
crystalline; yield: 86 %; m.p. 108-110 °C. IR (KBTI, Vinux, cm’'):
3485, 1661, 1364, 1176; 'H NMR: (400 MHz) (CDCls) &:
12.15 (1H, s, OHeoiic), 8.08 (1H, d, aromatic), 7.82 (3H, m,
aromatic), 4.45 (2H, s, CH»), 3.96 (3H, s, OCH;), 3.35 (3H, s,
OCHs;); MS (E/T) m/z: 327.04 [M*].

Methyl-2-(2-ethoxy-2-oxoethyl)-4-hydroxy-2H-1,2-
benzothiazine-3-carboxylate-1,1-dioxide (4j): Colourless
crystalline; yield: 92 %; m.p. 95-96 °C. IR (KBT, Vi, cm™):
3479, 1665, 1372, 1187; 'H NMR: (400 MHz) (CDCls) &:
12.09 (1H, s, OHeoiic), 8.11 (1H, d, aromatic), 7.84 (3H, m,

aromatic), 4.43 (2H, s, CH»), 4.16 (2H, q, CH»), 3.92 (3H, s,
OCHs;), 1.18 (3H, t, CH3); MS (E/T) m/z: 341.04 [M*].

Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay: DPPH solution (3 mL, 25 mg L") in methanol was
mixed with appropriate volumes of neat or diluted sample
solutions. The reaction progress of the mixture was monitored
at 515 nm over a time period till TECs, was obtained. Upon
reduction, the colour of the solution faded. The percentage of
the DPPH remaining was calculated as®:

DPPH ., (%)= [DPPHlrem 100
[DPPH],_,

A Kkinetic curve showing the scavenging of DPPH radical
in terms of decrease in absorbance at 593 nm as a function of
time (min) was plotted for each fraction of the samples. ECs,
the concentration that causes a decrease in the initial DPPH
concentration by 50 % and TECs, the time needed to reach
the steady state with ECsy concentration were calculated from
the kinetic curve.

Ferric reducing antioxidant power (FRAP) analysis:
The reducing capacity of synthetic compound was measured
according to the method of Benzie and Strain®. Freshly prepared
FRAP solution contained 25 mL of 300 mM acetate buffer
(pH 3.6), 2.5 mL of 10 mM TPTZ solution in 40 mM HCl
solution and 2.5 mL of 20 mM ferric chloride solution. The
mixture was incubated at 37 °C throughout the monitoring
period. 3 mL of FRAP reagent was mixed with 100 puL of
sample and 300 pL of distilled water. Absorbance readings
were taken at 593 nm after every minute for 6 min. Results
were compared with standard curve of ferrous sulfate.

RESULTS AND DISCUSSION

The synthesis of the target molecules was accomplished
starting from commercially available sodium saccharin as a
sweetening agent. Synthesis of this nucleus involves a base
catalyzed isomerization of methyl-1,2-benzothiazoline-3(2H)-
one-2-acetate-1,1-dioxide to the 1,2-benzothiazine nucleus
analogous to Gabriel-Colman rearrangement®' as reported by
Abe® and later improved by Lomberdino et al.**; there are
other approaches for its synthesis including a patent filed by
Unverferth* transforming the methyl-2-{[(2-methoxy-2-
oxoethyl)amino]sulfonyl }benzoate to the corresponding 1,2-
benzothiazine. On the other hand, Pétek® reported a detailed
study of the Dieckmann condensation of the former to the
later using different bases. In the current studies, the whole
reactions were tried to be carried out in one pot fashion under
continuous nitrogen flow achieving an overall yield of 83-
92 % and are compared with multi-step synthesis carried out
by literature procedures™. Spectroscopic studies like FT-IR,
'H NMR and MS were used to identify the intermediates and
final products. X-Ray crystallographic analysis has also been
employed to study the various interactions and their three
dimensional arrangement in the molecules.

Single crystal X-ray crystallography of methyl-2-
benzyl-4-hydroxy-2H-1,2-benzothiazine-3-carboxylate-
1,1-dioxide (4f): All the non-hydrogen atoms were refined
with anisotropic displacement parameters. The aromatic and
aliphatic hydrogen atoms were positioned geometrically and
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TABLE-2
CRYSTALLOGRAPHIC DATA AND STRUCTURE REFINEMENT DETAILS OF 4f
Empirical Formula C;H;sNO;S Formula Weight 345.36
Temperature (K) 296(2) Wavelength A) 0.71073
Crystal system Monoclinic Space group P2(1)/c
a(A) 9.492 (15) a () 90.00
b(A) 10.961 (17) B (%) 99.758(2)
¢ (A) 15.050 (23) 6) 90.00
Volume (A% 1543.12 (7) Z, Calculated density (g cm™) 4,1.49
F(000) 719.9 Absorption coefficient (mm™) 0.238
Crystal size (mm) 0.43 x0.25 x 0.19 Range for data collection (°) 2.2t028.4
R(int) 0.0331 Reflection collected/unique 13430/3719
Completeness to 6 99.7 % (26) Absorption correction Multi-scan
Goodness-of-fit on F? 1.063 Data/restraints/parameters 3719/0/222
treated as riding atom over their parent carbon atoms. Crystallo- 301
graphic data and refinement details are given in Table-2. 25
With the interest to study geometrical behaviour of the o 20
molecules of the series, compound 4f was crystallized and =
studied by single crystal X-ray crystallography (Fig. 2). E 151
£ 10
& c6 G 7O 0
o1 c2 4a  4b 4c  4d  de  4f 4 4h 4 4
“ cl Fig. 3. A plot showing the antioxidant activity of synthetic compounds

Fig. 2. ORTEP diagram for 4f with the thermal ellipsoids drawn at 50 %
probability level

Its crystal structure showed that the benzyl ring is attached
to the thiazine ring system in such a way that the planer phenyl
ring C11/C12/C13/C14/C15/C16 is oriented at dihedral angles
of 44.52 (0.03)° and 51.43 (0.03)° with respect to the planar
benzene ring C1/C2/C3/C4/C5/C6 and envelope shaped
thiazine nucleus C1/C6/C7/C8/N1/S1, respectively. The dihedral
angle between the two fused rings C1/C2/C3/C4/C5/C6 and
C1/C6/C7/C8/N1/S11is 11.67 (0.06)°. The O---H---O intramole-
cular hydrogen bonding interaction in the molecule is found
which explain the enolic behaviour of the molecule.

Antioxidant assay: The results of antioxidant activity and
the list of tested compounds using DPPH and FRAP method
is presented in Figs. 3 and 4, respectively in comparison with
that of reference compounds trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) and BHA (butylated
hydroxyanisole). The findings of this study have revealed that
most of the derivatives have shown antioxidant activities.
According to the FRAP method, compound 4i has shown maxi-
mum antioxidant activity while 4h has shown the minimum
activity. Compounds 4i and 4j exhibited almost same activities;
both of these derivatives have lone pair containing oxygen

(4a-j) measured by FRAP method

—a—4b —a—4c —x—4d —*—4e —o—4f

—=—4h

—e—4a
—a— Trolox —a—BHA

—=— 4

—o—4j

——4g
120
100 s
80 A
60 -
40
20 A

0 T T T T T T 1
0 5 10 15 20 25 30
Time (s)

DPPH remaining (%)

Fig. 4. Percentage DPPH remaining values of the compounds (4a-j) as a
function of time (s)

atom in the n-alkyl groups. Compounds 4a-g have interme-
diate activity as all these derivatives have been alkylated with
alkyl groups having no lone pair containing atom in their
structure.

According to the results of the DPPH assay, compound
4c exhibited the best activity than the standard antioxidants
(BHA and trolox); compound 4e exhibited good activity.
Compounds 4i and 4j has also shown good activity while other
derivatives have moderate activity. From these observations,
it can be concluded that the derivatives which have lone pair
containing atoms and 7 bonds in their n-alkyl groups have
good antioxidant activity while aromatic ring and simple
aliphatic alkyl group containing no hetero atoms has no
prominent affect on overall activity of the compounds.

Conclusion

Synthesis of N-alkyl derivatives of methyl-4-hydroxy-2H-
1,2-benzothiazine-3-carboxylate-1,1-dioxide has been re-
ported in a straight forward and convenient one step strategy
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with over all good yields of the target N-substituted molecules.
These molecules have been synthesized in order to find out
their antioxidant potential. The results of antioxidant activity
have revealed that groups with heteroatoms and 7 bonds have
shown good antioxidant activities while aromatic ring has no
prominent affect on it.
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