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Abstract
4H-1,4-Benzothiazines constitute an important class of heterocycles containing 1,4-

thiazine ring fused to benzene. As a part of an ongoing programe in the development of novel
synthetic methodology for the preparation of biologically active substances, we had been
interested in the synthesis of various thiazine ring containing heterocyclic structures because

they are the integral part of many naturally occurring and biologically active compounds.
Key Words - 4H-1,4-Benzothiazine, 2-aminobenzenethiol, 4H-1,4-Benzothiazines.

4H-1,4-Benzothiazine (1) is an analog of phenothiazine (I1) replacing an o-phenylene
group by an ethylene linkage in phenothiazine. It have structural resemblance with

phenothiazines in having fold along N-S axis.

H H

II

4H-1,4-Benzothiazine derivatives exhibit a wide range of pharma-cological and
biological activities including antifungal, immune-stimulating, anti-aldoso-reductase, anti-
rheumatic, anti-allergic, vasore-laxant, anti-arrhythmic, neuroprotective, cytotoxic, anti-
parasitic, anti-bacterial, antiviral, antioxidant, anti-inflammatory, anti-hypertensive, anti-
anginal drug, antidepressant, anti-tumor, anti-pyretic, diuretic and anti-tubercular activities etc'-
11 These properties indicate that 1,4-benzo-thiazine is a template that may be potentially useful

in medicinal chemistry and therapeutic applications!2. 1,4-Benzothiazine derivatives also have
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application in areas including dyestuff and photography. Their normal preparation route
involves either lachrymatory halo organic substrates or toxic and expensive solvents!® 20, In
view of multifarious applications of these bioactive thiazine derivatives, our main aim is to
develop environmentally benign and eco-friendly method for synthesis of 4H-1,4-benzothiazine
derivatives?:28, Microwave assisted synthesis of 4H-1,4-benzothiazine has been reported by

many workers?*-3
The literature methods for the synthesis of 4H-[1,4]-benzothiazines are reviewed below-

(1). 4H-1,4-Benzothiazines have  been  prepared Dby the reaction  of
2-aminobenzenethiol with ethyl 2-chloroacetoacetate in ethano3+%
(scheme 3.1).

@) CHs
NH2 \ 4 |

C N CHs
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CH

SH S COOC2Hs
Cl COOC3Hs

(Scheme: 3.1)

2. The reaction of 2-aminobenzenethiol ~ with'  a-cyano-o -thiomethyl-
acetophenone in the presence of dimethylsulfoxide® at 110°C  has
yielded 2,3-disubstituted-4H-1,4-benzothiazine (scheme 3.2).

H
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(Scheme: 3.2)

(3). The Reaction of 2-aminobenzenethiol with acetylenic nitriles/esters®” yield 4H-1,4-

benzothiazines (scheme 3.3).
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(Scheme: 3.3)

(4).  4H-14-Benzothiazines  have  been  prepared by the reaction of
2-aminobenzenethiols with cyclohexane-1,3-dione and its deri-

vatives in dimethyl sulfoxide®® (scheme 3.4).

|
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SH S
o

(Scheme:
3.4)

(5). N-Substituted-1,4-benzothiazines®® have been synthesized by  the
reaction of sodium salt of N-substituted-2-aminobenzenethiols

with B-bromoketones (scheme 3.5).

T R
0] R2
NH \C/ ,L R2
| NaOH
+ s E—— |
- 4 H
S R1
SNa ; r/ N\ g1

(Scehme: 3.5)

(6).  4H-1,4-Benzothiazines***’  have  been  synthesized by the  conde-
nsation of 2-aminobenzenethiol with B-ketoesters/p-diketones in
DMSO (scheme 3.6).
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(Scheme: 3.6)

(7). A rapid, solvent free synthetic strategy for the oxidative cyclocon-
densation of 2-aminobenzenethiol and 1,3-dicarbonyls using a
catalytic amount  of hydrazine hydrate has been developed in
order to obtain 2,3-disubstituted-1,4-benzothiazines* in high

yield (scheme 3.7).
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(Scheme: 3.7)
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Generally 1,4-benzothiazines were being synthesized by the reaction of  2-
aminobenzenethiol with o -haloketones/ a-haloesters but the lachrymatory nature of the latter
was the main drawback of that method. Latterly slightly improved method is being used by
which 1,4-benzo-thiazines are prepared by oxidative condensation of substituted
2-aminobenzenethiol with B-diketones/p-ketoesters in presence of DMSO. The latter is an
aprotic dipolar solvent which acts as solvent and oxidant. It has several unfavourable properties
and the product is difficult to separate out from it. Therefore, this method needs to be improved.
Mechanism of the reaction of substituted 2-aminobenzenethiols with B-diketones/ 3-ketoesters
reveals that the reaction proceeds in two steps. In the first step DMSO oxidizes 2-
aminobenzenethiols* to the corres-ponding disulfides derivatives and the latter condense with
B-diketones/ B-ketoesters yielding 4H-1,4-benzothiazines in the second step. From the literature
survey it was observed that 2-aminobenzenethiols can be oxidized easily by hydrogen
peroxide®, DMSO-iodine®, thallium acetate®?, sodium perborate®, mixture of NO, and NO3>

and even environmental oxygen on standing in presence of small amount of base®.

The literature survey®® also reveals that benzenethiols are uncreative but in presence of
catalytic amount of hydrazine hydrate and environmental oxygen at room. temperature a
quantitative amount of disulfide is obtained. In present investigation keeping this fact in mind
a new method was developed in which the condensation of substituted 2-aminobenzenethiols
was carried out with B-diketones/ [-ketoesters in presence of catalytic amount of hydrazine
hydrate in air. The reaction was accelerated by microwave irradiation under solvent free

conditions in presence of an energy transfer agent DMF to get 4H-1,4-benzothiazine derivatives.

EXPERMENTAL

All the melting points are uncorrected. The purity of the compounds was checked on thin
layer of silica gel in various non-aqueous solvent systems. Infrared spectra of all the synthesized
compound have been scanned in KBr on Shimadzu FTIR Affinity-1 and their NMR spectra
were scanned on Varian Gemini 400 spectrometer (300 MHz) using TMS as an internal
standard. The mass spectra were recorded on Jeol SX 102 spectrometer at 70 eV. The reactions
were carried in domestic microwave oven. All the analytical and physical data of the synthesized

compounds are in good agreement with their literature®-8 values.
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1. Synthesis of substituted 2-aminobenzenethiols

Synthesis of substituted 2-aminobenzenethiols required for the preparation of 4H-1,4-

benzothiazines has been given in part (A) of chapter-2.

2. Synthesis of substituted 4H-1,4-benzothiazines

A mixture of substituted 2-aminobenzenethiol (10 mmol), catalytic amount of hydrazine
hydrate (1 mmol) and DMF (5 mmol) as an energy transfer medium was exposed to microwave
irradiation for 30 sec. Now add B-diketone/p-ketoester (10 mmol) to the reaction mixture and
again exposed to the microwave irradiation intermittently at 30 seconds for 3 min. After
completion of reaction as monitored by TLC, the reaction mixture was cooled and transferred
to crushed ice. The solid separated out was filtered, washed with 50% ethanol and crystallized

from ethanol (Scheme 3.8).

NH2 e
NH2NH2-H2.0 A
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(Scheme: 3.8)
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In present investigation following 4H-1,4-benzothiazines have been synthesized:
(1) . 7-Ethoxy-2-ethoxycarbonyl-3-methyl-4H-1,4-benzothiazine.

(2). 2- Ethoxycarbonyl-7-methoxy-3- methyl-4H-1,4-benzothiazine.

(3). 2-Benzoyl-7-methoxy-3-phenyl-4H-1,4-benzothiazine.

(4). 2- Ethoxycarbonyl-3,7-dimethyl-4H-1,4-benzothiazine.

(5). 2- Benzoyl-7-methyl-3-phenyl-4H-1,4-benzothiazine.

(6) . 7-Chloro-2-ethoxycarbonyl-3-methyl-4H-1,4-benzothiazine.

(7). 2-Benzoyl-7-chloro-3-phenyl-4H-1,4-benzothiazine.

(8). 2-Benzoyl-7-chloro-3-methyl-4H-1,4-benzothiazine.

(9). 2-Benzoyl-3,7-dimethyl-4H-1,4-benzothiazine.

Physical and spectral data of the synthesized 4H-1,4-benzothiazines :
(1). 7-Ethoxy-2-ethoxycarbonyl-3-methyl-4H-1,4-benzothiazine.

Molecular Formula : C14H1703NS

0
I

HsC20 C
SOC3Hs
CHs

H

Yield:70%, M.P. 103°C

IR (KB, vimax, cm™): 3410 (N-H), 1685 (>C=0), 1460, 1350 (C-CHjs), 1230, 1035 (C-O-C), 855,
835 (adj. 2H in ring), 3000 (C-H aliph.);

'H NMR (CDCly) 6: 6.85-6.3 (3H, m, Ar.), 4.10 (2H, g, CH, at C-2), 1.20 (3H, t, CH3 at C-2),
2.2 (3H, s, CHz at C-3), 3.95 (2H, g, CH; at C-7), 1.40 (3H, t, CHz at C-7), 8.75 (1H, s, N-H);
MS( m/z): 279 (M*), 278 (M*-H), 251 (M*-C3H,), 250 (M*-C3Hs), 233 (M*-C,HsOH), 234
(M*-OC;Hs), 222 (M*-COC;Hs), 205 (M*-C,Hs0H, CO).

Anal. Calculated (%) for C14H1703NS: C, 60.21; H, 6.09; N, 5.01. Found (%): C, 60.11; H ,
6.08; N, 5.02.
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(2). 2- Ethoxycarbonyl-7-methoxy-3- methyl-4H-1,4-benzothiazine.

Molecular Formula : C13H1505NS

0
I

H3CO C
0CHs
CHs

H

Yield:65%, M.P. 119°C

IR (KBr, vmax, cm™): 3340 (N-H), 1685 (>C=0), 1465, 1340 (C-CHj3), 1245, 1035 (C-0-C),
850, 820 (adj. 2H in ring);

'H NMR (CDCl)é: 6.8-6.4 (3H, m, Ar.),3.95 (2H, g, CH; at C-2), 2.25 (3H, s, CH3 at C-3),
1.25 (3H, t, CHs at C-2), 4.4 (3H, s, O-CHs), 8.8 (1H, s, N-H);

MS( m/z): 265 (M*), 264 (M*-H), 235 (M*-CH,0), 206 (M*-CH0, C;Hs), 178 (M*-CH0,
COC;Hs), 250 (M*-CHj3), 222 (M*-CH3, CO), 193 (M*-CHg;, CO, C;Hs), 165 (M*-CHjs, CO,
COC;Hb).

Anal. Calculated (%) for : C13H1s03NS: C, 58.86; H, 5.66; N, 5.28. Found (%): C, 58.84; H ,
5.67; N, 5.30.

(3). 2-Benzoyl-7-methoxy-3-phenyl-4H-1,4-benzothiazine.

Molecular Formula : C,,H;70,NS

I

H3CO C
S8y
T CeHs

H

Yield:82%, M.P. 172°C

IR (KB, vmax, cm™): 3400 (N-H), 1665 (>C=0), 1230, 1050 (C-0-C), 855, 820 (adj. 2H in
ring), 2920 (C-H, aliph.);

'H NMR (CDCl) 6: 7.8-6.95 (13H, m, Ar.), 4.5 (3H, s, OCHj3), 8.7 (1H, s, N-H);
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MS( m/z): 359 (M*), 358 (M*-H), 254 (M*-COC¢Hs), 282 (M*-CgHs), 329 (M*-CH,0), 344
(M*-CHg), 316 (M*-CHj3, CO), 252 (M*-CH.0, C¢Hs), 224 (M*-CH,0, COCgH).

Anal. Calculated (%) for C»,H;70,NS: C, 70.19; H, 4.73; N, 3.90. Found (%): C, 70.20; H ,
4.69; N, 3.88.

(4). 2-Ethoxycarbonyl-3,7-dimethyl-4H-1,4-benzothiazine

Molecular Formula : C13H150,NS

@)

H3C C
\OC2H5
| CHs

H

Yield:75%, M.P. 178°C

IR (KBr, vnax, cm™?): 3460 (N-H), 1680 (>C=0), 1465, 1345 (C-CHj3), 1230, 1035 (C-0-C),
855, 825 (adj. 2H in ring), 2980 (C-H aliph.);

'H NMR (CDCly) 6: 6.7-6.4 (3H, m, Ar.), 4.15 (2H, q, CH; at C-2), 2.25 (3H, s, CH3 at C-3),
1.95 (3H, s, CHs at C-7), 1.25 (3H, t, CH3 at C-2), 8.8 (1H, s, N-H);

MS( m/z): 249 (M*), 248 (M*-H), 220 (M*-C,Hs), 204 (M*-OC5Hs) , 192 (M*-COC,Hs), 221
(M*-C,H,), 203 (M*-C,HsOH), 175 (M*-C,HsOH, CO).

Anal. Calculated (%) for C13H150,NS: C, 62.65; H, 6.02; N, 5.62. Found (%): C, 62.63; H ,
6.63; N, 5.60.

(5). 2- Benzoyl-7-methyl-3-phenyl-4H-1,4-benzothiazine.

Molecular Formula : C,,Hi7;ONS

0
I

H3C C
1660
N CeHs

H

[JCRT1134844 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 836


http://www.ijcrt.org/

www.ijcrt.org © 2018 IJCRT | Volume 6, Issue 4 November 2018 | ISSN: 2320-2882
Yield:80%, M.P. 194°C

IR (KBr, vmax, cm™): 3345 (N-H), 1695 (>C=0), 1470, 1330 (C-CHj3), 865, 820 (adj. 2H in
ring), 3055 (C-H, Ar);

'H NMR (CDCl) 6: 7.3-7.0 (13H, m, Ar.), 2.35 (3H, s, CHz at C-7), 8.8 (1H, s, NH);
MS( m/z): 343 (M*), 342 (M*-H), 238 (M*-COCgHs), 266 (M*-CgHs), 161 (M*-COCgHs,
CsHbs).

Anal. Calculated (%) for C»,H17ONS: C, 73.46; H, 4.95; N, 4.08. Found (%): C, 73.75; H ,
4.90; N, 4.06.

(6). 7-Chloro-2-ethoxycarbonyl-3-methyl-4H-1,4-benzothiazine.

Molecular Formula : C1,H1,0,NSCI

0
I

cl
C
SNOCHs
| CHs

H

Yield:75%, M.P. 181°C

IR (KB, Vimax, cm%): 3380 (N-H), 1690 (>C=0), 1465, 1360 (C-CHs), 735 (C-CI), 1240, 1040
(C-0-C), 860, 825 (adj. 2H in ring), 2985

(C- Haliph.);

IH NMR (CDCls) 6: 6.85-6.4 (3H, m, Ar.), 4.05 (2H, g, CH, at C-2),

2.25 (3H, s, CH3 at C-3), 1.25 (3H, t, CH3 at C-2), 8.7 (1H, s, N-H);

MS( m/z): 269 (M*), 268 (M*-H), 241 (M*-C,H,), 224 (M*-C,H,4, OH) or (M*-OC;Hs), 196
(M*-COOC;Hs), 240 (M*-C;Hs), 223 (M*-C,Hs0H), 212 (M*-C,Hs, CO).

Anal. Calculated (%) for C,,H:,0,NSCI: C, 53.43; H, 4.45; N, 5.19. Found (%): C, 53.39; H ,

4.42; N, 5.20.
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(7). 2-Benzoyl-7-chloro-3-phenyl-4H-1,4-benzothiazine.

Molecular Formula : C,;H14ONSCI

@)

Cl
C
1SS e
N CsHs

H

Yield:85%, M.P. 87°C

IR (KB, vimax, cm™): 3360 (N-H), 1690 (>C=0), 740 (C-Cl), 850, 820 (adj. 2H in ring), 3060
(C-H, Ar);

'H NMR (CDCls) 6: 7.5-6.85 (13H, m, Ar), 8.6 (H, s, N-H);

MS( m/z):363 (M*), 362 (M*-H), 258 (M*-COCgHs), 286 (M*-C¢Hs), 77 (M*-CgHs), 181 (M*-
COCsHs, CeHs), 146 (M*-COCgHs, CgHs, Cl).

Anal. Calculated (%) for C2;H14ONSCI: C, 69.32; H, 3.85; N, 3.85. Found (%): C, 69.30; H,
3.90; N, 3.90.

(8). 2-Benzoyl-7-chloro-3-methyl-4H-1,4-benzothiazine.

Molecular Formula : C1sH1,ONSCI

@)

cl
C
CoHs
CHs

H

Yield:85%, M.P. 245°C
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IR (KBr, vmax, cm™?): 3365 (N-H), 1675 (>C=0), 1460, 1340 (C-CHj3), 725 (C-Cl), 850, 830
(adj. 2H in ring), 3020 (C-H, Ar);

IH NMR (CDCl3) 6: 7.6-7.0 (8H, m, Ar.), 2.25 (3H, s, CHs at C-3), 8.7 (1H, s, NH);

MS( m/z): 301(M*), 300 (M*-H), 196 (M*-COCsHs), 224 (M*- CsHs), 161 (M*-COCgHs, CI).
Anal. Calculated (%) for: C16H1,ONSCI: C, 59.70; H, 4.97; N, 4.64. Found (%): C, 59.68; H ,
4.89; N, 4.60.

(9). 2-Benzoyl-3,7-dimethyl-4H-1,4-benzothiazine.

Molecular Formula : C17Hi;50NS

0
I

HsC
C
CoHs
CHs

H

Yield:90%, M.P. 207°C

IR (KBF vinax, cm%): 3380 (N-H), 1680 (>C=0), 1460, 1340 (C-CHj), 860, 825 (adj. 2H in
ring), 2930 (C-H, aliph.), 3030 (C-H, Ar.);

'H NMR (CDCly) 6: 7.4-6.6 (8H, m, Ar.), 2.15 (3H, s, CH3 at C-3), 1.95 (3H, s, CH3 at C-7),
8.8 (1H, s, NH);

MS( m/z): 281 (M*), 280 (M*-H), 204 (M*-CgHs), 176 (M*-COCsHs), 131 (M*-COCgHs,
HCS), 144 (M™-COC¢Hs, S).

Anal. Calculated (%) for C;7H;50NS: C, 72.59; H, 5.33; N, 4.98. Found (%): C, 72.60; H,
5.35; N, 4.95.

Spectral analysis

The infrared spectra of all the synthesized 4H-1,4-benzothiazines invariably showed a N-
H stretching absorption peak in the region of 3410-3340 cm™* and for C=0 stretching absorption
peak in the region of 1695-1665 cm™. The weak absorption bands in the region 1470-1330 cm
L are attributed to C-CHj; bending vibrations. In compound 1,2,4 and 6 bands appearing in the

region 1240-1225 cm™and 1030-1040 cmare attributed to C-O-C asymmetric and symmetric
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vibrations respectively. In compound 6,7 and 8 a band in the region 725-740 cmlis assigned to
C-Cl stretching vibrations.

In NMR spectra a broad singlet peak in the region of 8.70-8.80 & is observed in all the
synthesized compounds for N-H proton and multiplets in the region of 6.4-7.6 § are due to
aromatic ring protons. A singlet peak at about 4.4 § is observed in methoxy derivatives due to
OCHj3; group. Peaks for CH3; and C,Hs groups are also observed in expected region and
multiplicity.

In mass spectra all 1,4-benzothiazines having benzoyl group showed peak at m/z = M*-
105 (with high intensity) and 105 (C¢HsCO*, base peak) by the loss of benzoyl group. The 2-
ethoxycarbonyl derivatives gave peaks at m/z = M*-C,H4, M™-C,Hs, M*-COC,Hs and M*-
OC;Hs.
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