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Abstract : The present work consists of one-pot synthesis of substituted
4H-1,4-benzothiazines by the condensation and oxidative cyclization of substituted
2-aminobenzenethiols with B- diketones/B-ketoesters in dimethyl sulfoxide and oxidation
behaviour of 4H-1,4-benzothiazines by 30% hydrogen peroxide in glacial acetic acid to
1,4-benzothiazine sulfones. The structure of all the synthesized compounds has been
confirmed by elemental analysis and spectral studies.

Introduction

4H-1,4-Benzothiazines possess a wide specturm of pharmacological/biological
activities similar to phenothiazines (1,2) due to the presence of a fold along nitrogen
and sulfur axis which is one of the structural specificity to impart pharmaceutical/biological
activities (3-10). The oxidation of sulfide linkage in 4H-1,4-benzothiazines to dioxide
leads to an interesting class of heterocyclic sulfones not only from medicinal (11-14)
and industrial (15) point of view, but also structural aspects. It has stimulated our interest
to convert benzothiazines to sulfones to understand oxidation behaviour of
4H-1,4-benzothiazines and to investigate changes in infrared and nuclear magnetic

resonance spectra caused by the conversion of sulfide linkage to sulfone.

Results and Discussion

The title compounds have been synthesized by one-pot reaction involving
condensation and oxidative cyclization of substituted 2-aminobenzenethiols 1 with
B-diketones/B-ketoesters 2 in dimethyl sulfoxide. The reaction is believed to proceed
through the formation of an intermediate enaminoketone 3 (16,17). Under the experimental
conditions substituted 2-aminobenzenethiols 1 are readily oxidized to bis(2-aminophenyl)
disulfides la (17,18) which cyclize to 4H-1,4-benzothiazines 4 by scission of sulfur-sulfur

bond due to high reactivity of a-position of enaminoketone system 3 towards nucleophilic

attack (Scheme 1).
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4H-1,4-Benzothiazines sulfones 5 have been prepared by the oxidation of

4H-1,4-benzothiazines 4 with 30% hydrogen peroxide in glacial acetic acid (Scheme 2).
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2-Aminobenzenthiols 1 required in the synthesis of title compounds have been

prepared by the method reported by us earliar (5).
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Experimental

All the melting points are uncorrected. The purity of the synthesized compounds
was checked by thin layer chromatography. Infrared spectra of benzothiazines and their
sulfones have been recorded on a Perkin-Elmer spectrophotometer model 577 in KBr
discs as well as in chloroform. ‘H NMR spectra were scanned on 90 MHz Jeol FX 90Q
FT NMR spectometer in DMSO-dg containing TMS as an internal standard and their
mass spectra were recorded on Jeol JMSD-300 mass spectrometer at 70ev with 100 uamp

ionising current.

Preparation of substituted 4H-1,4-benzothiazines 4a-q

To the stirred suspension of B-diketones/B-ketoesters (2; 0.01M) in dimethyl
sulfoxide (5 ml) was added 2-aminobenzenethiol (1; 0.01M) and the resulting mixture
was refluxed for 20-30 minutes. The reaction mixture was concetrated and cooled down
to room temperature and filtered. The product obtained was washed with petroleum
ether and crystallized from methanol. The physical and analytical data of

4H-1,4-benzothiazines are given in Table 1.

Preparation of substituted 4H-1,4-benzothiazine sulfones 5a-q

30% Hydrogen peroxide (5 ml) was added to a solution of substituted
4H-1,4-benzothiazines (4; 0.01M) in glacial acetic acid (15 ml) and refluxed for fifteen
minutes. Heating was stopped and another lot of hydrogen peroxide (5 ml) was added.
The reaction mixture was again refluxed for 4 hours. The excess of solvent was removed
by distillation under reduced pressure and poured into a beaker containing crushed ice.
The residue obtained was filtered off, washed with water and crystallised from ethanol.

Physcial and analytical data of 4H-1,4-benzothiazine sulfones are given in Table 2.

Infrared Spectra

IR Spectra of all the 4H-1,4-benzothiazines exhibit a sharp peak in the region
3240-3380 cm’’ due to NH stretching vibrations which shifts to higher frequencies region
3340-3460 cm’' in corresponding sulfones. A sharp peak observed in the region 1550-
1640 cm™! due to C=0 stretching vibrations in 4H-1,4-benzothiazines shifts to higher

frequency 1675-1720 cm’! in corresponding sulfones. This is an agreement with increased
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Table 1 : Physical data of 4H-1,4-benzothiazines 4a-q

Compd. R R1 R2 M.P. Yield Molecular % Found/Calcd.
0
O (%) Formula C H N
4a CH3; CHj3 OC,H;s 114 57 C1aH17NO2S 63.57 6.45 5.30

63.87 6.46 532

4b CH; CHj3 OCH3 118 52 C13H1sNO3S 62.90 6.04 561
62.65 6.02 5.62
4c CH3 CH3 CeHs 135 60 CigsH17NOS 73.50 5.75 473
73.22 5.76 474
4d CHj3 CHj3 CHj3; 139 45 C13H15sNOS 67.17 6.42 6.02
66.95 6.43 6.00
de CH3 CesHs CeHs 74 40 C23H19NOS 771.03 531 3.93
77.31 532 3.92
Af CH3 CH3 CsHa—Cl(p) 170 62 Ci18H16CINOS 65.69 4.84 423
65.55 4385 424
ig_ CH3 CHj; CsHs-Br(p) 205 43 Ci18H16BrNOS 58.01 4.26 3.75
57.75 427 3.74
4h CH3 CH3 CsHa—CH3(p) 128 65 Ci9H19NOS 74.02 6.15 4.52
73.78 6.14 4.53
4 CH3 CH3z CsHs—~OCHs(p) 157 39 C19H19NO2S 70.53 5.85 431
70.15 5.84 430
4 Cl CH; OC;Hs 112 43 C13H14CINOS 5533 4.95 491
55.02 493 493
ﬁ Cl CH3 CsHs 128 61 C17H14CINOS 64.38 441 444
64.65 443 443
4 Cl CH3 CH; 124 48 C12H12CINOS 56.43 475 553
56.80 473 5.52
4;!: Cl CHj3 OCH3 132 51 C12H12CINO:S 53.10 447 522
53.43 445 5.19
4n Cl CH3 CeHa—-Cl(p) 170 64 Ci7Hi3CINOS 58.62 3.70 4.02
58.28 in 4.00
4o Cl Ce¢Hs CeHs 152 30 C22H16CINOS 69.69 421 3
69.93 423 370
iE Cl CH3 CsHa—-Br(p) 162 54 Ci7H13BrCINOS 52.03 3.28 3.53
517 3.29 3.54
4q Cl CH3 CsHs—CH3 182 51 CisH1sCINOS 65.06 488 421

65.55 485 424
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Table 2 : Physical data of 4H-1,4-benzothiazine sulfones Sa-q

Heterocyclic Communications

Compd. R R1 R2 M.P. Yield Molecular % Found/Calcd.
0
O (%) Formula c H N
5_3 CH3 CH3 OCzHs 185 24 C14H17NO4S 5723 5.78 4.73
56.94 5.76 474
5b CH3 CH3 OCH3 122 21 Ci13H1sNO4S 55.19 5.35 4.96
5551 533 498
5_c CHjs CHj CsHs 152 18 Ci1sH17NO3S 65.82 5.21 427
66.05 5.19 428
5d CHj; CHj; CH; 128 28 Ci13H1sNO3S 59.19 5.68 527
58.86 5.66 5.28
Se CH; CsHs CeHs 79 32 C23H9NO3S 70.61 4.90 3.58
70.95 4.88 3.59
5f CHj; CH3 CsHa—Cl(p) 202 14 Ci18H16CINO3S 59.41 443 3.88
59.75 4,42 3.87
58 CH3 CH3 CsHs-Br(p) 182 23 Cig8H16BrNO3S 53.61 3.95 343
53.20 394 344
5h CH3 CHs CsHa—CHj3(p) 172 32 Ci19H9NO3S 55.94 5.59 409
55.71 5.57 4.10
5i CH3 CHs Cs¢Hs—OCHs(p) 136 25 Ci19H19NO4S 64.19 5.31 391
63.86 532 392
§_j_ Cl CH3 OC2Hs 146 18 C13H14CINO3S 49.62 441 442
49.44 443 443
5_k Cl CH3 CsHs 158 22 C17H14CINO3S 58.42 4.00 401
58.70 4.02 4,02
ﬂ Cl CH3 CH3 149 40 Ci12H12CINO3S 50.75 421 537
5043 420 539
Sm Cl CH3 OCH3 136 38 C12H12CINO4S 4748 399 4.65
47.76 398 464
50 a CHs  CeHa—Cl(p) 144 43 CI7HBCLNOSS 5378 342 367
53.40 3.40 3.66
50 Cl CsHs CeHs 82 12 C2:H16CINO3S 64.88 3.89 340
64.46 3.90 341
5p Cl CH3 CeHa—Br(p) 208 24 C27H13BrCINO3S 47.69 3.05 3.27
4783 304 328
§S_ Cl CHj; CsH4—CH3 196 33 Ci18Hi16CINO3S 5993 444 3.88
59.75 4.42 3.87

285



Vol. 1, No. 4, 1995 Synthesis of Substituted 4H-1,4-Benzothiazines and Their. Conversion into Sulfones

electron acceptor ability of heteroaromatic nucleus in sulfones as compared to parent
nucleus. The lone pair of electrons on nitrogen is withdrawn more effectively with
carbonyl group and results in higher frequency of carbonyl group frequencies. The -I
effect of SO, group combined with a mesomeric effect which operates in the same
direction, also hinders the conjugation of lone pair of electron of nitrogen with carbonyl
group. All 4H-1,4-benzothiazine sulfones exhibit an intense peak in the region 1360-1395
cm’! in chloroform due to asymmetric stretching mode of the sulfonyl group, which in
solid state splits into three bands in the region 1351-1390, 1305-1322 and 1235-1285
cm’l. Asmmetric stretching vibration in sulfones is strongly affected on passing from
solution to crystalline state. Symmetrial stretching vibrations, give rise to a doublet and
in some cases a broad signal in potassium bromide pellets in the region 1112-1180 cm’!
where as in solution it appears at 1110-1178 cm’!. These frequencies are slightly affected
by the state of aggregation. In 1,4-benzothiazines a medium intensity band appears at
1015-1080 cm™' due to C-S stretching vibrations (19) and shifts to higher frequency
region 1040-1090 cm’! in corresponding sulfones. Peaks corresponding to C-Cl stretching

! in benzothiazines (4f, 4i-q) as well as in sulfones (5f,

vibrations appear at 710-780 cm”
f-q). Peaks corresponding to C-H deformation vibrations of CHj group appear at
1310-1385 and 1430-1470 cm! respectively in benzothiazines as well as in sulfones. The
information about the electron donor and electron acceptor abilities of heteroaromatic

rings (20) can be obtained from substituted vibrations.

NMR Spectra

Resonance signal due to N-H proton in benzothiazines appears at 6 7.9-9.87
ppm and is shifted to downfield (0 8.0-10.22 ppm) in corresponding sulfones. NMR
Spectra of 4H-1,4-benzothiazines except (4¢,40) exhibit resonance signals in the region
0 2.12-2.63 ppm due to allylic protons (C=C-CH3) and are also shifted to downfield (9
2.20-2.70 ppm) in sulfones. A singlet due to CHj3 protons at Cs observed in the region
6 1.52-2.25 ppm in benzothiazines is shifted to downfield  1.80-2.34 ppm in corresponding
sulfones. The singlet is observed in the region d 1.3-2.00 ppm due to CH; protons at
C7 (4a-i) in benzothiazines is shifted to downfield (6 1.71-2.20 ppm) in corresponding

sulfones. A singlet due to CH3 protons of COOCH;3 group (4b,4m) at C, observed at
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6 2.13-2.30 ppm in benzothiazines is shifted to downfield ( 2.54- 2.59 ppm) in
corresponding sulfones (5b,5Sm). The singlet observed at é 3.58 ppm due to OCHj3 protons
at para position of benzoyl side chain at C, in benzothiazine (4i) is also shifted to
downfield (0 4.62 ppm) in corresponding sulfone (5i). Conversion of benzothiazines to
sulfones involves conversion of sulfides linkage to sulfoxide and results in shifting
resonance signals to downfields. It is due to decreased local diamagnetic shielding of
the substituent anisotropic deshielding. In sulfones, thiazine nucleus contains large close
loops of m-electrons in comparision to parent benzothiazine due to the conversion of
sulfide linkage to dioxide, in which strong diamagnetic current is induced by the magnetic
field. The effect results in an increased ring current effect causing the deshielding of

aromatic protons and any group contained in the plane of the thiazine nucleus.

Mass Spectra

The mass spectrum of each benzothiazine shows molecular ion peak in accordance
with its molecular weight and in all cases side chain at C, appears as base peak

(Scheme-3)

oy * CH3 -
T OL " +eon
- - [O] | + COR,
R Ss R s
0]
Scheme 3

References

(1) R.R. Gupta (Ed.), “Phenothiazines and 1,4-Benzothiazines —Chemical and Biomedical
Aspects”, Elsevier, Amsterdam, 1988

(2) H.Keyzer, G.M. Eckert, LS. Forrest, R.R. Gupta, FGutmann and J. Molnar (Eds.), “Thiazines
and Structurally Related Compounds”, (Proceeding of Sixth International Conference on
Phenothiazines and Structurally Related Psychotropic Compounds, Pasadena, California,
September 11-14, 1990), Kriger Publishing Company, Malabar, Florida, USA, 1992

(3) S.K. Mukherji, M. Jain, A. Gupta, V. Saraswat and R.R. Gupta, Ind. J. Chem. 33B, 990
(1994)

(4) R.R. Gupta, M. Jain, R.S. Rathore and A. Gupta, J. Fluor. Chem. 62, 191 (1993)

(5) R.R. Gupta, R.S. Rathore, M Jain and V. Saraswat, Pharmazie 47, 229 (1992)
(6) V. Gupta and R.R. Gupta, J. Prakt. Chem. 333, 153 (1991)

287



Vol. 1, No. 4, 1995 Synthesis of Substituted 4H-1,4-Benzothiazines and Their. Conversion into Sulfones

(7) R.R. Gupta, S.K. Jain, V. Gupta and R.K. Rathore, Pharmazie 44, 572 (1989)
(8) R.R. Gupta, RK. Gautam and R. Kumar, Heterocycles 22, 1143 (1984)

(99 M.A. Alabdalla and R.R. Gupta, Pharmazie (in Press)

(10) J. Iwao, T. Iso. and M. Oya, Eur. Pat. 166386 (1984)

(11) R.N. Prasad, J. Med. Chem. 12(2), 290 (1969)

(12) G. Filacchioni, V. Nacci and G. Stefancich, Farmaco. Ed. Sci. 31(7), 478 (1976); Chem. Abstr.

85, 143048 (1976)
(13) G. Fengler, D. Arlt and G. Groche, Ger. Offen. 3,329,124 (1984); Chem. Abstr. 101, 90953

(1984)
(14) H. Zinnes, M. Schwatrz and J. Shavel, Jr. Ger. Offen. 2,208,351 (1972); Chem. Abstr. 77,

164722 (1972)
(15) C.R. Rasmussen, U.S. Pat. 3,476,749 (1969); Chem. Abstr. 72, 217227 (1970)

(16) D.D. Bhatnagar, K.K. Gupta, V. Gupta and R.R. Gupta, Curr. Sci. 58, 1091 (1989)
(17) R.R. Gupta, R.K. Rathore, V. Gupta and R.S. Rathore, Pharmazie 46, 602 (1991)
(18) R.R. Gupta and Rakesh Kumar, J. Fluor. Chem. 31(1), 19 (1986)

(19) M. Marziano, G. Montavdo and R. Passerini, Ann. Chim. 52, 121 (1962)

(20) AR. Katritzky and A.P. Amber, “Infrared Spectra”, in A.R. Katritzky (Ed.) “Physical Methods
in Heterocyclic Chemestry” Academic Press, New York, Vol. 2, pp. 161, 1963

Received January 25, 1995

288



