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A b s t r a c t : T h e p r e s e n t w o r k c o n s i s t s of o n e - p o t s y n t h e s i s of s u b s t i t u t e d 
4 H - 1 , 4 - b e n z o t h i a z i n e s by the c o n d e n s a t i o n and oxidat ive cycl iza t ion of s u b s t i t u t e d 
2 -aminobenzene th io l s with P- diketones/ /3-ketoesters in dimethyl sulfoxide and oxidat ion 
behaviour of 4H-1 ,4-benzoth iaz ines by 3 0 % hydrogen peroxide in glacial acet ic acid to 
1,4-benzothiazine sulfones. The s t ruc ture of all the synthesized c o m p o u n d s has b e e n 
confirmed by e l emen ta l analysis and spectra l s tudies . 

Introduction 

4H-1 ,4-Benzoth iaz ines possess a wide spec tu rm of pharmacologica l /b io log ica l 

activities s imilar to phenoth iaz ines (1,2) due to the p resence of a fold a long n i t rogen 

and sulfur axis which is one of the s t ruc tura l specificity to impar t pharmaceu t ica l /b io log ica l 

activities (3-10) . T h e oxidation of sulfide l inkage in 4H-1 ,4 -benzo th iaz ines to dioxide 

leads to an in teres t ing class of heterocycl ic sulfones not only from medic ina l (11-14) 

and indust r ia l (15) poin t of view, but also s t ruc tura l aspects . It has s t imula ted our in te res t 

to c o n v e r t b e n z o t h i a z i n e s to s u l f o n e s t o u n d e r s t a n d o x i d a t i o n b e h a v i o u r of 

4 H - 1 , 4 - b e n z o t h i a z i n e s and to invest igate changes in infrared and nuc l ea r magne t i c 

resonance spec t ra caused by the convers ion of sulfide l inkage to sulfone. 

Results and Discussion 

T h e t i t le c o m p o u n d s have b e e n syn thes ized by o n e - p o t r e a c t i o n involving 

c o n d e n s a t i o n and ox ida t ive cycl izat ion of s u b s t i t u t e d 2 - a m i n o b e n z e n e t h i o l s _1_ w i t h 

/3-diketones//3-ketoesters 2 in dimethyl sulfoxide. The reac t ion is be l ieved to p roceed 

through the format ion of an in te rmedia te e n a m i n o k e t o n e 3 (16,17). U n d e r the expe r imen ta l 

condi t ions subs t i tu ted 2-aminobenzene th io l s 1_ a re readily oxidized to b i s (2 -aminopheny l ) 

disulfides l a (17,18) which cyciize to 4 H - l , 4 - b e n z o t h i a z i n e s 4 by scission of sulfur-sulfur 

bond due to high reactivity of a-posi t ion of e n a m i n o k e t o n e system 3 towards nuc leophi l i c 

at tack (Scheme 1). 
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Scheme 1 

4H-1,4-Benzothiazines sulfones 5 have been p r e p a r e d by the ox ida t ion of 

4H-1,4-benzothiazines 4 with 3 0 % hydrogen peroxide in glacial acet ic acid (Scheme 2). 
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Scheme 2 

2 -Aminobenzen th io l s i r equi red in the synthesis of title compounds have been 

p r e p a r e d by the me thod repor ted by us ear l iar (5). 
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Experimental 

All the mel t ing points are uncor rec ted . The puri ty of the synthesized c o m p o u n d s 

was checked by thin layer chromatography. Infrared spec t ra of benzo th iaz ines and their 

sulfones have been recorded on a Pe rk in -E lmer s p e c t r o p h o t o m e t e r mode l 577 in KBr 

discs as well as in chloroform. *H N M R spec t ra were scanned on 90 M H z Jeo l FX 90Q 

FT N M R spec tome te r in D M S 0 - d 5 containing TMS as an in ternal s t anda rd and their 

mass spec t ra were r eco rded on Jeol JMSD-300 mass spec t rome te r at 70ev with 100 /^amp 

ionising cur ren t . 

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

To the s t i r red suspension of ^-diketones/y3-ketoesters (2; O.OIM) in dimethyl 

sulfoxide (5 ml) was added 2-aminobenzene th io l ( 1 ; O.OIM) and the resu l t ing mixture 

was refluxed for 20-30 minutes . The react ion mixture was conce t ra ted and cooled down 

to room t e m p e r a t u r e and filtered. The produc t ob ta ined was washed with p e t r o l e u m 

e t h e r a n d c r y s t a l l i z e d f r o m m e t h a n o l . T h e p h y s i c a l a n d a n a l y t i c a l d a t a of 

4H-1 ,4-benzoth iaz ines are given in Table 1. 

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

3 0 % H y d r o g e n p e r o x i d e (5 ml) was a d d e d to a s o l u t i o n of s u b s t i t u t e d 

4H-1 ,4-benzoth iaz ines (4; O.OIM) in glacial acet ic acid (15 ml) and refluxed for fifteen 

minutes . Hea t ing was s topped and another lot of hydrogen peroxide (5 ml) was added . 

The reac t ion mixture was again refluxed for 4 hours . The excess of solvent was removed 

by dis t i l la t ion unde r r educed pressure and pou red into a beaker conta in ing c rushed ice. 

The res idue ob ta ined was filtered off, washed with water and crystall ised from e thano l . 

Physcial and analytical da ta of 4H- l ,4 -benzo th i az ine sulfones are given in Table 2. 

Infrared Spectra 

IR Spec t ra of all the 4H-1,4-benzothiaz ines exhibi t a sharp peak in the region 

3240-3380 cm"^ due to NH stretching vibrat ions which shifts to higher f requenc ies region 

3340-3460 cm'^ in cor responding sulfones. A sharp peak observed in the reg ion 1550¬ 

1640 cm"^ due to C = 0 s t re tching vibrat ions in 4H-1 ,4-benzoth iaz ines shifts to h igher 

frequency 1675-1720 cm"^ in corresponding sulfones. This is an a g r e e m e n t with increased 
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Compd. R Rl R 2 M.P. Vield Molecular % Found/Calcd. 
(°C) (%) Formula C H N 

4a CH3 CH3 0 C 2 H S 114 57 C14H17NO2S 63.57 
63.87 

6.45 
6.46 

5.30 
5.32 

4b CH3 CH3 0CH3 118 52 C 1 3 H 1 5 N O 2 S 62.90 
62.65 

6.04 
6.02 

5.61 
5.62 

4c CH3 CH3 C6H5 135 60 C18H17NOS 73.50 
73.22 

5.75 
5.76 

4.73 
4.74 

4d CH3 CH3 CH3 139 45 C13H15NOS 67.17 
66.95 

6.42 
6.43 

6.02 
6.00 

4e CH3 CfiHs CfiHs 74 40 C23H19NOS 77.03 
77.31 

5.31 
5.32 

3.93 
3.92 

4f CH3 CHa C6H4-Cl(p) 170 62 C18H16CINOS 65.69 
65.55 

4.84 
4.85 

4.23 
4.24 

4g CH3 CH3 C6H4-Br(p) 205 43 CisHifiBrNOS 58.01 
57.75 

4.26 
4.27 

3.75 
3.74 

4h CH3 CH3 C6H4-CH3(p) 128 65 C19H19NOS 74.02 
73.78 

6.15 
6.14 

4.52 
4.53 

4i CH3 CH3 C6H4-OCH3(p) 157 39 C19H19NO2S 70.53 
70.15 

5.85 
5.84 

4.31 
4.30 

CI CH3 O C 2 H S 112 43 C13H14CINOS 55.33 
55.02 

4.95 
4.93 

4.91 
4.93 

4k CI CH3 CfiHs 128 61 C17H14CINOS 64.38 
64.65 

4.41 
4.43 

4.44 
4.43 

1 1 
CI CH3 CH3 124 48 C12H12CINOS 56.43 

56.80 
4.75 
4.73 

5.53 
5.52 

4m CI CH3 OCH3 132 51 C12H12CINO2S 53.10 
53.43 

4.47 
4.45 

5.22 
5.19 

4n CI CH3 C6H4-Cl(p) 170 64 C17H13CI2NOS 58.62 
58.28 

3.70 
3.71 

4.02 
4.00 

4o CI CfiHs CfiHs 152 30 C 2 2 H 1 6 C I N O S 69.69 
69.93 

4.21 
4.23 

3.71 
3.70 

± CI CH3 C6H4-Br(p) 162 54 CnHnBrClNOS 52.03 
51.71 

3.28 
3.29 

3.53 
3.54 

4q CI CH3 a ,H4-CH3 182 51 C18H16CINOS 65.06 
65.55 

4.88 
4.85 

4.21 
4.24 

284 

Table 1 : Physical data of 4H-l,4-beiizothiazines 4a-q 
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Compd. R Rl R2 M.P. Vield Molecular % Found/Calcd. 
(°C) (%) Formula C H N 

5a CH3 CH3 OC2H5 185 24 C14H17NO4S 57.23 

56.94 

5.78 

5.76 

4.73 

4.74 

5b CH3 CH3 OCH3 122 21 Cl3Hi5N04S 55.19 

55.51 

5.35 

5.33 

4.96 

4.98 

5c CH3 CH3 C6H5 152 18 C18H17NO3S 65.82 

66.05 

5.21 

5.19 

4.27 

4.28 

5d CH3 CH3 CH3 128 28 C 1 3 H 1 S N O 3 S 59.19 

58.86 

5.68 

5.66 

5.27 

5.28 

5e CH3 C6H5 C6H5 79 32 C23H19NO3S 70.61 

70.95 

4 .90 

4.88 

3.58 

3.59 

5f CH3 CH3 C6H4-CI(p) 202 14 C18H16CINO3S 59.41 

59.75 

4.43 

4 .42 

3.88 

3.87 

5g CH3 CH3 C6H4-Br(p) 182 2 3 C i 8 H i 6 B r N 0 3 S 53.61 

53.20 

3.95 

3.94 

3 .43 

3.44 

5h CH3 CH3 C6H4-CH3(p) 172 3 2 C19H19NO3S 55.94 

55.71 

5.59 

5.57 

4.09 

4.10 

5i C H 3 CH3 C6H4-OCH3(p) 136 25 C19H19NO4S 64.19 

63.86 

5.31 

5.32 

3.91 

3.92 

5) Cl CH3 OC2H5 146 18 C13H14CINO3S 49.62 

49.44 

4.41 

4 .43 

4.42 

4.43 

5k Cl CH3 C6Hs 158 22 C17H14CINO3S 58.42 

58.70 

4 .00 

4.02 

4.01 

4.02 

5^ Cl CH3 CH3 149 4 0 C12H12CINO3S 50.75 

50.43 

4.21 

4.20 

5.37 

5.39 

5 m Cl CH3 OCH3 136 3 8 C12H12CINO4S 47.48 

47.76 

3.99 

3.98 

4.65 

4.64 

5n Cl CH3 C6H4-Cl(p) 144 4 3 C17H13CI2NO3S 53.78 

53.40 

3.42 

3 .40 

3.67 

3.66 

5 o Cl C6H5 C6Hs 82 12 C22H16CINO3S 64.88 

64.46 

3 .89 

3 .90 

3.40 

3.41 

5 p Cl CH3 C6H4-Br(p) 208 24 C 2 7 H i 3 B r C l N 0 3 S 47.69 

47 .83 

3 .05 

3.04 

3.27 

3.28 

h Cl CH3 C6H4-CH3 196 3 3 C18H16CINO3S 59.93 

59.75 

4 .44 

4 .42 

3.88 

3.87 

2 8 5 

Table 2 : Physical data of 4H-l,4-benzothiazine sulfones 5a-q 
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e lec t ron accep to r ability of h e t e r o a r o m a t i c nucleus in sulfones as compared to pa ren t 

nucleus . T h e lone pair of e lec t rons on n i t rogen is wi thdrawn more effectively with 

carbonyl g roup and resul ts in h igher frequency of carbonyl g roup f requencies . The -I 

effect of SO2 g roup combined with a mesomer ic effect which ope ra t e s in the same 

direct ion, also h inders the conjugat ion of lone pair of e l ec t ron of n i t rogen with carbonyl 

g roup . All 4 H - l , 4 - b e n z o t h i a z i n e sulfones exhibit an in tense peak in the region 1360-1395 

cm"^ in chloroform due to asymmetr ic s t re tching mode of the sulfonyl g roup , which in 

solid s ta te splits into th ree bands in the region 1351-1390, 1305-1322 and 1235-1285 

c m ' ^ Asmmet r i c s t re tch ing vibra t ion in sulfones is strongly affected on passing from 

solut ion to crystal l ine s ta te . Symmetr ia l s t re tching vibrat ions , give rise to a double t and 

in some cases a broad signal in potass ium bromide pel lets in the region 1112-1180 cm"^ 

where as in solut ion it appears at 1110-1178 c m ' ^ These f requencies are slightly affected 

by the s ta te of aggrega t ion . In 1,4-benzothiazines a m e d i u m intensity band appears at 

1015-1080 cm'^ due to C-S s t re tching v ib rauons (19) and shifts to h igher frequency 

region 1040-1090 cm'^ in cor responding sulfones. Peaks cor responding to C-CI s t re tching 

vibrat ions appea r at 710-780 cm'^ in benzoth iaz ines (4f, 4i-q) as well as in sulfones (5f, 

5f-q). Peaks cor responding to C-H deformat ion vibrat ions of CH3 g roup appea r at 

1310-1385 and 1430-1470 cm"^ respectively in benzoth iaz ines as well as in sulfones. The 

informat ion about the e lec t ron donor and e lec t ron acceptor abil i t ies of h e t e r o a r o m a t i c 

rings (20) can be ob ta ined from subst i tu ted vibrat ions. 

NMR Spectra 

Resonance signal due to N-H pro ton in benzo th iaz ines appears at d 7.9-9.87 

ppm and is shifted to downfield {d 8.0-10.22 ppm) in co r respond ing sulfones. N M R 

Spect ra of 4H-1 ,4 -benzo th iaz ines except (4e,4o) exhibit r e sonance signals in the region 

d 2.12-2.63 ppm due to allylic p ro tons (C = C-CH3) and are also shifted to downfield (d 

2.20-2.70 ppm) in sulfones. A singlet due to C H 3 p ro tons at C5 observed in the region 

d 1.52-2.25 ppm in benzo th iaz ines is shifted to downfield d 1.80-2.34 ppm in cor responding 

sulfones. T h e singlet is observed in the region d 1.3-2.00 ppm due to CH3 p ro tons at 

C 7 (4a-i) in benzo th iaz ines is shifted to downfield {d 1.71-2.20 ppm) in cor responding 

sulfones. A singlet due to C H 3 p ro tons of C O O C H 3 g roup (4b,4m) at C 2 observed at 



M. Jain, M.A. Alabdalla and R.R. Gupta Heterocyclic Communications 

d 2 .13-2.30 p p m in b e n z o t h i a z i n e s is shifted to downfie ld (<5 2 .54- 2.59 p p m ) in 

cor responding sulfones (5b,5m). T h e singlet observed at <5 3.58 ppm due to O C H 3 p ro tons 

at para posi t ion of benzoyl side chain at C 2 in benzo th iaz ine ( 4 i J is also shifted to 

downfield (d 4 . 6 2 p p m ) in cor responding sulfone (5i) . Convers ion of benzo th i az ines to 

sulfones involves convers ion of sulfides l inkage to sulfoxide and resul ts in shifting 

resonance signals to downfields. It is due to decreased local d iamagnet ic sh ie ld ing of 

the subs t i tuent an i so t rop ic deshie lding. In sulfones, th iazine nucleus conta ins large close 

loops of ; r -e lect rons in compar is ion to pa ren t benzo th iaz ine due to the convers ion of 

sulfide l inkage to dioxide, in which s trong d iamagne t ic cu r ren t is induced by the magne t ic 

field. The effect resu l t s in an increased ring cu r ren t effect causing the desh ie ld ing of 

a romat ic p ro tons and any group conta ined in the p lane of the th iazine nuc leus . 

Mass Spectra 

T h e mass spec t rum of each benzo th iaz ine shows molecu la r ion peak in accordance 

with its molecu la r weight and in all cases side chain at C 2 appear s as base peak 

(Scheme-3) 

Scheme 3 
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