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SYNTHESIS OF SULFONES OF
4H-1,4-BENZOTHIAZINES AND PHENOTHIAZINES

Gulshan Kumar, Vandana Gupta, D. C. Gautam,
and R. R. Gupta
Department of Chemistry, University of Rajasthan, Jaipur, India

(Received September 23, 2003; accepted February 11, 2004)

Conversion of 5/7-chloro-4H-1,4-benzothiazines and 1/3-chloro-
phenothiazines into sulfones is reported. The 5/7-chloro-4H-1,4-
benzothiazines were synthesized by the condensation and oxidative cy-
clization of 2-amino 3/ 5-chlorobenzenethiol with B diketones in DMSO.
The phenothiazines have been synthesized via Smiles rearrangement
by the reaction of 2-amino-3/5-chlorobenzenethiol with halonitroben-
zenes. 4H-1,4-Benzothiazine and phenothiazine sulfones have been pre-
pared by the oxidation of benzothiazines and phenothiazines with
30% hydrogen peroxide in glacial acetic acid. The structure of all the
synthesized compounds has been confirmed by IR and NMR spectral
studies.

Keywords: 2-Amino 3/5-chlorobenzenethiol; 4H-1,4-benzothiazines;
4H-1,4-Benzothiazine sulfones; 8-diketones; phenothiazines; phenoth-
iazine sulfones

4H-1,4-Benzothiazines and phenothiazines comprise an important
class of heterocycles containing a 1,4-thiazine ring. Both benzoth-
iazines and phenothiazines possess a wide range of pharmacological
and biological activities.!1° The oxidation of sulfide linkage in both the
compounds leads to an interesting class of heterocyclic sulfones. The
synthesized sulfones possess useful medicinal'’~'® and industrial’™2°
applications. It has stimulated our interest to understand oxidation be-
havior of benzothiazines and phenothiazines and to investigate changes
in infrared and nuclear magnetic resonance spectra by the conversion
of sulfide linkage into sulfones.

Thanks are due to CDRI, Lucknow for providing NMR spectra.
Address correspondence to R. R. Gupta, Department of Chemistry, University of
Rajasthan, Jaipur-302004, India. E-mail: rrg_vg@yahoo.co.in; rrgupta@datainfosys.net
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DISCUSSION

In the present work 4H-1,4-benzothiazines and phenothiazines have
been converted to their corresponding S,S-dioxide by reacting them
with 30% hydrogen peroxide in glacial acetic acid (Schemes 1 and
2). 4H-1,4-Benzothiazine?2? were prepared by the condensation and
oxidative cyclization of 2-amino-3/5-chlorobenzenethiol with B dike-
tones in dimethylsulfoxide. The phenothiazines were prepared by
the Smiles rearrangement?3—25 of 2-amino-3/5-chlorobenzenethiols with
o-halonitrobenzenes.

‘I

30% H202 CHs
Glac1a1 AcOH
ﬁ R?

0O
111 IVa-d
= CgH4-Br(m), C¢Hy-CHs3(m), C¢H4-CoHs(p)
=CLH;R°=CLH
SCHEME 1
R R’ R R’
H H
N 30%H,0, N
—_—
R S R Glacial AcOH 5 s 2
7N\
O
| IIa,b

R'=NOy; R*=CF;;R®*=CL H; R*=CL H

SCHEME 2

EXPERIMENTAL

All the melting points are uncorrected. The purity of all the compounds
has been checked by thin layer chromatography using various nonaque-
ous solvent systems and characterized by spectral studies. The infrared
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TABLE I Physical and Analytical Data of Phenothiazine Sulfones (I1, )

M.p. Yield Molecular % (Caled.) found

Compd. R! R? R3 R4 (°C) (%) formula C H N
I I I v v X X XI XII XIII XIV
11, NO, CF3 H Cl 176-178 55 Cy3HgCIF3N,04S (41.23) (1.60) (7.40)
4122 1.62 17.41
11, NO, CF3 Cl H 220222 65 C;3HgCIF3N,04S (41.23) (1.60) (7.40)

4121 161 7.42

(IR) spectra were recorded on Fourier transform infrared (FTIR) spec-
trometer, MAGNA IR 550, NICOLET in potassium bromide discs and
in chloroform solution. 'H NMR were scanned at 90 MHz on Jeol FX
90Q FT NMR spectrometer in using TMS as an internal standard.

Preparation of 4H-1,4-Benzothiazine and Phenothiazine
Sulfones

To a solution of 0.01 mole of the compound (phenothiazine or 4H-1,4-
benzothiazine) in 15 ml of glacial acetic acid, 5 ml of 30% hydrogen
peroxide was added and refluxed at 50-60°C for 15 min. Heating was
stopped and another lot of 5 ml of 30% hydrogen peroxide was added.
The solution was refluxed for 4 h. The solution was poured into a beaker
containing crushed ice. The yellow residue separated out was collected
and crystallization from ethanol afforded the desired products. Analyt-
ical data of phenothiazine and 4H-1,4-benzothiazine sulfones are tab-
ulated in Tables I and II, respectively.

IR and NMR are included, and changes caused in the spectra by
oxidation of sulfide linkage to sulfones are discussed.

TABLE IT Physical and Analytical Data of 4H-1,4-Benzothiazine Sulfones

(IVa-a)
m.p. Yield Molecular % (Caled.) found
Compd. R! R2? R cC) (%) formula C H N
I II III v A% VI Vil VIII X X
IV, Cl H CgHy- 314- 65 CiH11BrCINO3S (46.57) (2.69) (3.39)
Br(m) 316 46.52 2.66 3.32
vy, H Cl CgHy- 208- 50 CigH11BrCINO3S (46.57) (2.69) (3.39)
Br(m) 210 46.53 2.67 3.36
A Cl H CgHy- >360 48 C17H14CINO3S  (58.70) (4.06) (4.03)
CHj3(m) 58.69 4.02 4.01
IVq H Cl CgHy- 222 55 C1gH16CINO3S  (59.75) (4.46) (3.87)

CoH;5(p) 59.70 4.44 3.84
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INFRARED SPECTRA

Sulfone group is of high polarity and strong bonding which causes vibra-
tional localization and thereby exhibits well-defined group frequency in
the IR region.

IR spectra have been recorded both in potassium bromide pellets
and chloroform solution. In the crystalline state as well as in chloro-
form all the phenothiazines (IIla, b) and 4H-1,4-benzothiazine sulfones
(IVa—d) exhibit three characteristic intense absorption bands viz 1151,
519, and 1361 cm~!, which can be attributed to the three strong fun-
damental absorption bands in the molecule of sulfur dioxide. All the
synthesized 4H-1,4-benzothiazine sulfones (IVa—d) and phenothiazine
sulfones (IIa, b) give asymmetric stretching mode of the sulfonyl group
as sharp peaks in the regions 1350-1310 cm~! and 1370-1320 cm ™! in
chloroform. This peak in the solid state splits into three bands in the
regions 1430-1380 cm !, 1370-1290 cm ™!, and 1280-1200 cm ! in ben-
zothiazine sulfones and at 1350 cm ™!, 1310 cm !, and 1290-1210 cm ™!
in phenothiazine sulfones (Ila, b). The asymmetric stretching vibra-
tions in the sulfones are strongly affected on passing from solution to
the crystalline state.

The symmetrical stretching vibrations give rise to a doublet and in
same cases a broad signal in potassium bromide in the region 1190—
1070 cm~! and 1190-1120 cm~! for benzothiazine and phenothiazine
sulfones, whereas in solution they appear in the region 1180-1070 cm !
and 1160-1100 cm™!, respectively. These frequencies are slightly af-
fected by the state of aggregation.

The bending vibrations in sulfur dioxide exhibit medium absorption
band in the low frequency region 595-510 cm~!. Thus the bands ap-
pearing in the region 580-500 cm~! in 4H-1,4-benzothiazine sulfones
(IVa—d) and in the region 590-500 cm~! in phenothiazine sulfones (Ila,
b) can be ascribed to sulfur dioxide scissoring (D) and rocking vibrations
(E). The infrared spectral data of benzothiazine sulfones and phenoth-
iazine sulfones are summarized in Tables III and IV.

N\
NN\

Cr O Oy O«
(D) (E)

FIGURE 1
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TABLE III Infrared Spectral Data of Substituted
4H-1,4-Benzothiazines and Their Sulfones (IVa—d) (in KBr in cm™1)

Compounds
R! R? R3 A B C

IIa Cl H CgHy4-Br(m) (3410) (1610) (1070)
3375 1605 1060

IIb H Cl CgHy4-Br(m) (3410) (1670) (1090)
3260 1610 1030

IIc Cl H CgH4-CH3z(m) (3300) (1690) (1050)
3260 1670 1010

11d H Cl CgH4-CoHs(m) (3400) (1680) (1080)
3270 1610 1040

*The bonds in brackets corresponds to sulfones.
A, N—H streching vibrations; B, C=0 streching vibrations; C, v (C—S)
streching vibrations.

The substituted vibrations can provide information about the elec-
tron donor and electron acceptor abilities of the heteroaromatic rings.
In the present investigation substituted vibrations both in sulfones and
in their parent phenothiazines and benzothiazines have been examined
(Tables III and IV). The vibrational frequency corresponding to each
substitutuent is shifted to higher frequency in both types of sulfones.

In phenothiazines N—H stretching frequency appears in the re-
gion 3280-3260 cm~!, and in their sulfones (IIa, b) they appear in
the region 3310-3280 cm~!. A sharp intense peak observed for 4H-
1,4-benzothiazines in the region 3375-3260 cm™! due to free N—H
stretching vibrations shifts to higher frequency region 3410-3400 cm !
in the corresponding sulfones (IVa—d).

In 4H-1,4-benzothiaines a sharp band that appears in the region
1670-1605 cm~! due to C=O0 stretching vibrations is shifted to higher

TABLE IV Infrared Spectral Data of Phenothiazines and
Their Sulfones (IIa, b) (in KBr in cm™1)

Compounds
R! R? R3 R* A B
IVa Cl H NO, CFs (3280) (1050)
3260 1030
IVb H Cl NO, CFs (3310) (1060)
3280 1020

*The bonds in brackets corresponds to sulfones.
A, N—H streching vibrations; B, C=0 streching vibrations.
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TABLE V 'H NMR Spectral Data of Benzothiazines and
Benzothiazine Sulfones (IVa—d) in ppm

Compounds
R! R? R3 A (NH) B (Aromatic) C (CHgz atC3)

Iva Cl H CgH4-Br(m) (8.9 (8.33-7.44) (2.3)
9.22 8.24-7.00 1.61

IVb H Cl CgH4-Br(m) (9.57) (8.55-7.67) (1.80)
9.33 8.33-6.69 2.07

IVe ClI H  CgHy4-CHs(m) (9.03) (8.24-7.32) (2.63)
8.6 8.05-7.140 2.53

IVd H ClI CgHy4-CoHs(p) (10.5) (8.62-7.16) (2.28)
8.97 8.08-6.49 2.21

*The bands in bracket corresponds to sulfones.

frequency region 1690-1610 cm™~! in the corresponding sulfones (IVa—

d). The mesomeric and —1 effects of SO group, both operating in the
same direction, hinder the conjugation of a lone pair of electrons at
nitrogen with the carbonyl group. The lone pair of electrons at nitrogen
are withdrawn more effectively towards the ring due to SO group, and
it conjugates less effectively with carbonyl group and results in higher
frequency of carbonyl group.

The C—S stretching vibrations appearing in the region 1060-
1010 cm~! and 1030-1020 cm ™! in benzothiazines and phenothiazines
are shifted to higher frequency region 1090-1050 cm~! and 1060-
1050 cm ™!, respectively, in the corresponding sulfones.

PROTON MAGNETIC RESONANCE SPECTRA

The signals are normally observed in low fields in both phenoth-
iazines and benzothiazines sulfones as compared to their parent

TABLE VI 'H NMR Spectral Data of Phenothiazines and
Phenothiazines Sulfones (I1a, b) in ppm

Compounds
R1 R2 R3 R4 A (NH) B (Aromatic)
ITa Cl H NOg CFs (10.3) (8.93-7.16)
10.30 8.15-6.97
ITb H Cl NOq CF3 (11.2) (8.87-7.60)
9.85 8.01-6.93

*The bands in bracket corresponds to sulfones.
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phenothiazines and benzothiazines. The nuclear magnetic resonance
spectral data for benzothiazines and their sulfones and for phenoth-
iazines and their sulfones have been described in Tables V and VI,
respectively.

All the synthesized benzothiazine sulfones (IVa—d) exhibit a sin-
gle sharp peak in the region § 10.5-8.9 ppm due to N—H proton. All
compounds show multiplet in the region § 8.62—7.16 ppm due to aro-
matic protons. That compounds (IVa—d) show resonance signal in the
region § 2.63—-1.80 ppm is attributed to allylic protons (C=C—CHgj) at
C3. Compounds IVc exhibit a singlet at § 1.74 ppm due to CH3 protons
at 3-position of benzoyl side chain at Cy. The synthesized compound
IVd exhibits quartet and triplet in the region § 3.36-2.72 ppm and
§1.83—1.20 ppm due to CHy and CHj protons of CoHjs group at p-position
to benzoyl side chain at Cs.
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