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Abstract—New 2-(1-methyl-1H-pyrrol-2-yl)- and 2-(1-methyl-1H-indol-3-yl)-5-fluoro- and -6,7,8-trifluoro-
1,3-benzothiazin-4-ones have been synthesized in high yields by reaction of o-fluorobenzoyl isothiocyanates
with C-nucleophilic 1-methyl-1H-pyrrole and 1-methyl-1H-indole, followed by base-catalyzed cyclization. The
products were characterized by 'H, "°C, and "’F NMR and mass spectra and X-ray diffraction data.
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Increased interest in 2-substituted 1,3-benzothiazin-
4-ones over the last decade is determined by the fact
that 8-nitro-6-trifluoromethyl-1,3-benzothiazin-4-ones
BTZ043 and PBTZ containing a piperidine or pipera-
zine fragment in the 2-position showed high antimyco-
bacterial activity against multidrug-resistant M. Tuber-
culosis strains [1, 2]. We previously synthesized
a series of 2-substituted fluorine-containing 1,3-benzo-
thiazin-4-ones which exhibited a high antimycobac-
terial activity at a MIC level of 0.3—1.0 nM [3]. There
are data on another type of biological activity of 2-sub-
stituted benzothiazinones: 2-azinyl-1,3-benzothiazin-4-
ones were found to inhibit oxidative stress-induced
cardiomyocyte apoptosis [4].

Fluorine-free 2-hetaryl-1,3-benzothiazin-4-ones,
including 2-pyrrolyl- and 2-indolyl-substituted deriva-
tives, were synthesized by reaction of methyl 2-sul-
fanylbenzoate with the corresponding hetarenecarbo-
nitriles [5]. However, fluorinated 2-sulfanylbenzoic
acids are difficultly accessible compounds; therefore,
in the present work fluorinated 1,3-benzothiazinones
were obtained from 2-halobenzoyl isothiocyanates as
starting compounds. Analogous approach was success-
fully utilized by us previously in the reaction of 2,6-di-
fluorobenzoyl isothiocyanate (1a) with CH-acidic
benzimidazoles and pyridines [6]. It was also shown
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that 2,3,4,5-tetrafluorobenzoyl isothiocyanate (1b)
smoothly reacts with 2-aminopyridines to give the cor-
responding ureas capable of undergoing intramolecular
cyclization to 2-(pyridin-2-ylamino)-1,3-benzothia-
zinones [7-10].

The addition of 1-methyl-1H-pyrrole and 1-methyl-
1H-indole as C-nucleophiles to the N=C bond of iso-
thiocyanates 1a and 1b smoothly occurred in aceto-
nitrile at room temperature to give mixtures of primary
addition products 2, 3 and 1,3-benzothiazin-4-ones 4, 5
(according to 'H and 'F NMR data). It should be
noted that a 1:1 mixture of the corresponding addition
product and 1,3-benzothiazin-4-one was also formed in
the reaction of tetrafluorobenzoyl isothiocyanate (1b)
with 2-(cyanomethyl)benzimidazole under analogous
conditions [11]. Pure addition product 2a was isolated
by recrystallization of mixture 2a/4a and character-
ized. The cyclization of 2 and 3 to targeted 2-substi-
tuted 1,3-benzothiazin-4-ones 4 and 5 was completed
by heating in boiling toluene or dimethylformamide
in the presence of triethylamine; the yields of 4 and 5
were 64—86%.

The structure of 1,3-benzothiazin-4-ones 4 and 5
was confirmed by 'H, "°C, and "F NMR and mass
spectra. The '"H NMR spectra of 4 and 5 contained
signals due to protons in the pyrrole (indole) fragment,
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whereas no NH signal was present. The 5-H proton in
the spectra of 6,7,8-trifluoro derivatives 4b and Sb
resonated as a doublet of doublets at & 7.96-8.08 ppm.
5-Fluoro derivatives 4a and 5a displayed three signals
of protons in the benzene ring at 5, ppm: 7.28-7.31
(6-H), 7.43-7.44 (8-H), and 7.66—-7.69 m (7-H). In the
F NMR spectra of 4b and 5b we observed multiplet
signals of three fluorine atoms. The fluorine atom in
5-fluoro derivatives 4a and Sa resonated at 6y —109.0
and —109.5 ppm, respectively. The '"H-">C HMBC
spectrum of 5a showed a cross-peak between C* and
protons of the NMe group, indicating that the
2-position is occupied by indol-3-yl rather than indol-
2-yl substituent.

The molecular ions in the mass spectra of 1,3-ben-
zothiazin-4-ones 4 and 5 had a relative intensity of 12—
30%. The ion peak [M — HetCN]" (m/z 154) was the
base one (/; 100%) only in the mass spectrum of
5-fluorobenzothiazinone 4a, whereas the [HetCN]" ion
was the most abundant for the other compounds
(m/z 106 for 4b; m/z 156 for 5a and Sb). It should be
emphasized that elimination of RCN from the molec-
ular ion is the main fragmentation pathway of 2-R-sub-
stituted 1,3-benzothiazin-4-ones [7] and pyrido[3,2-¢]-
[1,3]thiazin-4-ones [12].

According to the X-ray diffraction data, the thiazine
ring in 4a is not planar (Fig. 1), and the sulfur atom is
disordered by two positions with a population ratio of
9:1. The disordered components deviate from the
C°C°N*C? plane by 0.165 and 0.346 A, respectively.
The C* atom deviates from that plane by 0.195 A, and
the O' atom, by 0.538 A. The deviation of the oxygen
atom is likely to be caused by the short intramolecular
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contact F---O. The pyrrole ring lies approximately in
the mean-square plane of the benzothiazine system. In
addition, short C*H---O' contact [1.5 — x, y — 0.5,
0.5 — z] is observed in crystal, presumably due to
acidity of the 8-H proton located in the ortho position
with respect to the 7-fluorine atom exerting a con-
siderable —/ effect.

Thus, we have synthesized in good yields 2-hetaryl-
substituted fluorine-containing 1,3-benzothiazin-4-
ones from readily accessible fluorobenzoyl isothio-
cyanates and C-nucleophilic heterocycles.

General procedure for the synthesis of 1,3-ben-
zothiazin-4-ones 4a, 4b, 5a, and Sb. A solution of
0.456 g (6 mmol) of ammonium thiocyanate in 10 mL
of anhydrous acetonitrile was added to a solution of
6 mmol of 2,6-difluorobenzoyl chloride or 2,3,4,5-tet-

Fig. 1. Structure of the molecule of 5-fluoro-2-(1-methyl-
1H-pyrrol-2-yl)-1,3-benzothiazin-4-one (4a) with atom
numbering.
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rafluorobenzoyl chloride in 3 mL of anhydrous aceto-
nitrile. The mixture was heated for 5 min at 40°C, the
precipitate of ammonium chloride was filtered off, and
a solution of 6 mmol of 1-methyl-1H-pyrrole or
1-methyl-1H-indole in 5 mL of acetonitrile was added
to the filtrate containing isothiocyanate 1a or 1b. The
mixture was stirred for 3 h at room temperature, and
the precipitate (mixture 2/4 or 3/5) was filtered off and
washed with hexane. The product was dissolved in
10 mL of anhydrous toluene (2a/4a, 2b/4b, 3a/5a,
3b/5b) or 3 mL of anhydrous DMF (2a/4a, 3a/5a),
0.18 mL (1.2 mmol) of triethylamine was added, and
the mixture was refluxed for 3 h. After cooling, the
precipitate was filtered off, washed with water, and
recrystallized from DMSO.
5-Fluoro-2-(1-methyl-1H-pyrrol-2-yl)-1,3-benzo-
thiazin-4-one (4a). Yield 86% (in DMF), 82% (in
toluene), mp 148-150°C. '"H NMR spectrum, 8, ppm:
4.10 s (3H, CH3), 6.26 d.d (1H, 4’-H, J=4.1, 2.5 Hz),
7.17d.d (1H, 3'-H, J=4.1, 1.6 Hz), 7.28 m (1H, 5'-H),
7.31 d.d (1H, 6-H, J = 10.1, 8.4Hz), 7.44 d (1H, 8-H,
J = 8.0 Hz), 7.69 t.d (1H, 7-H, J = 8.1, 5.0 Hz).
BC NMR spectrum, 3¢, ppm: 37.7 (CHs), 99.5 (C"),
110.0 (C*), 112.2 (C*, J = 10 Hz), 116.5 (C°, J =
22 Hz), 119.6 (C*), 122.2 (C*, J = 4 Hz), 126.6 (C%),
134.2 (C’, J= 8 Hz), 137.0 (C¥, J= 1 Hz), 160.3 (C?),
161.8 (C°, J = 260 Hz), 165.7 (C=0, J = 4 Hz).
PF—{'"H} NMR spectrum: 8¢ —109.50 ppm. Mass spec-
trum, m/z (I, %): 260 (30) [M]", 154 (100), 126 (29),
110 (21), 106 (26), 105 (13), 69 (11). Found, %:
C 60.07; H 3.56; N 10.11. C;3HoFN,OS. Calculated,
%: C 59.99; H 3.49; N 10.77. M 260.29.
6,7,8-Trifluoro-2-(1-methyl-1H-pyrrol-2-yl)-1,3-
benzothiazin-4-one (4b). Yield 71% mp 199-201°C.
"H NMR spectrum, &, ppm: 4.06 s (3H, CH3), 6.32 d.d
(1H, 4'-H, J=4.2,2.5 Hz), 7.31 d.d (1H, 3'-H, J=4.2,
1.6 Hz), 7.40 m (1H, 5'-H), 7.96 d.d.d (1H, 5-H, J =
10.5, 7.5, 2.2 Hz). >C NMR spectrum, 8¢, ppm: 37.7
(CH3), 110.1 (C*), 112.2 (C*), 115.1 (C%), 118.4 (C°,
J =18, 4 Hz), 120.8 (C°), 124.4 (C*), 137.0 (C*, J =
11 Hz), 145.3 (C®, J = 258, 17, 4 Hz), 151.6 (C', J =
263, 16, 13 Hz), 158.3 (C°, J = 252, 18, 5 Hz), 161.9
(C?), 164.5 (C=0). "F—{'"H} NMR spectrum, &y, ppm:
—136.87 d.d (1F, 6-F, J = 21.1, 5.9 Hz), —139.38 d.d
(1F, 8-F, J = 20.7, 4.5 Hz), —155.25 d.d (1F, 7-F, J =
20.7, 21.1 Hz). Mass spectrum, m/z (L1, %): 296 (25)
[M]", 194 (35), 190 (34), 177 (47), 162 (27), 149 (37),
106 (100), 105 (26), 99 (39), 93 (12), 85 (75), 80 (13),
69 (10), 57 (11), 45 (12), 44 (39), 43 (18), 41 (11).
Found, %: C 5267, H 226, N 9.51. C13H7F3NQOS.
Calculated, %: C 52.70; H 2.38; N 9.46. M 296.27.

5-Fluoro-2-(1-methyl-1H-indol-3-yl)-1,3-benzo-
thiazin-4-one (5a). Yield 81% (in DMF), 69% (in
toluene), mp 190-192°C. '"H NMR spectrum, 3, ppm:
3.92 s (3H, CHs), 7.33-7.37 m (3H, 5'-H, 6-H, 6¢'-H),
7.50 m (1H, 8-H), 7.58 m (1H, 7'-H), 7.70 m (1H,
7-H), 8.44 m (1H, 4'-H), 8.53 s (1H, 2’-H). °C NMR
spectrum, 8¢, ppm: 33.5 (CHs), 99.5 (C*), 111.2 (C"),
112.3, 112.6 (C*, J = 11 Hz), 116.4 (C°, J = 22 Hz),
121.8 (C*), 122.1 (C*, J = 5 Hz), 122.8, 123.6, 124.7,
134.0 (C7, J = 10 Hz), 136.8 (C%), 137.9 (C™™), 161.7
(C°, J =267 Hz), 164.2 (C?), 166.0 (C=0, J = 4 Hz).
YF—{'H} NMR spectrum: 8y —109.02 ppm. Mass spec-
trum, m/z (I, %): 310 (15) [M]", 157 (11), 156 (100),
155 (24), 154 (15), 126 (12). Found, %: C 65.87;
H 3.66; N 9.21. C{7H;;FN,OS. Calculated, %: C 65.79;
H 3.57; N 9.03. M 310.35.

6,7,8-Trifluoro-2-(1-methyl-1H-indol-3-yl)-1,3-
benzothiazin-4-one (5b). Yield 64%, mp 307-309°C.
'"H NMR spectrum, o, ppm: 3.98 s (3H, CH;), 7.34 m
(2H, 5'-H, 6-H), 7.57 m (1H, 7'-H), 8.08 d.d.d (1H,
5-H, J = 9.6, 8.0, 1.7), 8.50 m (1H, 4'-H), 8.70 s (1H,
2'-H). *C NMR spectrum, 8¢, ppm: 34.6 (CHs), 110.9,
113.5, 118.6 (C°, J = 18, 5 Hz), 120.2, 121.4, 121.9,
122.3, 122.8, 136.9, 137.1, 137.9 (C*, J = 11 Hz),
145.4 (C*, J =259, 18, 5 Hz), 152.2 (C’, J = 258, 17,
12 Hz), 157.9 (C% J = 254, 17, 6 Hz), 162.8 (C?),
164.8 (C=0). "F—{'H} NMR spectrum, 8y, ppm:
~134.01 d.d (IF, 6-F, J = 21.4, 5.0 Hz), —135.42 d.d
(1F, 8-F, J = 20.6, 5.0 Hz), —152.90 d.d (1F, 7-F, J =
20.8, 21.4 Hz). Mass spectrum, m/z (I, %): 346 (12)
[M]", 190 (3.6), 157 (12), 156 (100), 155 (23). Found,
%: C 59.05; H 2.70; N 8.03. C;7HoF;N,0S. Calculated,
%: C 58.96; H 2.62; N 8.09. M 346.33.

2,6-Difluoro-N-(1-methyl-1H-pyrrole-2-carbo-
thioyl)benzamide (2a) was isolated by recrystalliza-
tion of mixture 2a/4a from ethanol, mp 117-119°C.
'"H NMR spectrum, o, ppm: 3.94 s (3H, CHj3), 6.11 m
(1H, 4’-H), 6.88 m (1H, 3’-H), 7.05 m (2H, 3-H, 5-H),
7.19 m (1H, 5'-H), 7.49 m (1H, 4-H), 11.9 br.s (1H,
NH). "F—{'"H} NMR spectrum: 8z —112.78 ppm. Mass
spectrum, m/z (I, %): 280 (43) [M]", 141 (100)
[CsH3F,C(0)]", 123 (29), 113 (39), 112 (11), 107
(69), 106 (23), 105 (13), 80 (19), 63 (20), 39 (11).
FOllIld, %: C 5577, H 365, N 9.92. C13H10F2N20$.
Calculated, %: C 55.71; H 3.60; N 9.99. M 280.30.

The 'H, C, and "’F NMR spectra were recorded
from solutions in DMSO-ds on a Bruker Avance-400
spectrometer; the chemical shifts were measured
relative to tetramethylsilane ('"H, '*C) or CFCl; (*°F) as
internal standard. The mass spectra (electron impact)
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were recorded on a Shimadzu GCMS-QP2010 Ultra
instrument. The elemental compositions were deter-
mined using a Perkin Elmer 2400 Series II CHN
analyzer. The melting points were measured with
a Boetius melting point apparatus.

The X-ray diffraction data for compound 4a were
obtained from a 0.45x0.37x0.28-mm single crystal
(brown prism) at 295(2) K on an Xcalibur E dif-
fractometer with a CCD detector (Cu K, radiation,
A 154.184 pm, graphite monochromator). An empirical
correction for absorption (p = 2.520 mm') was
applied. Monoclinic crystal system, space group C2/c;
C13HoFN,OS; unit cell parameters: a = 12.318(11), b =
8.659(2), ¢ = 22.544(14) A; B = 105.685(2)°; V =
2315(3) A%; Z = 8. Total of 10733 reflection intensities
were measured in the range 4.07 < 0 < 65.34, including
1831 independent reflections (R;, = 0.0556), and 1705
reflections with /> 26(/); completeness 96.4% for 6 =
65.34°. The structure was solved by the direct method
and was refined against F~ by the least-squares method
using SHELXTL package [13]. All hydrogen atoms
were placed in directly calculated positions which
were refined according to the riding model in isotropic
approximation. Goodness of fit § = 1.006; final
divergence factors: Ry = 0.0437, wR, = 0.1272 for
reflections with 7 > 26(/); R, = 0.0478, wR, = 0.1309
for all independent reflections. Maximum and
minimum residual electron density peaks 0.258 and
—226 & A7, respectively. The X-ray diffraction data
for compound 4a were deposited to the Cambridge
Crystallographic Data Centre (CCDC entry
no. 1529104) and are available at http:/
www.ccdc.cam.ac.uk.
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