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Abstract — A new and simple method for the preparation of (E)-N-substituted
1,2-benzothiazol-3(2H)-imine 1,1-dioxide derivatives has been developed.
2 ,N-Dilithiobenzenesulfonamides, generated by the treatment of secondary
benzenesulfonamides with two equivalents of butyllithium, react with
isothiocyanates to afford the corresponding 2-(aminosulfonyl)benzothioamides,
which undergo ring closure with a formal elimination of hydrogen sulfide on
treatment with thionyl chloride in the presence of two equivalents of pyridine to
provide the desired products. Acid hydrolysis of some of these products leads to

the formation of N-substituted saccharins.

Some 1,2-benzothiazol-3(2H)-imine 1,1-dioxide derivatives have been reported to be useful as
agrochemicals,' such as insecticides' and pesticides,'”* and veterinary drugs, such as animal pest control
agents. These compounds have been traditionally prepared by the reaction of
2-(chlorosulfonyl)benzonitriles with primary amines.! Meanwhile, only a few synthetic methods of
N-substituted derivatives, which may be of medicinal importance, have been developed. The synthesis
utilizing Pd-catalyzed annulation of 2H-1,2,3 4-benzothiatriazine 1,1-dioxides with 2,6-xylyl isocyanide
has been reported by Miura et al.,” and Liu et al. have reported the synthesis by Pd-catalyzed annulation
of 2-halobenzenesulfonamides with isocyanides.’ We envisaged that the reaction of 2N-
dilithiobenzenesulfonamides, generated from secondary benzenesulfonamides, with isothiocyanates could
give the corresponding 2-(aminosulfonyl)benzothioamides, from which a formal elimination of hydrogen
sulfide would provide N-substituted 1,2-benzothiazol-3(2H)-imine 1,1-dioxide derivatives.* We have

found that thionyl chloride in the presence of two equivalents of pyridine is effective for this ring closure.
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In this paper we wish to describe the results of our study, which offer a facile and general entry to
N-substituted 1,2-benzothiazol-3(2H)-imine 1,1-dioxide derivatives from readily available starting
materials.

The preparation of 2,(E)-N-disubstituted 1,2-benzothiazol-3(2H)-imine 1,1-dioxides (3) from secondary
benzenesulfonamides (1) was conducted according to the procedure shown in Scheme 1. In the first step
of the method, compounds (1) were treated with two equivalents of butyllithium in THF at 0 °C to
generate 2,N-dilithiobenzenesulfonamides following to the procedure reported by Hauser et al., whereby
this type of dilithio compounds were first generated.” Then, these were allowed to react with
isothiocyanates at the same temperature to give, after aqueous work-up and subsequent purification, the
corresponding 2-(aminosulfonyl)benzothioamides (2). The yields of the products were generally fair to
good as listed in Table 1. N-Arylbenzenesulfonamides (1e) and (1i) also proved to be satisfactorily used
in the reaction to give the desired products (2e) and (2i), respectively, in relatively good yields (Entries 8
and 13). In the cases using 4-chlorobenzenesulfonamides (1f) and (1g) (Entries 10-12), yields of the
corresponding products were rather lower than those of the others; some structurally undefined
by-products were formed. These results may be caused by deprotonation at the ortho position to the

chloro substituent and/or nucleophilic substitution with this substituent.
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Scheme 1

Cyclization of 2-(aminosulfonyl)benzothioamides (2) thus prepared with a formal elimination of
hydrogen sulfide to (E)-N-substituted 1,2-benzothiazol-3(2H)-imine 1,1-dioxides (3) was then carried out.
When compounds (2) were treated with thionyl chloride in DMF in the presence of two equivalents of
pyridine at 0 °C, the desired products (3) were obtained, as shown in Scheme 1 as well. Table 1 also
shows the yields of 3, which are generally fair-to-good independent of the substituents R', R, and R’ of 2.
The stereochemistry of the products was determined by NOESY analyses. For example, a strong
interaction between the signal at O 3.95 assigned to methylene protons and that at 6 8.07 assigned to 4-H
of compound (3a-ii) was observed (Figure 1). The high field shifts of the signals due to the 4-protons of
N-aryl derivatives (3b-ii) (0 6.50) and (3f-ii) (d 6.90) may support the stereochemistry. It is noteworthy

that no stereoisomeric products were obtained.
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Table 1. Preparation of (E)-N-substituted 1,2-benzothiazol-3(2H)-imines (3)

1277

Entry 1 R' R? R’ in R*NCS 2 Yield/%" 3 Yield/%"
1 1a H Me Me 2a-i 58 3a-i 68
2 1a H Me Et 2a-ii 76 3a-ii 63
3 1b Me Me Et 2b-i 78 3b-i 62
4 1b Me Me Ph 2b-ii 76 3b-ii 60
5 1c Me Et Et 2c 89 3c 65
6 1d Me n-Bu Me 2d-i 60 3d-i 66
7 1d Me n-Bu Et 2d-ii 77 3d-ii 70
8 le Me Ph Et 2e 73 3e 72
9 1f Cl Me Et 2f-i 58 3f-i 67
10 1f Cl Me 4-MeOCH, 2f-ii 38 3f-ii 62
11 1g Cl Et Me 2g 30 3g 66
12 1h OMe Me Et 2h 70 3h 61
13 1i OMe Ph Me 2i 60 3i 71
* Yields of isolated products.
géprojectY —— J :
g —
: R
g { S |
't% r“‘ . !
X : 8.06114[ppm] @ ;
Y : 3.93412[ppm] * ‘
1:99.67364[mabn] | | )
3*_ T gfi ‘
& : é
837 ?9 4 @
£ —,
s ]
g
H
>..: """"""" | IS | L T L T @ rrrrrrrrrro -
8.0 7.0 6.0 5.0 4.0 10.0
X : parts per Million : Proton abundance

Figure 1. The NOESY spectrum of compound (3a-ii)
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The mechanistic rationale, depicted in Scheme 2, commences with the action of thionyl chloride on the
thioamide moiety of 2 to give the intermediate (4). Rearrangement with elimination of S=S=0 gives the
imidoyl chloride intermediate (5), which undergoes an intramolecular ring closure to give the products (3).
This mechanism can explain the necessity of two molar amounts of pyridine for the satisfactory

production of the desired products.
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Scheme 3

Table 2. Preparation of 1,2-benzothiazol-3(2H)-one 1,1-dioxides (4)

Entry 3 R' R? R’ 4 Yield/%*
1 3a-ii H Me Me 4a 74
2 3d Me n-Bu Et 4d 73
3 3f-i Cl Me Et 4f 72
4 3g Cl Et Me 4g 87
5 3i OMe Ph Me 4i 68

* Yields of isolated products.

Hydrolysis of N-substituted 1,2-benzothiazol-3(2H)-imine 1,1-dioxides (3) was expected to give
N-substituted saccharin (1,2-benzothiazol-3(2H)-one 1,1-dioxide) derivatives (4). Indeed, some of
compounds (3) were subjected to the treatment with concentrated hydrochloric acid in refluxing THF
afforded 4, as illustrated in Scheme 2. The conversion proceeded quickly and cleanly under the conditions
and the desired products were obtained in relatively good yields, as compiled in Table 2. Recently,
N-substituted saccharins attract considerable attention, because some of them exhibit a variety of
biological activities’ and they have been used as precursors for the construction of other heterocyclic

compounds, which are of biological importance as well.” Although a number of methods for the



HETEROCYCLES, Vol. 96, No. 7, 2018 1279

preparation of saccharin derivatives have been recently reported,® the present method is unprecedented
and features operational simplicity.

In conclusion, we have developed a new and concise procedure for the preparation of 2,(FE)-N-
disubstituted 1,2-benzothiazol-3(2H)-imine 1,1-dioxides by thionyl chloride-mediated cyclization of the
corresponding 2-(aminosulfonyl)benzothioamides, derived from secondary benzenesulfonamides and
isothiocyanates. The present method may find some value in organic synthesis because it has some
advantages over the previously reported ones*” in terms of the ready availability of the starting materials
and the simple synthetic manipulations using ordinary reagents under mild reaction conditions. Current

work is centered on utilization of these precursors to the synthesis of related heterocycles.

EXPERIMENTAL

All melting points were obtained on a Laboratory Devices MEL-TEMP II melting apparatus and are
uncorrected. IR spectra were recorded as KBr disks with a Perkin—Elmer Spectrum 65 FTIR
spectrophotometer. 'H and "C NMR spectra were recorded using TMS as an internal reference with a
JEOL ECP500 FT NMR spectrometer operating at 500 and 125 MHz, respectively. High-resolution MS
spectra were measured by a Thermo Scientific Exactive spectrometer. Elemental analyses were performed
with an Elementar Vario EL II instrument. TLC was carried out on Merck Kieselgel 60 PF,s,. Column
chromatography was performed using WAKO GEL C-200E. All of the organic solvents used in this study
were dried over appropriate drying agents and distilled prior to use.

Starting Materials. N-Butyl-4-methylbenzenesulfonamide (1d),” 4-chloro-N-methylbenzenesulfonamide
(1f)," 4-methoxy-N-methylbenzenesulfonamide (1h),'' and 4-methoxy-N-phenylbenzenesulfonamide
(1i)'"* were prepared according to the appropriate reported procedures. n-BuLi was supplied by Asia
Lithium Corporation. All other chemicals used in this study were commercially available.
4-Chloro-N-ethylbenzenesulfonamide (1g).” This compound was prepared in 85% yield from
4-chlorobenzenesulfonyl chloride and EtNH, by a procedure similar to that described for the preparation
of 1f. A white solid; mp 6567 °C (hexane/CH,Cl,) (lit.,” 73.5 °C); IR 3278, 1164 cm™'; 'H NMR
(CDCly) 8 1.12 (t,J =74 Hz, 3H), 2.99-3.05 (m, 2H), 4.68 (br s, 1H), 7.50 (d, J = 8.6 Hz,2H), 7.82 (d, J
= 8.6 Hz, 2H); "C NMR (CDCl,) 6 15.0,38.2,128.5,129.4, 128 4, 139.1.

Typical Procedure for the Preparation of 2-(Aminosulfonyl)benzothioamides (2). N-Ethyl-2-
(methylaminosulfonyl)benzothioamide (2a-ii). To a stirred solution of 1a (0.17 g, 1.0 mmol) in THF (4
mL) at 0 °C was added dropwise n-BuLi (1.6 M in hexane, 2.0 mmol). After 30 min, EtNCS (0.13 g, 1.5
mmol) was added dropwise and stirring was continued at the same temperature for an additional 30 min
before addition of aqueous NH,Cl (20 mL). The mixture was extracted with AcOEt (3 x 10 mL) and the

combined extracts were washed with brine (10 mL), dried (Na,SO,), and concentrated by evaporation.
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The residual solid was recrystallized to give 2a-ii (0.20 g, 76%); a yellow solid; mp 134-136 °C
(hexane/CH,Cl,); IR 3176, 1546, 1336, 1173 cm™"; '"H NMR (CDCl,) 8 1.37 (t,J = 7.4 Hz, 3H), 2.55 (d, J
= 3.4 Hz, 3H), 3.82-3.87 (m, 2H), 5.61 (br s, 1H), 733 (d,/=7.4 Hz, 1H), 745 (t,J =7.4 Hz, 1H), 7.58
(t,J =7.4 Hz, 1H),7.80 (d,J = 7.4 Hz, 1H), 8.08 (br s, 1H); "C NMR (CDCl;) § 12.6,29.5,41.5, 128.3,
128.7, 129.7, 1329, 133.5, 141.7, 198.1. HR-MS (DART, negative). Calcd for C,,H;N,0O,S, (M-H):
257.0419. Found: m/z 257.0421.

N-Methyl-2-(methylaminosulfonyl)benzothioamide (2a-i): a pale-yellow solid; mp 134-136 °C
(hexane/CH,Cl,); IR 3273, 3193 1325, 1166 cm™'; '"H NMR (CDCL,) 8 2.54 (d,J = 5.2 Hz, 3H), 3.33 (d, J
=4.6 Hz,3H),5.72 (q,J =52 Hz,1H),731 (d,J =74 Hz, 1H),745 (t,/J =74 Hz, 1H),7.59 (t,J =74
Hz, 1H), 7.71 (d, J = 7.4 Hz, 1H), 8.44 (br s, 1H); "C NMR (CDCl,) § 29.5, 33.3, 128.1, 128.7, 129.7,
133.1 (2 overlapped Cs), 141.4, 199.0. Anal. Calcd for C;H|,N,O,S,: C, 44.24; H, 495; N, 1147; S,
26.24. Found: C,44.07; H,5.03; N, 11.53; S, 26.32.
N-Ethyl-5-methyl-2-(methylaminosulfonyl)benzothioamide (2b-i): a pale-yellow solid; mp 129-131
°C (hexane/CH,CL,); IR 3272, 1548, 1324, 1162 cm™; "H NMR (CDCl,) 8 1.36 (t,J = 7.4 Hz, 3H), 2.42 (s,
3H),2.53 (d,J =4.6 Hz, 3H), 3.80-3.86 (m, 2H), 5.61 (q,J = 4.6 Hz, 1H), 7.11 (s, 1H), 7.22 (d,J =80
Hz, 1H),7.61 (d,J = 8.0 Hz, 1H), 8.19 (br s, 1H); "C NMR (CDCl;) 8 12.6,21.3,29.5,41.5,128.9,129.2,
1299, 130.5, 141.5, 144.0, 198.2. HR-MS (DART, negative). Calcd for C,,H,sN,0,S, (M-H): 271.0575.
Found: m/z 271.0578.

5-Methyl-2-(methylaminosulfonyl)-N-phenylbenzothioamide (2b-ii): a yellow solid; mp 149-151 °C
(hexane/CH,Cl,); IR 3293, 1546, 1329, 1165 cm™"; 'H NMR (CDCl,) & 2.47 (s, 3H), 2.54 (d, J = 5.2 Hz,
3H),5.46 (q,J = 5.2 Hz, 1H), 7.25-7.27 (m, 3H), 7.33 (t,J = 7.4 Hz, 2H), 7.60 (d, J = 7.4 Hz, 1H), 7.71
(dd, J = 7.4, 1.1 Hz, 2H), 9.87 (br s, 1H); "C NMR (CDCl;) & 21.4,29.5, 123.8, 127.4, 128.86, 128.90,
129.3, 1299, 130.1, 1379, 1420, 144.5, 197.3. HR-MS (DART, positive). Calcd for C,sH;;N,0,S,
(M+H): 321.0731. Found: m/z 321.0723.

N-Ethyl-2-(ethylaminosulfonyl)-5-methylbenzothioamide (2c¢): a white solid; mp 102-104 °C
(hexane/CH,Cl,); IR 3276, 1550, 1325, 1163 cm™'; '"H NMR (CDCl,) 8 1.10 (t,J = 7.4 Hz, 3H), 1.37 (t, J
=7.4 Hz,3H),2.42 (s, 3H), 2.83-2.89 (m, 2H), 3.81-3.86 (m, 2H), 5.60 (t,J = 6.3 Hz, 1H), 7.11 (s, 1H),
7.21 (dd, J = 8.0, 1.1 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 8.16 (br s, 1H); "C NMR (CDCl,) § 12.6, 14.7,
21.3,38.7,41.5,128.9, 129.2, 1295, 131.5, 1414, 143.9, 198.2. HR-MS (DART, positive). Calcd for
C,H,N,O,S, (M+H): 287.0888. Found: m/z 287.0880.
2-(Butylaminosulfonyl)-5,N-dimethylbenzothioamide (2d-i): a white solid; mp 61-63 °C
(hexane/CH,Cl,); IR 3271, 1552, 1325, 1164 cm™; '"H NMR (CDCl;) § 0.85 (t,J = 7.4 Hz, 3H), 1.25-1.33
(m, 2H), 1.33-1.65 (m, 2H), 2.42 (s, 3H), 2.78 (q, J = 6.9 Hz, 2H), 3.30 (d, / = 5.2 Hz, 3H), 5.79 (t, J =
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5.2 Hz, 1H), 7.08 (s, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 8.64 (br s, 1H); "C NMR
(CDCly) 6 13.6,19.8,21.3,31.3,33.2,43.3,128.7, 129.2, 1294, 131.1, 141.0, 144.2, 199.1. Anal. Calcd
for C,;H,,N,0,S,: C,51.97; H,6.71; N, 9.32; S, 21.34. Found: C, 51.78; H, 6.89; N,9.37; S, 21.24.
2-(Butylaminosulfonyl)-N-ethyl-5-methylbenzothioamide (2d-ii): a pale-yellow solid; mp 111-113 °C
(hexane/CH,Cl,); IR 3271, 1556, 1325, 1167 cm™'; '"H NMR (CDCl,) § 0.85 (t,J = 7.4 Hz, 3H), 1.26-1.33
(m, 2H), 1.37 (t,J = 7.4 Hz, 3H), 1.42-1.48 (m, 2H), 2.43 (s, 3H), 2.76-2.80 (m, 2H), 3.80-3.85 (m, 2H),
5.72 (t,J =63 Hz, 1H), 7.09 (s, 1H), 7.20 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 8.34 (br s, 1H);
C NMR (CDCLy) & 12.6, 13.6, 19.8, 21.3, 32.3, 41.4, 43.3, 128.7, 129.2, 129.5, 131.2, 141.2, 1440,
198.0. Anal. Calcd for C,,H,,N,O,S,: C,59.97; H, 7.19; N, 9.99; S, 11.43. Found: C, 59.79; H, 7.31; N,
10.14; S, 11.29.

N-Ethyl-5-Methyl-2-(phenylaminosulfonyl)benzothioamide (2e): a yellow solid; mp 173-175 °C
(hexane/CH,Cl,); IR 3276, 1551, 1344, 1166 cm™'; 'H NMR (CDCl,) § 141 (t,J = 7.4 Hz, 3H), 2.35 (s,
3H), 3.87-3.93 (m, 2H), 6.98 (d, J = 8.0 Hz, 1H), 7.07 (s, 1H), 7.11 (td, J = 7.4, 1.1 Hz, 1H), 7.18-7.26
(m, SH), 7.95 (s, 1H), 8.12 (br s, 1H); "C NMR (CDCL,) § 12.7, 21.3, 41.5, 123.6, 126.0, 128.4, 128.9,
1290, 129.6,131.0, 136.7, 141.2, 1442, 198.7. Anal. Calcd for C,(H,sN,0,S,: C,57.46; H,5.42; N, 8.38.
Found: C,57.25; H,5.51; N, 8.32.

5-Chloro-N-ethyl-2-(methylaminosulfonyl)benzothioamide (2f-i): a white solid; mp 142-144 °C
(hexane/CH,Cl,); IR 3320, 1543, 1328, 1167 cm™"; '"H NMR (CDCl,) 8 1.37 (t,J = 7.4 Hz, 3H), 2.56 (d, J
=5.7Hz,3H), 3.81-3.86 (m, 2H), 5.54 (q,J=5.7Hz, 1H), 731 (d,J = 1.7 Hz, 1H), 7.42 (dd,J = 8.6, 1.7
Hz, 1H), 7.73 (d, J = 8.6 Hz, 1H), 8.09 (br s, 1H); "C NMR (CDCl;) & 12.6, 29.5, 41.5, 128.4, 128.7,
131.2, 132.0, 139.3, 142.8, 196.1. Anal. Calcd for C,(H;CIN,O,S,: C, 41.02; H, 4.48; N, 9.57; S, 21.90.
Found: C,40.95; H,4.48; N,9.57; S, 21.82.
5-Chloro-N-(4-methoxyphenyl)-2-(methylaminosulfonyl)benzothioamide (2f-ii): a yellow amorphous
powder; R; 0.31 (AcOEt/hexane 1:3); IR 3272, 1510, 1351, 1168 cm™'; '"H NMR (CDCl,) 8 2.57 (d, J =
5.7Hz,3H),3.82 (s,3H),5.46 (d,J=5.7 Hz, 1H), 6.86 (d,J = 9.2 Hz, 2H), 7.44-7.46 (m,2H), 7.61 (d,J
=9.2 Hz, 2H), 7.72 (d, J = 9.2 Hz, 1H), 9.70 (br s, 1H); "C NMR (CDCl,) § 29.5, 55.4, 114.1, 125.3,
128.5, 128.7, 130.6, 131.3, 131.5, 139.6, 143.1, 158.6, 194.6. HR-MS (DART, positive). Calcd for
C,sH,,CIN,O,S, (M+H): 371.0291. Found: m/z 371.0277.
5-Chloro-2-(ethylaminosulfonyl)-N-methylbenzothioamide (2g): a white solid; mp 109-111 °C
(hexane/CH,Cl,); IR 3288, 1551, 1334, 1167 cm™'; '"H NMR (CDCl,) § 1.11 (t,J = 7.4 Hz, 3H), 2.86-2.91
(m, 2H), 3.32 (d,J = 4.6 Hz, 3H), 5.60 (t,J = 6.3 Hz, 1H), 7.31 (d,/=2.3 Hz, 1H), 741 (dd,J =8.6,2.3
Hz, 1H), 7.70 (d, J = 8.6 Hz, 1H), 8.34 (br, 1H); "C NMR (CDCl,) 6 14.6,33.2,38.7,128.3,128.8, 130.7,
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132.9,139.3, 142.5, 197.2. Anal. Calcd for C,,H,;CIN,0,S,: C, 41.02; H, 4.48; N, 9.57. Found: C, 40.99;
H,4.49; N, 9.63.

N-Ethyl-5-methoxy-2-(methylaminosulfonyl)benzothioamide (2h): a white solid; mp 146-148 °C
(hexane/CH,Cl,); IR 3258, 1570, 1325, 1167 cm™'; '"H NMR (CDCl,)  1.36 (t,J = 7.4 Hz, 3H), 2.52 (d, J
= 5.2 Hz, 3H), 3.81-3.85 (m, 2H), 3.89 (s, 3H), 5.56 (q, J = 5.2 Hz, 1H), 6.78 (d, J = 2.3 Hz, 1H), 6.86
(dd, J = 8.6,2.3 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H), 8.29 (br s, 1H); "C NMR (CDCl,) § 12.6,29.5,41.8,
55.8,113.67,113.69, 125.0, 132.0, 1434, 162.7, 197.5. Anal. Calcd for C,;H,,N,0,S,: C, 45.98; H, 5.26;
N, 9.75; S,22.31. Found: C,45.81; H,5.58; N, 9.80; S, 22.31.
5-Methoxy-N-methyl-2-(phenylaminosulfonyl)benzothioamide (2i): a white solid; mp 154-157 °C
(hexane/CH,Cl,); IR 3291, 1589, 1344, 1165 cm™'; '"H NMR (DMSO-d,) 6 2.62 (d, J = 4.6 Hz, 3H), 3.78
(s,3H),6.72 (d,J =23 Hz, 1H),6.97 (dd,J =9.2,2.3 Hz, 1H), 703 (t,/ =69 Hz, IH),7.15 (d, /=74
Hz,2H),7.21 (dd,J =7.4,69 Hz, 2H), 7.61 (d,J = 9.2 Hz, 1H), 9.50 (br, 1H), 10.55 (br q, J = 4.6 Hz,
1H); “C NMR (DMSO-d,) & 342,559, 112.1, 113.6, 120.7, 124.3, 125.3, 129.0, 131.0, 137.4, 144.6,
162.3, 197.8. Anal. Calcd for C,;H,(N,O,S,: C, 53.55; H, 4.79; N, 8.33. Found: C, 53.43; H, 4.67; N,
8.13.

Typical Procedure for the Preparation of 1,2-Benzothiazol-3(2H)-imine 1,1-Dioxides (3). (E)-N-
Ethyl-2-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3a-ii). To a stirred solution of 2a-ii (0.26 g,
1.0 mmol) and pyridine (0.16 g, 2.0 mmol) in DMF (4 mL) at 0 °C was added freshly distilled SOCI,
(0.12 g, 1.0 mmol) dropwise. Stirring was continued at the same temperature for 10 min. Saturated
aqueous NaHCO; and H,0O (20 mL each) were added and the mixture was extracted with AcOEt (3 x 15
mL). The combined extracts were washed with brine (15 mL), dried (Na,SO,), and concentrated by
evaporation. The residual solid was recrystallized to give 3a-ii (0.14 g, 63%); a white solid; mp 143-145
°C (hexane/CH,CL,); IR 1662, 1307 cm™; 'H NMR (CDCl,) 6 1.41 (t,J = 7.4 Hz, 3H), 3.16 (s, 3H), 3.95
(q,J =74 Hz, 2H), 7.72-7.76 (m, 2H), 7.97 (dd, J = 6.9, 2.3 Hz, 1H), 8.07 (dd, J = 6.9, 2.9 Hz, 1H); °C
NMR (CDCl,) 8 17.1,24.4,44.4,121.8,126.0, 127.0, 132.0, 133.4, 137.0, 143.2. HR-MS (ESI, positive).
Calcd for C,,H,;N,0,S (M+H): 225.0697. Found: m/z 225.0692. Anal. Calcd for C,,H,,N,0,S: C, 53.55;
H,5.39; N, 12.49. Found: C, 53.46; H, 5.40; N, 12.36.

2,(E)-N-Dimethyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3a-i): a pale-yellow solid; mp 186-185
°C (hexane/CH,Cl,); IR 1674, 1300 cm™'; 'H NMR (CDCl,) & 3.16 (s, 3H), 3.69 (s, 3H), 7.75-7.80 (m,
2H),7.99 (dd,J = 6.9,2.3 Hz, 1H), 8.17 (dd, J = 6.9,2.9 Hz, 1H); "C NMR (CDCl,) § 24.4,37.5,121.9,
125.8, 127.1, 1322, 1334, 136.7, 145.2. HR-MS (DART, positive). Calcd for C,H;;N,0,S (M+H):
211.0541. Found: m/z 211.0535. Anal. Calcd for C,H,(\N,O,S: C, 51.41; H, 4.79; N, 13.32; S, 15.25.
Found: C,51.11; H,4.82; N, 13.26; S, 15.26.
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(E)-N-Ethyl-2 5-dimethyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3b-i): a pale-yellow solid; mp
119-121 °C (hexane/CH,Cl,); IR 1669, 1302 cm™'; 'H NMR (CDCl,) 8 141 (t,J = 7.4 Hz, 3H), 2.53 (s,
3H), 3.14 (s, 3H), 3.94 (q, J = 7.4 Hz, 2H), 7.53 (d, J/ = 8.6 Hz, 1H), 7.84 (d, J = 8.6 Hz, 1H), 7.85 (s,
1H); "C NMR (CDCL,) 8 17.2,22.1,24 4,44 .4,121.6,126.4,127.4,132.7, 134 4, 143 .3, 144 4. HR-MS
(ESI, positive). Calcd for C, H;sN,O,S (M+H): 239.0854. Found: m/z 239.0850. Anal. Calcd for
C,,H.,N,0O,S: C,55.44; H,5.92; N, 11.76. Found: C,55.41; H, 5.86; N, 11.62.
2,5-Dimethyl-(E)-N-phenyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3b-ii): a white solid; mp 89-91
°C (hexane/CH,CL,); IR 1667, 1323 cm™"; '"H NMR (CDCl,) 8 2.16 (s, 3H), 3.31 (s, 3H), 6.50 (s, 1H), 6.91
(d,J=74Hz,2H),7.19 (t,/J=T74Hz, 1H),7.38 (t,J =7.4 Hz,2H), 742 (d,J =8.0 Hz, 1H), 7.78 (d, J =
8.0 Hz, 1H); "C NMR (CDCl,) § 21.9,24.7,119.8,121.2, 1240, 1252, 127.5,129.6, 133.2, 1342, 143 8,
144.2, 148.3. HR-MS (DART, positive). Calcd for C,sH,sN,O,S (M+H): 287.0854. Found: m/z 287.0884.
Anal. Calcd for C,sH,,N,0,S: C, 62.92; H,4.93; N, 9.78. Found: C, 62.90; H, 4.86; N, 9.70.
2,(E)-N-Diethyl-5-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3¢): a white solid; mp 88-90 °C
(hexane/CH,Cl,); IR 1667, 1306 cm™; 'H NMR (CDCl,) & 1.37 (t, J = 7.4 Hz, 3H), 1.40 (t, J = 7.4 Hz,
3H),2.52 (s,3H),3.78 (q,J =74 Hz,2H),3.94 (q,J = 7.4 Hz,2H),7.51 (d,J =74 Hz, 1H), 7,82 (d,J =
7.4 Hz, 1H), 7.85 (s, 1H); "C NMR (CDCl,) 8 13.5, 17.3,22.1,34.4,44.4, 1214, 1263, 127.5, 132.6,
134.7, 1423, 144.3. HR-MS (DART, positive). Calcd for C,,H,;N,0,S (M+H): 253.1010. Found: m/z
253.1000. Anal. Calcd for C,H,(N,0O,S: C, 57.12; H, 6.39; N, 11.10. Found: C, 57.02; H, 6.43; N, 11.00.
2-Butyl-5,(F)-N-dimethyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3d-i): a pale-yellow solid; mp
85-87 °C (hexane/CH,CL,); IR 1674, 1301 cm™'; '"H NMR (CDCL,) § 0.92 (t, J = 7.4 Hz, 3H), 1.34-1.43
(m, 2H), 1.72-1.78 (m, 2H), 2.51 (s, 3H), 3.64 (s, 3H), 3.65 (t,J = 7.4 Hz, 2H), 7.51 (d, J = 8.0 Hz, 1H),
7.81(d,J=8.0Hz, 1H),7.91 (s, 1H); "C NMR (CDCl;) § 13.7,20.2,22.2,30.1,37.6,39.2,121.5, 126.1,
127.6, 132.7, 134.1, 144 .3, 144.8. HR-MS (DART, positive). Calcd for C;H,,N,0,S (M+H): 267.1168.
Found: m/z 267.1155. Anal. Calcd for C,;H;]N,0,S: C, 58.62; H, 6.81; N, 10.52; S, 12.04. Found: C,
58.46;H,6.97; N, 1041; S,12.01.

2-Butyl-(E)-N-ethyl-5-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3d-ii): a pale-yellow solid;
mp 80-82 °C (hexane/CH,CL,); IR 1662, 1305 cm™; 'H NMR (CDCl;) & 0.96 (t, J = 7.4 Hz, 3H),
1.37-1.45 (m, 5H), 1.75-1.81 (m, 2H), 2.53 (s, 3H), 3.70 (t, J = 7.4 Hz, 2H), 3.93 (q, J/ = 7.4 Hz, 2H),
7.52(d,J=8.0Hz, 1H),7.83 (d,J = 8.0 Hz, 1H), 7.85 (s, 1H); "C NMR (CDCl,) § 13.7,17.3,20.2,22.2,
30.0, 39.1, 44 3, 1214, 126.2, 127.4, 132.6, 134.2, 142.6, 144.3. HR-MS (DART, positive). Calcd for
C,,H,;N,0,S (M+H): 281.1323. Found: m/z 281.1316.
(E)-N-Ethyl-5-methyl-2-phenyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3e): an orange solid; mp
144-146 °C (hexane/CH,Cl,); IR 1669, 1324 cm™'; 'H NMR (CDCl;) 6 1.09 (t, J = 7.4 Hz, 3H), 2.52 (s,
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3H), 3.00 (q, J = 7.4 Hz, 2H), 7.43-7.53 (m, 6H), 7.76 (d, J = 8.0 Hz, 1H), 7.93 (s, 1H); "C NMR &
(CDCly) 16.6, 21.8, 44.3, 120.6, 1240, 129.2, 1294, 129.7, 131.6, 132.0, 133.1, 133.5, 139.1, 145.0.
HR-MS (DART, positive). Calcd for C,(H,;N,0,S (M+H): 301.1010. Found: m/z 301.1001. Anal. Calcd
for C,(H,,N,0,S: C, 63.98; H, 5.37; N, 9.33. Found: C,63.91; H,5.41; N, 9.28.
5-Chloro-(E)-N-ethyl-2-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3f-i): a pale-yellow solid;
mp 153-155 °C (hexane/CH,CL); IR 1671, 1311 cm™'; 'H NMR (CDCl,) § 142 (t,J = 7.4 Hz, 3H), 3.15
(s,3H),3.92 (q, J = 7.4 Hz, 2H), 7.71 (d, J = 8.0 Hz, 1H), 791 (d, J = 8.0 Hz, 1H), 8.04 (s, 1H); "C
NMR (CDCLy) 6 17.2, 24.5, 444, 1230, 127.2, 1274, 132.2, 135.2, 1399, 141.8. HR-MS (DART,
positive). Calcd for C,,H,CIN,0,S (M+H): 259.0308. Found: m/z 259.0302. Anal. Calcd for
C,H,,CIN,O,S: C,46.42; H,4.29; N, 10.83; S, 12.39. Found: C,46.36; H,4.27; N, 10.81; S, 12.43.
5-Chloro-(E)-N-(4-methoxyphenyl)-2-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3f-ii): a
yellow solid; mp 139-141 °C (hexane/CH,CL,); IR 1670, 1333 cm™'; '"H NMR (CDCl,) & 3.31 (s, 3H),
3.86 (s, 3H), 6.83 (d,J = 8.6 Hz, 2H), 6.90 (s, 1H), 6.96 (d,J = 8.6 Hz, 2H), 7.62 (d,J = 7.4 Hz, 1H), 7.84
(d,J =7.4Hz, 1H); "C NMR (CDCL,) § 24.9,55.6,115.1,120.5, 122.6, 126.4,127.2,132.6, 132.8, 135.1,
139.6, 140.5, 156.8. HR-MS (DART, positive). Calcd for C,sH,,CIN,O,S (M+H): 337.0413. Found: m/z
337.0398. Anal. Calcd for C,sH,;CIN,O,S: C, 53.49; H, 3.89; N, 8.32; S, 9.52. Found: C, 53.24; H, 3.89;
N, 8.32; S,9.35.

5-Chloro-(E)-2-ethyl-N-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3g): a white solid; mp
140-142 °C (hexane/CH,Cl,); IR 1674, 1308 cm™'; 'H NMR (CDCl;) 6 1.37 (t, J = 7.4 Hz, 3H), 3.69 (s,
3H),3.78 (q,J =74 Hz,2H),7.72 (dd, J = 8.0, 1.7 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 8.14 (d,J = 1.7 Hz,
1H); "C NMR (CDCl,) § 13.5, 34.6, 374, 1229, 1272, 127.4, 1322, 135.2, 139.8, 143.0. HR-MS
(DART, positive). Caled for C,,H,,CIN,0,S (M+H): 259.0308. Found: m/z 259.0303. Anal. Calcd for
C,,H,,CIN,O,S: C,46.42; H, 4.29; N, 10.83. Found: C, 46.03; H, 4.31; N, 10.64.
(E)-N-Ethyl-5-methoxy-2-methyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3h): a white solid; mp
174-176 °C (hexane/CH,Cl,); IR 1664, 1300 cm™'; 'H NMR (CDCl,) 6 143 (t,J = 7.4 Hz, 3H), 3.17 (s,
3H),3.95 (q,J =74 Hz, 2H), 3.96 (s, 3H), 7.23 (dd, J = 8.6, 2.3 Hz, 1H), 7.54 (d, J = 2.3 Hz, 1H), 791
(d,J = 8.6 Hz, 1H); "C NMR (CDCl,) § 17.2,24.4,442,56.1,106.1, 113.3,116.5, 123.3, 128.8, 143.0,
163.4. HR-MS (ESI, positive). Calcd for C,;H,sN,O0,S (M+H): 255.0803. Found: m/z 255.0791. Anal.
Calcd for C;,H,N,O,S: C, 51.95; H, 5.55; N, 11.02; S, 12.61. Found: C, 51.79; H, 541; N, 10.99; S,
12.60.

5-Methoxy-(E)-N-methyl-2-phenyl-1,2-benzothiazol-3(2H)-imine 1,1-Dioxide (3i): a pale-yellow
solid; mp 163-165 °C (hexane/CH,Cl,); IR 1679, 1300 cm™; 'H NMR (CDCI,) & 2.87 (s, 3H), 3.95 (s,
3H),7.23 (dd, J = 8.6,2.3 Hz, 1H), 7.44-7.52 (m, 6H), 7.78 (d, J = 8.6 Hz, 1H); "C NMR (CDCl,) 6 37.6,
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56.1, 1059, 120.6, 122.3, 126.5, 129.2, 1294, 129.7, 133.2, 133.8, 141.0, 164.1. HR-MS (DART,
positive). Calcd for C,sH,sN,O,S (M+H): 303.0803. Found: m/z 303.0795. Anal. Calcd for C,sH,,N,O,S:
C,59.59; H,4.67;N,9.27; S, 10.60. Found: C, 59.35; H,4.74; N, 9.28; S, 10.71.

Typical Procedure for the Preparation of 1,2-Benzothiazol-3(2H)-one 1,1-Dioxide (4). 5-Chloro-2-
methyl-1,2-benzothiazol-3(2H)-one 1,1-Dioxide (4f). A solution of 3f-i (0.14 g, 0.54 mmol) in THF (12
mL) containing 0.2 mL of concentrated HCl was heated at reflux temperature for 10 min. After cooling to
rt, saturated aqueous NaHCO,; (15 mL) was added and the mixture was extracted with AcOEt (3 x 10 mL).
The combined extracts were washed with brine (10 mL), dried (Na,SO,), and concentrated by evaporation.
The residual solid was recrystallized to give 4f (90 mg, 72%); a white solid; mp 151-153 °C
(hexane/CH,Cl,); IR 1733, 1342 cm™; '"H NMR (CDCl,) & 3.27 (s, 3H), 7.83 (dd, J = 8.0, 1.7 Hz, 1H),
7.88 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 1.7 Hz, 1H); "C NMR (CDCl;) § 23.5, 122.3, 125.4, 129.3, 134.8,
135.6, 141.3, 157.5. HR-MS (DART, positive). Calcd for C;H,CINO,S (M+H): 231.9835. Found: m/z
231.9828. Anal. Calcd for CqH,CINO,S: C,41.48; H, 2.61; N, 6.05; S, 13.84. Found: C, 41.64; H, 2.58; N,
6.04; S, 13.90.

2-Methyl-1,2-benzothiazol-3(2H)-one 1,1-Dioxide (4a):"* a pale-yellow solid; mp 129-131 °C
(hexane/CH,Cl,) (lit.,"* mp 131 °C). The spectral (‘"H and *C NMR) data were identical to those reported
previously."

2-Butyl-5-methyl-1,2-benzothiazol-3(2H)-one 1,1-Dioxide (4d):'° a white solid; mp 53-54 °C
(hexane/CH,C1,) (lit.,'® mp 54-55 °C). The spectral (‘"H and "C NMR) data were identical to those
reported previously."’

5-Chloro-2-ethyl-1,2-benzothiazol-3(2H)-one 1,1-Dioxide (4g): a white solid; mp 62-64 °C
(hexane/CH,Cl,); IR 1735, 1334 cm™; '"H NMR (CDCl,) § 1.45 (t,J = 7.4 Hz, 3H), 3.85 (q, J = 7.4 Hz,
2H), 7.82 (dd, J = 8.6, 2.3 Hz, 1H), 7.86 (d, J = 8.6 Hz, 1H), 8.02 (d, J = 2.3 Hz, 1H); "C NMR (CDCl,)
0 139, 348, 122.2, 1253, 129.2, 134.7, 135.7, 141.2, 157.4. HR-MS (DART, positive). Calcd for
C,H,,CIN,O,S (M+NH,): 263.0252. Found: m/z 263.0239. Anal. Calcd for C,H;CINO,S: C, 44.00; H,
3.28; N, 5.70. Found: C,4397; H, 3.34; N, 5.81.

5-Methoxy-2-phenyl-1,2-benzothiazol-3(2H)-one 1,1-Dioxide (4i): a white solid; mp 199-201 °C
(hexane/CH,Cl,); IR 1739, 1312 cm™'; 'H NMR (CDCl,) 6 3.97 (s, 3H), 7.37 (dd, J = 8.6, 2.3 Hz, 1H),
7.53-7.57 (m, 6H), 7.88 (d, J = 8.6 Hz, 1H); "C NMR (CDCl,) § 56.3, 108.8, 122.0, 122.8, 128.7, 128.8,
129.0, 129.7, 129.9, 130.1, 158.4, 164.5. HR-MS (DART, positive). Calcd for C,,H,,NO,S (M+NH,):
290.0487. Found: m/z 290.0482. Anal. Calcd for C,,H;,NO,S: C, 58.12; H, 3.83; N, 4.84; S, 11.08.
Found: C,5791;H,3.87; N,4.84; S,11.22.
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