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Abstract Several benzazoles (benzoxazoles, benzothia-
zoles, and benzimidazoles) and azoles (1H-1,2,4-triazole-
5(4 H)-thiones and 1,2,4-oxadiazoles) bearing a sulfonamide
moiety were efficiently prepared via the reactions of dimethyl
(arylsulfonyl) dithioimidocarbonate derivatives and their
2-aminobenzene precursors, thiosemicarbazides, and ami-
doximes, respectively, in the presence of K;COj3 as a base
in aqueous ethanol (25 %) as a green media in moderate to
excellent yields.

Keywords Azoles - Benzazoles - Sulfonamides -
Heterocycles - Green chemistry

Introduction

It is well known that benzazoles (benzoxazoles, benzoth-
iazoles, and benzimidazoles) and azoles (oxadiazoles and
triazoles) are among the most important compounds in hete-
rocyclic chemistry due to their broad applications in medic-
inal chemistry [1-12], material sciences [13,14], and indus-
try [15—-17]. They are also important structural moieties fre-
quently found in natural products [18,19]. Meanwhile, the
unique role of sulfonamides as effective compounds in drug
development and as diuretic and antibiotic drugs is well
known [20,21], and their representative applications in medi-
cinal chemistry are shown in Fig. 1.
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There are diverse methods for the construction of benza-
zoles. Among them, the cyclocondensation reaction of car-
boxylic acids, acid derivatives, or aldehydes with a suitable
2-amino precursor is more common [22-25]. Some of the
most recent approaches for the preparation of benzazoles and
aforesaid azoles have been reviewed in the literature [26-33].
Although a number of methods are currently being employed
for the preparation of some heterocycles containing a sulfon-
amide moiety using dimethyl (arylsulfonyl) dithioimidocar-
bonates [34—39], as far as we know none of them involves the
use of “green chemistry”. They suffer from a number of draw-
backs, including harsh reaction conditions (reaction tempera-
ture: 140-170 °C), less green solvents (ethylene glycol), dif-
ficult separation methods, and low product yields (10-69 %)
often accompanied with longer reaction times (90—120 min).

Herein, we report an efficient one step, mild method for
the synthesis of diverse benzazoles and azoles containing a
sulfonamide functional group in aqueous media as an envi-
ronmentally benign solvent.

Results and discussion

We began our study exploring the reaction of dimethyl
(phenylsulfonyl) dithioimidocarbonate la with 2-amino-
thiophenol 2a which also functions as an aminobenzene pre-
cursor. Using KoCO3 as a base and DMF as solvent, the
reaction proceeded smoothly at room temperature to produce
the corresponding benzothiazole 3a in 90 min albeit in low
yield (43 %). Increasing the temperature to 85 °C improved
notably the reaction yield and shortened reaction time (70 %,
60 min). We found that at higher temperatures some extents
of tarry materials and/or colored impurities were produced.
Next, we proceeded to investigate the reaction course using a
safe and environmentally friendly solvent. First, when EtOH
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Table 1 Screening of solvent, temperature, and the reaction time in the
synthesis of benzothiazole 3a

Entry Solvent Temperature Time Yield
O (min) (%)*

1 DMF it 90 43

2 DMF 85 45 70

3 EtOH 80° 120 73

4 EtOH/H,0 (1:1), 85P 60 86
HTAB ¢y

5 EtOH/H,0 (1:2), 85P 60 92
HTAB ¢y

6 EtOH/H,0 (1:3), 85P 60 95
HTAB ¢y

2-Aminothiophenol 1a (I mmol), dimethyl phenylsulfonyl

carbonimido-dithioate 2a (1.1 mmol), K»CO3 (1.5 mmol, 0.2 g).
4 Isolated yields. ® At reflux condition

was used as green solvent, benzothiazole 3a was produced in
slightly better yields, although the reaction time increased to
2 h. However, when a mixture of EtOH/H,O was used along
with a catalytic amount of hexadecyltrimethylammonium
bromide (HTAB) the reaction yield increased significantly
(86 %), while the reaction time was reduced to 1 h (Table 1).
We found that the best solvent ratio and temperature to
achieve optimum reaction conditions were 1:3 (EtOH/H,O)
at reflux temperature. Hence, a EtOH/H,O (1:3)/HTAB 4
system was chosen to carry out all our reactions under reflux
conditions.

Fortunately, all dimethyl (arylsulfonyl) dithioimidocar-
bonates la-1d, when treated with different types of 2-
aminobenzene precursors 2a—2e, were readily converted to
their corresponding benzazoles bearing a sulfonamide func-
tional group 3a-3k. To expand the scope of our methodol-
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Sulfamethizole: a good antibiotic
against Escherichia coli

ogy, we next examined the reactions of dimethyl (arylsul-
fonyl) dithioimidocarbonates with different types of amino
precursors, such as amidoximes and thiosemicarbazides
(Scheme 1).

Utilizing the optimized reaction conditions, dimethyl
(arylsulfonyl) dithioimidocarbonates la—1d were treated
with amidoximes 2g-2j and thiosemicarbazides 2k—2n to
produce their corresponding 1,2,4-oxadiazole 4a—4j and
1,2,4-triazole Sa—Si derivatives, respectively, in good to
excellent yields (69-91 %). The generality of the present
method has been confirmed by the successful synthesis of
several azole and benzazole derivatives (30 examples), and
the results are summarized in Fig. 2.

Our proposed reaction mechanism for the formation of
benzazoles 3 starts with the activation of amino precursor 2
by K>COj3 which then participate in a nucleophilic attack on
the dimethyl (arylsulfonyl) dithioimidocarbonate 1 to give
intermediate 6 after an addition-elimination type reaction
releasing MeSH. Following cyclization and elimination of
a further MeSH molecule, intermediate 7 is produced, which
eventually aromatizes yielding the benzazole derivatives 3
(Scheme 2).

We found that all of the prepared sulfonamides containing
oxadiazoles lacked the characteristic broad N-H sulfonamide
proton signal around the 10-13 ppm region in the 'H NMR
spectrum. To evaluate this finding, the crystal structure of
compound 4i was determined (Fig. 3, CCDC 995893).

Unexpectedly, we found that compounds 4a-4j were
converted to their potassium salts and the corresponding
supramolecular polymers through non-covalent interactions.
These supramolecular polymers are most likely established
via ion-ion, ion-dipole, cation-w, and w—m stacking inter-
actions between deprotonated oxadiazole 4i molecules and
potassium cations in the crystal lattice (Fig. 4a, b).
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We developed an efficient one step and environmentally
benign approach for the preparation of several new benzox-
azoles, benzothiazoles, benzimidazoles, 1H-1,2,4-triazole-
5(4H)-thiones, and 1,2,4-oxadiazoles containing a sulfon-
amide moiety. Simultaneous construction of heterocyclic
rings and the sulfonamide moiety is one of the most promi-
nent features of the present method. Performing the reactions
in a very safe and environmentally benign solvent system is
still another advantage of the method. Surprisingly, isolation
and the purification of the final products were very simple
with no needs for utilizing tedious and time-consuming sep-
aration technic such as column chromatography. Considering
the biological and pharmaceutical importance of the hetero-
cyclic sulfonamides, the present method could be a useful
alternative for the synthesis of such valuable compounds in
only one step using cheap and readily available starting mate-
rials.

Experimental section

All reagents, unless otherwise stated, were used as received
from commercial suppliers. Melting points were determined
with a Stuart Scientific SMP2 apparatus and are uncorrected.
Thin-layer chromatography (TLC) was performed on UV-

60 Fys4). 'H NMR (400 MHz) and 13C NMR (100 MHz)
spectra were recorded on a Bruker Avance 400 spectrom-
eter using (CD3)>SO as the solvent referenced to a resid-
ual solvent protons, and signals are reported in ppm (§)
using s, d, t, and m abbreviations to show the relevant mul-
tiplicities as singlet, doublet, triplet, and multiplet, respec-
tively. Elemental analysis was done on a LECO CHNS-932
analyzer.

General procedure for the synthesis of benzazoles
(benzoxazoles, benzothiazoles, and benzimidazoles)
bearing a sulfonamide moiety in 2-position

To a warm (40 °C) mixture of 2-amino precursor (2-
aminothiophenol, 2-aminophenol, or 1,2-diaminobenzene
2a—2e, 1 mmol), KoCO3 (1.5 mmol, 0.2 g), and hexade-
cyltrimethylammonium bromide (HTAB, 0.1 mmol,
36.5 mg) in HyO/EtOH (3:1, 4 mL), dimethyl (arylsulfonyl)
dithioimidocarbonate 1 (1.1 mmol) was added under stir-
ring, and then heated to reflux for 60 min. After cooling to
room temperature, the reaction mixture was poured onto cold
water (6 mL) and stirred with diethyl ether (15 mL) to pre-
cipitate the crude product as off-white solid. The resulting
crude residue was filtered and recrystallized from EtOH to
obtain pure benzothiazoles, benzoxazoles, and benzimida-
zole derivatives 3 as white crystals.
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“Dimethyl (arylsulfonyl) dithioimidocarbonate 1 (1.1 mmol), amino precursor 2 (1 mmol), EtOH/H,0 (1:3, 5mL), K,COs
(1.5 mmol), HTAB (20 mg).

Fig. 2 One-step synthesis of diverse heterocyclic sulfonamides in aqueous medium. Note Dimethyl (arylsulfonyl) dithioimidocarbonate 1
(1.1 mmol), amino precursor 2 (1 mmol), EtOH/H,0 (1:3, 5 mL), K,COs3 (1.5 mmol), HTAB (20 mg)
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Fig. 3 ORTEP view of the asymmetric unit of the compound 4i. Non-
H atoms represented as displacement ellipsoids are plotted at the 50 %
probability level, while H atoms are shown as small spheres of arbitrary
radius

General procedure for the synthesis of 1,2,4-oxadiazoles
bearing a sulfonamide moiety in 5-position

To a stirred warm (40 °C) mixture of amidoximes 2f-
2i (1 mmol), KoCO3 (1.5 mmol, 0.2 g), and hexade-
cyltrimethylammonium bromide (HTAB, 0.1 mmol, 36.5
mg) in HoO/EtOH (3:1, 8 mL), dimethyl (arylsulfonyl)
dithioimidocarbonate 1 (1.1 mmol) was added under stirring,
and then heated to reflux for 60 min. Then the reaction mix-
ture was cooled and the precipitated product was stirred with
EtOAc (10 mL) to deposit the crude residue as white solid.
Finally, the crude residue was filtered and recrystallized from
EtOH to obtain pure white crystals of 1,2,4-oxadiazoles 4 as
potassium salts.

Fig. 4 a Side view of one-dimensional polymeric chain of compound
4i extending along the crystallographic b axis. b Side view of one-
dimensional polymeric chain of the compound along the crystallo-
graphic a axis, H atoms have been omitted for clarity
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General procedure for the synthesis of 1,2,4-triazoles
bearing a sulfonamide moiety in 3-position

A suspension mixture of thiosemicarbazides 2j—2m
(1 mmol), KoCO3 (1.5 mmol, 0.2 g), and hexadecyltrimethy-
lammonium bromide (HTAB, 0.1 mmol, 36.5 mg) in H>O (6
ml) was added under stirring to a solution of dimethyl (aryl-
sulfonyl) dithioimidocarbonatel (1.1 mmol) in EtOH (2 mL).
Then, the reaction mixture was stirred and heated to reflux
for 60 min. After cooling to room temperature, the off-white
precipitated residue was filtered and stirred with EtOAc (10
mL) to deposit a white residue. Finally, the crude product was
filtered and recrystallized from EtOH to obtain pure 1,2,4-
triazoles 5 as white needles.

N-(benzo[d Jthiazol-2-yl)benzenesulfonamide (3a)

m.p. 218-219 °C (dc); "H NMR (DMSO-ds, 400 MHz) §:
13.17 (s, 1H), 7.80 (d, J = 8.0, 1H), 7.75 (d, J = 8.0,
2H), 7.24-7.39 (m, 5H), 2.36 (s, 3H); 3C NMR (DMSO-ds,
100 MHz) §: 167.0, 141.9, 136.1, 132.4, 129.1, 127.3, 125.8,
124.7,123.6,122.7, 112.8; Anal. Calcd. for C;3H{gN,0,S5:
C,53.77;H, 3.47; N, 9.65; S, 22.09 Found: C, 53.74; H, 3.45;
N, 9.70; S, 22.12.

N-(benzo[d Jthiazol-2-yl)-4-methylbenzenesulfonamide
(3b)

m.p. 229-231 °C (dc) 'H NMR (DMSO-dg, 400 MHz) §:
13.18 (s, 1H), 7.84—7.88 (m, 3H), 7.55-7.63 (m, 3H), 7.24—
7.41 (m, 3H); 3C NMR (DMSO-ds, 100 MHz) §: 156.0,
144.4,142.2,132.2,130.0, 129.9, 126.6, 125.5,123.6, 111.2,
110.0, 19.5; Anal. Calcd. for C;4H2N>O,S,: C, 55.24; H,
3.97; N, 9.20; S, 21.07 Found: C, 55.17; H, 3.89; N, 9.24; S,
21.01.

N-(benzo[d Jthiazol-2-yl)-4-methyl-3-
nitrobenzenesulfonamide
(3¢)

m.p. 245-247 °C (dc); "H NMR (DMSO-ds, 400 MHz) §:
13.42 (s, 1H), 8.07 (dd, J = 8.0, 1H), 7.84 (d, J= 8.0, 1H),
7.71(d, J = 8.0, 1H), 7.26-7.43 (m, 4H), 2.57 (s, 3H); 13C
NMR (DMSO-dg, 400 MHz) §: 156.9, 148.5, 144.7, 141.6,
137.1,133.8, 130.4, 125.1, 125.0 123.2, 122.3, 112.4, 110.1,
19.6; Anal. Calcd. for C14H{1N304S,: C,48.13; H, 3.17; N,
12.03; S, 18.36 Found: C, 48.04; H, 3.13; N, 12.13; S, 18.29.

N-(benzo[d Joxazol-2-yl)benzenesulfonamide (3d)
m.p. 210-211 °C; "H NMR (DMSO-d, 400 MHz) §: 12.81

(s, 1H), 7.21-7.95 (m, 9H); 13C NMR (DMSO-dg, 400 MHz)
8: 156.0, 144.1, 142.3, 132.4, 129.8, 129.0, 126.0, 125.3,
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123.6, 111.9, 110.3; Anal. Calcd. for C;3H{gN,O3S: C,
56.92; H, 3.67; N, 10.21; S, 11.69 Found: C, 56.88; H, 3.63;
N, 10.25; S, 11.65.

N-(benzo[d ]Joxazol-2-yl)-4-methyl-3-
nitrobenzenesulfonamide

(3e)

m.p. 237-238 °C (dc); "H NMR (DMSO-ds, 400 MHz) §:
12.97 (s,1H), 8.14 (d, J = 8.0, 1H), 7.70 (d, J = 8.0, 1H),
7.49 (d, J = 4.0, 1H), 7.19-7.34 (m, 4H), 2.57 (s, 3H); 13C
NMR (DMSO-ds, 400 MHz) §: 167.6, 148.5, 141.0, 137.4,
136.5, 134.0, 129.9, 127.3,124.9, 123.8,122.8, 121.8, 113.1,
19.6; Anal. Calcd. for Ci4H{1N3O5S: C, 50.45; H, 3.33; N,
12.61; S, 9.62 Found: C, 50.48; H, 3.30; N, 12.64; S, 9.66.

N-(1H-benzo[d Jimidazol-2-yl)benzenesulfonamide (3f)

m.p. 240-242 °C (dc); "H NMR (DMSO-ds, 400 MHz) §:
11.96 (s, 2H), 7.90 (d, J = 8.0, 2H), 7.53 (d, J = 4.0, 3H),
7.29 (m, 2H), 7.13 (q, J = 4.0, 2H); '3C NMR (DMSO-dj,
400 MHz) §: 149.8, 144.0, 131.5, 129.3, 128.8, 125.5, 122.4,
110.9; Anal. Calcd. for C;3H{1N30,S: C, 57.13; H, 4.06; N,
15.37; S, 11.73 Found: C, 57.01; H, 3.98; N, 15.30; S, 11.82.

N-(1H-benzo[d ]Jimidazol-2-yl)- 4-methyl-3-nitro benze-
nesulfonamide (3g)

m.p. 249-251 °C (dc); '"H NMR (DMSO-ds, 400 MHz) §:
12.11 (s, 2H), 8.44 (s, 1H), 8.10 (s, 1H), 7.67 (d, J = 8.0,
1H), 7.30 (d, J = 8.0, 2H), 7.14-7.16 (m, 2H), 2.51 (s, 3H);
13C NMR (DMSO-dg, 400 MHz) §: 155.9, 144.1, 142.3,
136.5, 133.8, 129.8, 129.3, 122.7, 121.6, 111.1, 19.6; Anal.
Calcd. for C14H|2N4O4S: C, 50.60; H, 3.64; N, 16.86; S,
9.65 Found: C, 50.63; H, 3.60; N, 16.89; S, 9.59.

2-(Phenylsulfonamido)-1H -benzo[d Jimidazole-6-carbo-
xylic acid (3h)

m.p. 242-243 °C (dc); "H NMR (DMSO-dg, 400 MHz)
8: 1279 (s, 1H), 12.22 (s, 2H), 7.76-7.91 (m, 4H), 7.51—
7.57 (m, 3H), 7.33 (d, J = 8.0, 1H); 3C NMR (DMSO-
de, 400 MHz) §: 167.1, 150.7, 143.7, 132.9, 131.6, 129.4,
128.9, 125.5, 124.9, 124.4, 112.0, 110.5; Anal. Calcd. for
Ci14H11N304S: C, 52.99; H, 3.49; N, 13.24; S, 10.10 Found:
C, 52.95; H, 3.47; N, 13.29; S, 10.16.

2 -(4-methyl - 3 - nitrophenylsulfonamido) -1 H-benzo[d |
imidazole-6-carboxylic acid (3i)

m.p. 248-250 °C (dc); 'H NMR (DMSO-de, 400 MHz) §:
12.42 (s, 1H), 12.11 (s, 1H), 8.44 (s, 1H), 8.08 (q, J =
4.0, 1H), 7.67 (d, J = 8.0, 1H), 7.30 (q, J = 4.0, 2H),
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7.14-7.16 (m, 2H), 2.55 (s, 3H); 13C NMR (DMSO-dg, 400
MHz) §: 167.0, 156.0, 150.6, 142.7, 136.7, 133.9, 132.9,
129.8, 129.4, 125.1, 124.5, 121.7, 112.2, 110.7, 19.5; Anal.
Calcd. for C15H[2N4O6S: C, 47.87; H, 3.21; N, 14.89; S,
8.52 Found: C, 47.79; H, 3.16; N, 14.91; S, 8.60.

N -(6-benzoyl- 1 H -benzo[d Jimidazol - 2-yl) - 4 - methyl-
benzenesulfonamide
(3j)

m.p. 241-243 °C (dc); '"H NMR (DMSO-ds, 400 MHz) §:
12.12 (s, 1H), 7.91 (d, J = 8.0, 2H), 7.65-7.71 (m, 4H),
7.50-7.58 (m, 6H), 7.37 (d,J = 8.0, 1H), 2.28 (s, 3H); 13C
NMR (DMSO-dg, 400 MHz) §: 206.5, 194.9, 151.7, 144.0,
137.9,134.6, 131.4,130.6, 130.3, 129.3, 128.8, 128.4, 125.6,
125.0, 112.8, 110.7, 30.65; Anal. Calcd. for Co;H;7N303S:
C, 64.43;H,4.38;N, 10.73; S, 8.19 Found: C, 64.35; H, 4.33;
N, 10.77; S, 8.13.

4 - Methyl - N-(5-methyl-4,5-dihydro-1H-imidazol-2-yl)
benzenesulfonamide (3K)

m.p. 222-223 °C (dc); '"H NMR (DMSO-dg, 400 MHz) §:
9.67 (s, 1H), 7.65 (d, J = 8.0, 2H), 7.43 (s, 1H), 7.30 (d,
J = 8.0, 2H), 3.82-3.87 (m, 1H), 3.55 (¢, J = 12.0, 1H),
298 (dd, J = 4.0, 4.0, 1H), 2.35 (s, 3H), 1.11 (d, J =
4.0, 3H); 13C NMR (DMSO-d, 400 MHz) §: 159.4, 141.5,
141.2, 129.0, 125.6, 49.4, 48.6, 20.9, 20.6; Anal. Calcd. for
C11H5N30,S: C, 52.15; H,5.97; N, 16.59; S, 12.66 Found:
C,52.12; H,5.94; N, 16.61; S, 12.68.

Potassium (3- phenyl- 1,2,4- oxadiazol- 5- yl)(phenyl-
sulfonyl)amide (4a)

m.p. 208-210°C; IR (KBr) v: 3032, 3058, 1549, 1444, 1384,
1261, 1137, 1092, 936, 786,755, 688 cm™'; 'H NMR (400
MHz, DMSO-dg) 8: 7.89-7.91 (m, 2H, CHarom), 7.79-7.82
(m, 2H, CHyrom), 7.43-7.47 (m, 6H, CHarom); '3C NMR
(100 MHz, DMSO-dg) 8: 172.63, 166.98, 144.87, 130.24,
130.01, 128.89, 128.59, 127.78, 126.79, 126.25; Anal. Calcd.
for C14H10KN303S: C, 49.54; H, 2.97; N, 12.38; S, 9.45
Found: C, 49.44; H, 2.89; N, 12.40; S, 9.41.

Potassium (3-phenyl-1,2,4-oxadiazol-5-yl)(tosyl)amide
(4b)

m.p. 210-211 °C; IR (KBr) ve—y: 3074, 2926, 2857, 1639,
1595, 1472,1339, 1319,1148,1089, 886, 739 cm™~!; 'H NMR
(400 MHz, DMSO-dg) §: 7.86 (t, Jyg = 7.8 Hz, 2H,
CHarom), 7.52-7.60 (m, 3H, CHarom), 7.40 (d, 3Juu =
8 Hz, 2H, CHayrom), 2.37 (s, 3H, CH3); 13C NMR (100
MHz, DMSO-dg) §: 165.45, 163.94, 143.12, 138.15, 131.73,
129.37, 129.10, 127.04, 126.73, 124.98, 20.98; Anal. Calcd.

for C15Hp,KN303S: C, 50.97; H, 3.42; N, 11.89; S, 9.07
Found: C, 50.85; H, 3.39; N, 11.99; S, 9.09.

Potassium (3 - p - tolyl - 1,2,4 - oxadiazol - 5 - yl)
(phenylsulfonyl)amide (4c)

m.p. 218-220 °C; "H NMR (400 MHz, DMSO-dg) 8: 7.87—
7.90 (m, 2H, CHarom), 7.69 (d, 3 Juu = 8 Hz, 2H, CHarom),
7.41-7.44 (m, 3H, CHyrom), 7.25 (d, 3Jug = 8 Hz, 2H,
CHarom), 2.34 (s, 3H, CH3); 13C NMR (100 MHz, DMSO-
dg) 8: 172.59, 166.94, 144.98, 139.57, 130.17, 129.12,
128.63, 127.75, 126.77, 126.21, 20.97; Anal. Calcd. for
Ci5H12KN303S: C,50.97; H, 3.42; N, 11.89; S, 9.07 Found:
C, 50.89; H, 3.36; N, 11.93; S, 9.01.

Potassium (3- p-tolyl-1,2,4-oxadiazol-5-yl)(tosyl)amide
(4d)

m.p. 220-222 °C; 'H NMR (400 MHz, DMSO-ds) §:7.78
(d, 3 Juu = 8 Hz, 2H, CHarom), 7.70 (d, 3 Jyy = 7.6 Hz, 2H,
CHarom), 7.21-7.26 (m, 4H, CHarom), 2.34 (s, 3H, CH3),
2.31 (s, 3H, CH3); >C NMR (100 MHz, DMSO-dg) §:
172.53, 166.92, 142.16, 139.91, 139.56, 129.26, 129.12,
128.19, 126.85, 126.21, 20.97, 20.83; Anal. Calcd. for
C16H14KN303S: C, 52.30; H, 3.84; N, 11.44; S, 8.73 Found:
C, 52.20; H, 3.78; N, 11.49; S, 8.81.

Potassium (3-(2-chlorophenyl)-1,2,4-oxadiazol-5-yl)
(phenylsulfonyl)amide (4e)

m.p. 205-208 °C; "H NMR (400 MHz, DMSO-dg) §8: 7.87—
7.90 (m, 2H, CHarom), 7.68-7.71 (m, 1H, CHgrom), 7.53-7.55
(m, 1H, CHarom), 7.40-7.49 (m, 5H, CHarom); '>C NMR (100
MHz, DMSO-dg) §: 172.18, 166.21, 144.81, 131.19, 131.11,
130.36, 130.28, 129.75, 127.82, 127.62, 127.10, 126.74;
Anal. Calcd. for Cj4HoCIKN303S: C, 44.98; H, 2.43; N,
11.24; S, 8.58 Found: C, 44.84; H, 2.38; N, 11.26; S, 8.53.

Potassium (3-(2-chlorophenyl)-1,2,4-oxadiazol-5-yl)
(tosyl)amide (4f)

m.p. 207-209 °C; '"H NMR (400 MHz, DMSO-dg) §: 7.78
(d, 3Juu = 8.4Hz, 2H, CHyom), 7. 70-7.72 (m, 1H,
CHarom), 7.53-7.55 (dd, 3Jyg = 1.4 Hz, 3Jgy = 7.8 Hz,
1H, CHarom), 7.41-7.49 (m, 2H, CHarom), 7.22 (d, 3 Jyn =
8 Hz, 2H, CHurom), 2.32 (s, 3H, CH3),; 3C NMR (100
MHz, DMSO-dg) §: 172.15, 166.16, 142.11, 139.98, 131.68,
131.57, 131.21, 131.06, 130.36, 128.25, 127.09, 126.79,
20.84; Anal. Calcd. for C15H;1CIKN303S: C,46.45; H, 2.86;
N, 10.83; S, 8.27 Found: C, 46.37; H, 2.81; N, 10.89; S, 8.24.
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Potassium (3-(pyridin-3-yl)-1,2,4-oxadiazol-5-yl)
(phenylsulfonyl)amide (4g)

m.p. 283-286 °C (dec); '"H NMR (400 MHz, DMSO-ds)
8: 8.95 (s, 1H, CHarom), 8.65 (d, Jyny = 4Hz, 1H,
CHarom), 8.12 (d, 3Juu = 8 Hz, 1H, CHaom), 7.90 (d,
3Jun = 1.6 Hz, 2H, CHarom), 7.44-7.51 (m, 4H, CHarom);
13C NMR (100 MHz, DMSO-de) §: 178.0, 165.2, 150.9,
149. 8, 147.2, 146.8, 133.7, 130.3, 127.8, 126.8, 123.9;
Anal. Calcd. for C;3H9KN4O3S: C, 45.87; H, 2.66; N,
16.46; S, 9.42 Found: C, 45.76; H, 2.61; N, 16.51; S,
9.39.

Potassium (3-(pyridin-3-yl)-1,2,4-oxadiazol-5-yl)(tosyl)
amide (4h)

m.p. 285-288 °C (dec); '"H NMR (400 MHz, DMSO-ds)
8: 8.96 (d, 3Jyy = 1.6 Hz, 2H, CHyrom), 8.64-8.66 (dd,
3Jau = 4.8Hz, 3Jyn = 1.6 Hz, 1H, CHarom), 8.11-8.15
(td, 3Jun = 8Hz, 3Jyy = 2Hz, 1H, CHaom), 7.78 (d,
3Jun = 8 Hz, 2H, CHarom), 7.48-7.51 (m, 1H, CHarom),
7.24 (d, 3Jun = 7.6 Hz, 2H, CHarom), 2.32 (s,3H, CH3);
13C NMR (100 MHz, DMSO-dg) §: 172.77, 165.16, 150.93,
147.18, 141.92, 140.08, 133.66, 128.26, 126.87, 124.84,
123.87, 20.84; Anal. Calcd. for C14H {1 KN4O3S: C, 47.44,
H,3.13;N, 15.81; S, 9.05 Found: C, 47.30; H, 3.04; N, 15.85;
S,9.12.

Potassium (3-benzhydryl-1,2,4-oxadiazol-5-yl)
(phenylsulfonyl)amide (4i)

m.p. 186-188 °C; IR (KBr) v: 3056, 3029, 3088, 3004, 2899,
1628, 1558, 1528, 1492, 1446, 1385, 1263, 1149, 1073, 941,
844,787, 751, 693 cm™'; "H NMR (400 MHz, DMSO-dg)
8:7.84-7.87 (m, 2H, CHarom), 7.19-7.48 (m, 13H, CHarom),
5.19 (s, 1H, CHpenzy1); '*C NMR (100 MHz, DMSO-dp) §:
172.5,170.3, 144.8, 141.2,130.1, 128.5, 128.1, 127.7, 126.8,
126.4, 48.1; Anal. Calcd. for Co;H;sKN303S: C, 58.72; H,
3.75; N, 9.78; S, 7.47 Found: C, 58.68; H, 3.69; N, 9.82; S,
7.41.

Potassium (3-benzhydryl-1,2,4-oxadiazol-5-yl)(tosyl)
amide (4j)

m.p. 191-194°C; "H NMR (400 MHz, DMSO-dg) 8: 7.71 (d,
3Jun = 8 Hz, 2H, CHarom), 7.19-7.34 (m, 12H, CHarom),
5.17 (s, 1H, CHypenzy1), 2.34 (s, 3H, CH3); 13C NMR (100
MHz, DMSO-dg) 6:172.4,170.2,142.1, 141.3,129.3, 128.5,
128.2, 128.1, 126.9, 126.4, 48.1, 20.9; Anal. Calcd. for
CyH;sKN303S: C, 59.57; H, 4.09; N, 9.47; S, 7.23 Found:
C,59.51; H,4.02; N, 9.52; S, 7.26.
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N-(4-phenyl-5-thioxo-4,5-dihydro-1H - 1,2,4-triazol-3-yl)
benzenesulfonamide (5a)

m.p. 303-307 °C (dc); '"H NMR (DMSO-dg, 400 MHz) §:
13.39 (s, 1H), 10.10 (s, 1H), 7.79 (d, J = 7.2 Hz, 2H), 7.54—
7.63 (m, 2H), 7.44 (d, J = 7.6 Hz, 2H), 7.33 (t, ] = 8.4 Hz,
1H), 7.00 (t, J = 7.6 Hz, 1H); 13C NMR (DMSO-ds, 400
MHz) §: 162.5, 153.2, 142.6, 139.9, 132.1, 129.1, 129.1,
125.6, 122.0, 117.3; Anal. Calcd. for C14H12N4O3S,: C,
50.59; H, 3.64; N, 16.86; S, 19.29 Found: C, 50.51; H, 3.58;
N, 16.90; S, 19.23.

4-Methyl- N -(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-
triazol-3-yl)benzenesulfonamide (5b)

m.p. 317-318 °C (dc); "H NMR (DMSO-ds, 400 MHz) §:
13.77 (s, 1H), 10.11 (s, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.53—
7.57 (m, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.30 (d, 3 Jun =
6.4 Hz, 2H), 7.00 (t, J = 7.2 Hz, 1H), 2.40 (s, 3H); 13C
NMR (DMSO-ds, 400 MHz) §: 167.3, 153.3, 143.6, 137.5,
132.6, 129.6, 129.3, 129.0, 128.4, 126.9, 21.0; Anal. Calcd.
for C15H14N40,S,: C, 52.01; H, 4.07; N, 16.17; S, 18.51
Found: C, 51.94; H, 4.01; N, 16.11; S, 18.57.

N-(5-thioxo-4- p-tolyl-4,5-dihydro-1H - 1,2,4-triazol-3-
yl)benzenesulfonamide (5c¢)

m.p. 313-316 °C (dc); '"H NMR (DMSO-ds, 400 MHz) §:
13.55 (s, 1H), 9.99 (s, 1H), 7.79 (d, J = 7.2 Hz, 2H), 7.53—
7.61 (m,3H),7.33(d, J = 8.4 Hz,2H),7.13(d, J = 8.4 Hz,
2H), 2.24 (s, 3H); 13C NMR (DMSO-dg, 400 MHz) §: 162.4,
153.3,142.6,137.4,132.1,131.0, 129.5, 129.1, 125.5, 117.5,
20.3; Anal. Calcd. for C15sH14N4O,S,: C, 52.01; H, 4.07; N,
16.17; S, 18.51 Found: C, 51.98; H, 3.98; N, 16.14; S, 18.54.

N-(5-thioxo-4- p-tolyl-4,5-dihydro-1H - 1,2,4-triazol-3-
yl)methanesulfonamide (5d)

m.p. 287-289 °C (dc); 'H NMR (DMSO-dg, 400MHz) §:
13.93 (s, 1H), 8.67 (s, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.36
(d, J = 8.0 Hz, 2H), 2.79 (s, 3H), 2.38 (s, 3H); 13C NMR
(DMSO-dg, 400 MHz) §: 166.2, 142.1, 138.4, 131.6, 129.5,
125.6,37.4,20.7; Anal. Calcd. for C;oH2N40,S,: C, 42.24,
H, 4.25; N, 19.70; S, 22.55 Found: C, 42.16; H, 4.21; N,
19.75; S, 22.61.

N-(5-thioxo-4,5-dihydro-1H -1,2,4-triazol-3-yl)benzene-
sulfonamide

(Se)

m.p. 301-303 °C (dc); "H NMR (DMSO-ds, 400 MHz) §:
12.88 (s, 1H), 8.27 (s, 1H), 7.95 (d, J = 7.20 Hz, 2H), 7.54—
7.60 (m, 3H), 7.04 (s, 1H); 13C NMR (DMSO-dg, 400 MHz)
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8:163.1,157.7, 142.8, 131.9, 129.0, 126.1; Anal. Calcd. for
CgHgN40O,S,: C, 37.49; H, 3.15; N, 21.86; S, 25.02 Found:
C,37.41;H, 3.09; N, 21.80; S, 25.11.

4-Methyl-N -(5-thioxo-4,5-dihydro-1 H - 1,2,4-triazol-3-
yvl)benzenesulfonamide (5f)

m.p. 311313 °C (dc); 'H NMR (DMSO-ds, 400 MHZ) §:
13.05 (s, 1H), 8.26 (s, 1H), 8.00 (s, 1H), 7.83 (d, J = 7.6 Hz,
2H), 7.37 (d, J = 7.6 Hz, 2H), 2.39 (s, 3H); *C NMR
(DMSO-dg, 400 MHz) §: 161.5, 150.7, 142.6, 139.3, 129.4,
126.2, 20.9; Anal. Calcd. for CoH9N4O3S,: C, 39.99; H,
3.73; N, 20.73; S, 23.72 Found: C, 39.83; H, 3.66; N, 20.71;
S, 23.82.

N-(4-amino-5-thioxo-4,5-dihydro-1H -1,2,4-triazol-3-yl)
benzenesulfonamide (5g)

m.p. 297-300 °C (dc); '"H NMR (DMSO-dg, 400 MHz) §:
13.43 (s, 1H), 10.15 (s, 1H), 7.93 (d, J = 7.20 Hz, 2H),
7.69-7.72 (m, 1H), 7.61-7.65 (m, 2H); '>*C NMR (DMSO-
ds, 400 MHz) §8: 165.6, 143.8, 140.1, 133.3, 129.1, 127.0;
Anal. Caled. for CgHgN50,S,: C, 35.41; H, 3.34; N, 25.81;
S, 23.64 Found: C, 35.30; H, 3.27; N, 25.75; S, 23.72.

N-(4-amino-5-thioxo-4,5-dihydro-1H -1,2,4-triazol-3-yl)
-4-methylbenzenesulfonamide (Sh)

m.p. 317-319 °C (dc); '"H NMR (DMSO-dg, 400 MHz) §:
13.41 (s, 1H), 10.29 (s, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.42
(d, J = 8.0 Hz, 2H), 7.29 (s, 2H), 2.29 (s, 3H); 13C NMR
(DMSO-dg, 400 MHz) 8: 165.5, 143.8, 141.8, 137.2, 129.5,
127.1, 21.0; Anal. Calcd. for CoH{{N50,S,: C, 37.88; H,
3.89; N, 24.54; S, 22.47 Found: C, 37.79; H, 3.82; N, 24.51;
S, 22.51.

N-(4-amino-5-thioxo-4,5-dihydro-1H -1,2,4-triazol-3-yl)
methanesulfonamide (5i)

m.p. 258-260 °C (dc); '"H NMR (DMSO-ds, 400 MHz) §:
13.70 (s, 1H), 8.45 (s, 1H,), 5.71 (s, 2H), 2.80 (s, 3H); 13C
NMR (DMSO-dg, 400 MHz) §: 165.5, 142.0, 36.1; Anal.
Calcd. for C3H7N50,S,: C, 17.22; H, 3.37; N, 33.47; S,
30.65 Found: C, 17.11; H, 3.32; N, 33.51; S, 30.58.

For full experimental procedure, '"H NMR and '3C NMR
spectral data (including their copies) for all compounds see
the provided supplementary material.
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