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SYNTHESIS, CHARACTERIZATION AND ANTIMICROBIAL
ACTIVITY OF THIAZOLE, BENZOTHIAZOLE AND PYRIMIDINE
DERIVATIVES BEARING SYDNONE MOIETIES
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The synthesis of sydnone sulfonamides bearing thiazole, benzothiazole and pyrimidine heterocycles is de-

scribed. The newly synthesized compounds were characterized by IR, NMR and elemental analysis and eval-

uated for their antibacterial activity against some important Gram-positive and Gram-negative bacterial

strains. Most of these compounds showed good to moderate activity against tested microbes.
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INTRODUCTION

Mesoionic compounds are of significant interest due to
their amazing properties and useful applications. Literature
survey disclosed that sydnone is most significant member of
the family of mesoionic compounds [1 — 3]. Heterocycles
such as thiazole, benzothiazole, and pyrimidine have dis-
played compliant pharmacological properties [4 — §]. Sulfo-
namide derivatives turned out to be useful agents in synthetic
and pharmaceutical chemistry [9 — 11]. The combination of a
mesoionic ring with various heterocyclic rings such as
thiazole, benzothiazole, and pyrimidine by sulfonamide link-
age, and the related modification of their biological activity
might be interesting.

In our laboratory, we have synthesized and characterized
various mesoionic compounds [12 — 15]. To extend the work,
the present investigation is centered on the synthesis, spectral
analysis, and antimicrobial activity of mesoionic based
thiazole, benzothiazole and pyrimidine derivatives as possi-
ble antimicrobial agents.

The proposed structures of the synthesized compounds
were confirmed by their IR and NMR spectra. Indeed, the IR
spectra of compounds 12 — 14 showed absorption between
1328 — 1368, 1187 — 1122 and 3285-3258 cm ' for SO,
(asym.), SO, (sym.) and N-H stretching vibraitons, respec-
tively, of sulfonamide group. The absorption band for C-N
stretching vibrations of thiazole and benzothiazole ring were
observed at 1632—1604 cm~'. The carbonyl group of
sydnone showed absorption at 1758 — 1735 ¢cm~'. The 'H
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NMR spectra of compounds 12 — 14 showed absorption at
10.93 — 11.47 ppm for SO,NH group. The 13C NMR spectra
exhibited characteristic signals of the carbonyl carbon of
sydnone around 168.00 ppm. Detailed spectroscopic data for
all synthesized compounds are presented in the experimental
chemical part.

EXPERIMENTAL CHEMICAL PART

The melting points reported were determined using an
electrothermal melting point apparatus and are uncorrected.
The IR spectra were recorded on a Shimadzu FTIR instru-
ment. The NMR spectra were recorded on a Brucker Avance
IT NMR spectrometer. Chemical shifts o are expressed in
ppm. Tetramethyl silane was used as an internal standard for
calibration. Elemental analysis was carried out using a
Carlo-Erba CHNS-O EA 1108 elemental analyzer. The
yields, melting points, and elemental analysis data for the
synthesized compounds are summarized in Table 1.

Synthesis of 4-(substituted phenyl)-1,3-thiazol-2-amines
(2) (Scheme I)

2,2-Dibromo-1-(substitutedphenyl)ethanone (1). Bro-
mine (0.64 mL, 0.025 mol) in chloroform (20 mL) was
added dropwise to the solution of substituted phenylethanone
(0.01 mol) in chloroform (20 mL) at room temperature, and
the mixture was stirred for about 12 h (until bromine com-
pletely disappear from the solution). The precipitates of com-
pound 1 was filtered, washed with sodium bisulfite solution,
and recrystallized from methanol.

4-(Substituted phenyl)-1,3-thiazol-2-amine (2). To a
solution of 2,2-dibromo-1-(substituted phenyl)ethanone (1)
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(0.01 mol) in ethanol (10 mL) was added a solution of
thiourea (0.76 g, 0.01 mol) in ethanol (10 mL) and the reac-
tion mixture was stirred for 30 min. The solid product was
separated and recrystallized from ethanol.

Synthesis of substituted 1,3-benzothiazol-2-amines (4)
(Scheme IT)

Bromine (1.6 mL) in glacial acetic acid (6 mL) was
added to the solution of potassium thiocynate (7.77 g,
0.08 mol) and substituted aniline (0.01 mol) in glacial acetic
acid (20 mL) dropwise at a rate such that the temperature
would not increase above 30°C. After all the bromine has
been added, the solution was additionally stirred for 2 h at
room temperature and allowed to stand overnight. The pre-
cipitate that settled at the bottom was filtered. The combined
filtrate was cooled and neutralized with ammonium hydrox-
ide until complete precipitation. The product was recrystal-
lized from benzene.

TABLE 1. Antibacterial Activity of Compounds 12 — 14

Gram-possitive microbes

Gram-negative microbes

Com

poun(_i S.aureus B. Subtilis E.coli P. Aeruginosa

1z MIC 1z MIC 1z MIC 1Z MIC
12a 10 - 09 - 14 64 08 -
12b 11 128 13 64 06 - 08 -
12¢ 18 16 16 32 15 32 17 32
12d 09 - 13 64 12 64 12 64
12e 20 16 17 32 18 32 11 64
12f 06 - 10 - 14 64 05 -
12g 13 64 09 - 12 64 14 64
13a 14 64 08 - 10 - 11 128
13b 12 64 06 - 09 - 18 32
13c 17 32 12 64 10 - 11 64
13d 07 - 12 64 09 - 07 -
13e 12 64 09 - 12 64 08 -
13f 15 64 21 16 17 32 18 32
13g 18 32 07 - 06 - 06 -
13h 12 64 08 — 07 — 05 —
131 21 08 21 16 18 32 09 -
14a 18 16 12 64 06 - 13 64
14b 09 - 20 08 13 64 10 -
l4c 08 - 12 64 21 08 09 -
14d 21 08 10 - 22 08 18 32
14e 17 32 09 - 16 32 18 32
14f 06 - 14 64 20 08 21 08
l4g 14 64 09 - 08 - 05 -
14h 11 64 13 64 17 32 19 16
141 13 64 12 64 06 - 09 -

Ciprofl 31 01 35 0.5 38 0.25 41 0.125
oxacin

Notes: IZ = Inhibition zone (mm) at 200 pg/mL; MIC = Minimum
inhibitory concentration
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Synthesis of 4-(substituted phenyl)-6-(4-methoxyphenyl)-
pyrimidin-2-amines (6) (Scheme III)

To a solution of 4-methoxy acetophenone (0.1 mol,
14.8 g) and substituted aromatic aldehyde (0.1 mol) in meth-
anol (98 mL) was added 20% KOH solution (10 mL). The
reaction mixture was stirred overnight at room temperature.
After the completion of reaction, it was poured onto ice-cold
water, acidified, filtered, and crystallized from ethanol to
yield chalcone derivatives 5 with 80 — 95% yield.

A mixture of chalcone derivatives (0.01 mol), guanidine
nitrate (0.015 mole, 1.83 g) and 25% sodium methoxide so-
lution in methanol (28 mL) was refluxed for 6 h. After the
completion of reaction, the resultant mixture was cooled to
room temperature. Precipitated compound was filtered,
washed with water, dried, and crystallized from methanol to
yield target pyrimidine derivatives 6 with 88 — 97% yield.

Synthesis of Compounds 12 — 14 (Schemes IV and V)

4-{[4-(substituted  phenyl)-1,3-thiazol-2-yl]sulfamo-
yl}-3-(4-chlorophenyl)sydnones (12). 3-(4-Chlorophenyl)-
4-(chlorosulfonyl)sydnone (11) (2.95 g, 0.01 mol) was dis-
solved in acetone at room temperature. A solution of appro-
priate thiazole derivative (0.01 mol) in acetone was added
dropwise to compound 11 solution over a period of 5 h with
constant stirring; 0.5 mL of pyridine was added to the well-
stirred solution after 1 and 2 h during the reaction. The solu-
tion was poured onto ice with stirring. The precipitate was
collected by filtration, washed with water, and dried. Recrys-
tallization of the crude product was performed from benzene.

4-[(Substituted-1,3-benzothiazol-2-yl)sulfamoyl]-3-
(4-chlorophenyl)sydnones  (13).  3-(4-chlorophenyl)-4-
(chlorosulfonyl)sydnone (11) (2.95g, 0.01 mol) was dis-
solved in acetone at room temperature. A solution of appro-
priate benzothiazole derivative (0.01 mol) in acetone was
added dropwise into compound 11 solution over a period of 5
hour with constant stirring; 0.5 mL of pyridine was added to
the well-stirred solution after 1 and 2 h during the reaction.
The solution was poured onto ice with stirring. The precipi-
tate was collected by filtration, washed with water, and dried.
Recrystallization of the crude product was performed from
benzene.

3-(4-Chlorophenyl)-4-{[4-(4-methoxyphenyl)-6-(sub-
stituted phenyl)pyrimidin-2-yl]sulfamoyl}sydnones (14).
3-(4-chlorophenyl)-4-(chlorosulfonyl)sydnone (11) (2.95 g,
0.01 mol) was dissolved in acetone at room temperature. A
solution of appropriate pyrimidine derivative (0.01 mol) in
acetone was added dropwise into compound 11 solution over
a period of 5 h with constant stirring; 0.5 mL of pyridine was
added to the well-stirred solution after 1 and 2 h during the
reaction. The solution was poured onto ice with stirring. The
precipitate was collected by filtration, washed with water,
and dried. Recrystallization of the crude product was per-
formed from benzene.
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Scheme I. Synthesis of 4-(substituted phenyl)-1,3-thiazol-2-amines (2).
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Scheme II. Synthesis of 2-(amino substituted)benzothiazoles (4).
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Scheme III. Synthesis of 4-(substituted phenyl)-6-(4-methoxyphenyl)pyrimidin-2-amines (6).

4-{[4-(2,4-Dichlorophenyl)-1,3-thiazol-2-yl|sulfamo-
yl}-3-(4-chlorophenyl)sydnone (12a). IR (KBr, cm )
3268, 1755, 1614, 1328, 1158, 853, 713; 'H NMR (400
MHz, CDCl;; 8, ppm): 7.35 —7.98 (m, 8H, Ar-H), 11.03 (s,
1H, SO,NH); *C NMR (100 MHz, CDCL,; 8, ppm): 108.35,
122.86, 127.53, 128.00, 129.65, 130.35, 130.80, 134.53,
135.12, 135.37, 136.47, 139.00, 154.97, 168.55, 175.42.

4-{[4-(4-Chlorophenyl)-1,3-thiazol-2-yl|sulfamoyl}-3-
(4-chlorophenyl)sydnone (12b). IR (KBr, cm ™ !): 3266,
2960, 1751, 1607, 1346, 1175, 817, 705; 'H NMR (400
MHz, CDC13; S, ppm): 7.26 —7.79 (m, 9H, Ar-H), 11.16 (s,
1H, SO,NH); *C NMR (100 MHz, CDCL,; 8, ppm): 108.33,
122.64, 128.84, 130.35, 130.90, 134.46, 134.64, 134.90,
135.53, 138.47, 152.70, 168.52, 175.39.

4-{[4-(4-Fluorophenyl)-1,3-thiazol-2-yl]sulfamoyl}-3-
(4-chlorophenyl)sydnone (12¢). IR (KBr, cm'): 3260,
1748, 1627, 1333, 1180, 1098, 823, 727; 'H NMR (400
MHz, CDC13; S, ppm): 7.98 — 8.19 (m, 9H, Ar-H), 11.50 (s,
1H, SO,NH); °C NMR (100 MHz, CDCl,; §, ppm): 105.14,
116.00, 126.95, 128.17, 130.74, 131.83, 136.73, 138.72,
140.65, 150.25, 161.94, 167.23, 172.17.

4-{[4-(4-Bromophenyl)-1,3-thiazol-2-yl|sulfamoyl}-3-
(4-chlorophenyl)sydnone (12d). IR (KBr, cm '): 3285,
2980, 1738, 1632, 1352, 1177, 713, 596; 'H NMR (400
MHz, CDCl; 8, ppm): 7.54 —8.16 (m, 9H, Ar-H), 11.26 (s,
1H, SOZNH), >C NMR (100 MHz, CDCl,; 8, ppm): 108.53,
122.06, 123.75, 128.32, 130.75, 132.64, 134.80, 136.38,
135.74, 138.70, 153.00, 168.53, 175.38.

4-{[4-(4-Methoxyphenyl)-1,3-thiazol-2-yl]sulfamoyl}-
3-(4-chlorophenyl)sydnone (12e). IR (KBr, cm’l): 3264,
2960, 1750, 1610, 1357, 1235, 1165, 846, 736; '"H NMR
(400 MHz, CDCl,; 8, ppm): 3.56 (s, 3H, OCH,), 7.36 — 8.11
(m, 9H, Ar-H), 11.16 (s, 1H, SO,NH); 3C NMR (100 MHz,
CDCl;; 6, ppm): 56.75, 105.89, 115.38, 126.50, 126.72,
128.58, 129.47, 130.80, 134.64, 138.73, 151.76, 161.24,
168.55, 174.84.

4-{|4-(4-Methylphenyl)-1,3-thiazol-2-yl]sulfamoyl}-3-
(4-chlorophenyl)sydnone (12f). IR (KBr, cm '): 3274,
2964, 1758, 1620, 1340, 1138, 816, 740; 'H NMR (400
MHz, CDCl;; 6, ppm): 2.46 (s, 3H, CH,), 7.30 —8.42 (m,
9H, Ar-H), 11.47 (s, 1H, SO,NH); °C NMR (100 MHz,
CDCly; 8, ppm): 21.80, 108.33, 122.84, 128.57, 129.60,
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Scheme V. Condensation of 3-(4-chlorophenyl)-4- (chlorosulfonyl)sydnone with thiazole, benzothiazole and pyrimidine derivatives 12 — 14:

(12a) R =2,4-Cl; (12b) R = 4-CI; (12¢) R = 4-F; (12d) R = 4-Br; (12¢) R = 4-OCH,; (12f) R = 4-CH,; (12g) R = 2,4-Cl, 5-F; (13a) R = 6-CH,;
(13b) R = 6-NO, ; (13¢) R = 6-Cl; (13d) R = 6-F; (13¢) R = 6-Br; (13f) R = 6-OCH, ; (13g) R = 4,6-NO,; (13h) R = 6-CF; (13i) R = 5-CH,;
;1421; ZIH (14b) R = 3-NO,; (14¢) R = 4-NO,; (14d) R = 4-CI; (14e) R = 4-F; (14f) R = 4-OCH,; (14g) R = 4-Br; (14h) R = 3-OCH; (14i)

130.58, 134.16, 135.06, 136.49, 138.49, 140.32, 152.85,
168.36, 175.20.

4-[(6-Methyl-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13a). IR (KBr, cm ~'): 3277, 2970,

4-{[4-(5-Chloro-2,4-difluorophenyl)-1,3-thiazol-2-yl]-
sulfamoyl}-3-(4-chlorophenyl) sydnone (12g). IR (KBr,
em ) 3258, 1743, 1617, 1354, 1134, 1114, 847, 732; 'H
NMR (400 MHz, CDCly; 8, ppm): 6.84 —7.46 (m, 7H,
Ar-H), 11.08 (s, 1H, SO,NH); ">C NMR (100 MHz, CDCl;
5, ppm): 102.50, 108.63, 119.24, 123.15, 130.74, 133.05,
134.53, 135.82, 136.47, 138.42, 154.00, 161.26, 163.47,
168.75, 175.73.

1753, 1614, 1357, 1180, 824, 733; 'H NMR (400 MHz,
CDCly; 6, ppm): 2.60 (s, 3H, CH,), 6.70 - 7.46 (m, 7H,
Ar-H), 11.24 (s, 1H, SO,NH); >C NMR (100 MHz, CDCl;
S, ppm): 21.63, 120.15, 122.40, 123.58, 128.84, 130.53,
130.69, 134.28, 135.63, 136.38, 138.85, 152.90, 168.43,
175.28.
4-[(6-Nitro-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-chlo-

rophenyl)sydnone (13b). IR (KBr, cm ™ ): 3285, 1748,
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1605, 1536, 1358, 1336, 1164, 846, 727, 'H NMR (400
MHz, CDCl;; 6, ppm): 7.46 —7.90 (m, 7H, Ar-H), 10.93 (s,
1H, SO,NH); *C NMR (100 MHz, CDCl; &, ppm): 119.16,
119.78, 122.60, 123.80, 130.64, 132.47, 135.58, 136.53,
138.22, 142.53,168.68, 156.38, 175.63.

4-[(6-Chloro-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13c). IR (KBr, cm~'): 3283, 2960,
1751, 1630, 1352, 1164, 812, 695, cm~'; '"H NMR (400
MHz, CDC13; S, ppm): 7.60 — 8.20 (m, 7H, Ar-H), 11.15 (s,
1H, SO,NH); *C NMR (100 MHz, CDCL,; 8, ppm): 120.47,
121.60, 122.10, 125.24, 127.25, 131.00, 133.64, 135.73,
136.27, 138.24, 168.75, 153.80, 175.48.

4-[(6-Fluoro-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13d). IR (KBr, cm ~'): 3276, 1750,
1612, 1344, 1173, 1090, 830, 740; 'H NMR (400 MHz,
CDCl;; 6, ppm): 7.53 —=8.00 (m, 7H, Ar-H), 11.18 (s, 1H,
SO,NH); *C NMR (100 MHz, CDCL;; §, ppm): 108.52,
115.28, 123.46, 123.63, 130.95, 132.04, 135.00, 136.38,
138.79, 152.74, 160.10, 168.15, 174.48.

4-[(6-Bromo-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13e).

IR (KBr, cm ™ '): 3274, 1756, 1627, 1348, 1157, 828,
727, 632; '"H NMR (400 MHz, CDCl,; 8, ppm): 7.32 — 7.84
(m, 7H, Ar-H), 10.95 (s, 1H, SO,NH); *C NMR (100 MHz,
CDCl;; 8, ppm): 112.93, 121.50, 122.90, 123.54, 128.63,
131.35, 133.96, 135.40, 136.38, 138.57, 152.73, 168.37,
175.16.

4-[(6-Methoxy-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13f).

IR (KBr, cm~'): 3265, 1754, 1604, 1338, 1264, 1148,
826, 735; '"H NMR (400 MHz, CDC13; S, ppm): 4.27 (s, 3H,
OCH,), 6.79 —7.54 (m, 7H, Ar-H), 10.94 (s, 1H, SO,NH);
C NMR (100 MHz, CDCl,; 8, ppm): 57.10, 106.21, 114.64,
119.35, 122.96, 131.37, 132.71, 135.85, 136.73, 138.33,
151.24, 155.85, 168.58, 174.42.

4-[(4, 6-Dinitro-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13g).

IR (KBr, cm~'): 3280, 1745, 1625, 1523, 1368, 1333,
1187, 819, 746; '"H NMR (400 MHz, CDCl;; 3, ppm):
7.65 —8.90 (m, 6H, Ar-H), 11.34 (s, 1H, SO,NH); BC NMR
(100 MHz, CDCl,; 6, ppm): 138.23, 131.65, 127.33, 135.54,
138.91, 168.35, 177.12, 151.90, 126.83, 125.97, 145.22,
119.26, 143.74.

4-{[6-(Trifluoromethyl)-1,3-benzothiazol-2-yl|sulfa-
moyl}-3-(4-chlorophenyl)sydnone (13h). IR (KBr, cm’l):
3265, 1744, 1614, 1334, 1161, 1100, 842, 740; "H NMR (400
MHz, CDCl;; 8, ppm): 7.54 — 8.24 (m, 7H, Ar-H), 11.36 (s,
1H, SO,NH); 3C NMR (100 MHz, CDCl;; 8, ppm): 121.27,
121.64, 122.80, 123.48, 126.38, 129.93, 130.58, 130.74,
135.78, 136.74, 138.20, 153.54, 168.62, 175.38.

4-[(5-Methyl-1,3-benzothiazol-2-yl)sulfamoyl]-3-(4-
chlorophenyl)sydnone (13i). IR (KBr, em 1) 3273, 2963,
1750, 1610, 1355, 1148, 836, 750; '"H NMR (400 MHz,
CDCly; 6, ppm): 2.47 (s, 3H, CH;), 7.58 -8.32 (m, 7H,
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Ar-H), 11.07 (s, 1H, SO,NH); 3C NMR (100 MHz, CDCly;
S, ppm): 21.58, 121.37, 122.48, 123.74, 126.85, 130.57,
131.68, 135.55, 135.74, 136.69, 138.45, 168.80, 152.64,
174.95.
3-(4-Chlorophenyl)-4-{[4-(4-methoxyphenyl)-6-phe-
nylpyrimidin-2-yl]sulfamoyl}sydnone (14a). IR (KBr,
em ') 3257, 2833, 1735, 1675, 1352, 1278, 1122, 836; 'H
NMR (400 MHz, CDCl,; 6, ppm): 3.83 (s, 3H, OCHg)’
6.80—8.03 (m, 14H, Ar-H), 11.34 (s, 1H, SO,NH); Bc
NMR (100 MHz, CDCl;; 6, ppm): 138.53, 131.95, 126.97,
127.70, 136.94, 139.73, 166.37, 169.13, 164.16, 102.12,
161.16, 128.14, 128.71, 128.50, 129.25, 113.64, 160.77,
54.93, 136.37.
3-(4-Chlorophenyl)-4-{[4-(4-methoxyphenyl)-6-(3-
nitrophenyl)pyrimidin-2-yl|sulfamoyl}sydnone (14b). IR
(KBr, cm ™ 1): 3270, 2839, 1758, 1660, 1536, 1344, 1332,
1264, 1137, 857; "H NMR (400 MHz, CDCl;; 8, ppm): 3.95
(s, 3H, OCH,), 6.96 —8.20 (m, 13H, Ar-H), 11.00 (s, 1H,
SO,NH); BC NMR (100 MHz, CDCl;; 6, ppm): 55.90,
114.63, 115.38, 122.90, 123.38, 125.78, 128.33, 130.10,
130.75, 131.40, 135.46, 135.64, 135.86, 136.48, 138.43,
148.38, 161.50, 163.85, 164.68, 164.83, 168.50.
3-(4-Chlorophenyl)-4-{[4-(4-methoxyphenyl)-6-(4-
nitrophenyl)pyrimidin-2-yljsulfamoyl}sydnone (14¢). IR
(KBr, cm ™ 1): 3265, 2835, 1752, 1665, 1524, 1340, 1326,
1237, 1126, 830; "H NMR (400 MHz, CDCl;; 8, ppm): 4.38
(s, 3H, OCH,), 7.24 —7.84 (m, 13H, Ar-H), 11.36 (s, 1H,
SO,NH); °C NMR (100 MHz, CDCl;; §, ppm): 55.25,
114.64, 115.47, 122.90, 125.70, 129.63, 129.86, 130.75,
133.16, 135.26, 135.73, 136.49, 138.30, 148.42, 161.35,
163.47, 163.80, 164.00, 168.66.
3-(4-Chlorophenyl)-4-{[4-(4-chlorophenyl)-6-(4-metho-
xyphenyl)pyrimidin-2-yljsulfamoyl}sydnone (14d). IR
(KBr, cm ™~ 1): 3260, 2838, 1740, 1647, 1355, 1240, 1153,
830; '"H NMR (400 MHz, CDCl;; 8, ppm): 4.32 (s, 3H,
OCH,), 7.36 - 8.18 (m, 13H, Ar-H), 11.05 (s, 1H, SO,NH);
C NMR (100 MHz, CDCL; 8, ppm): 55.43, 114.65, 115.00,
122.18, 129.46, 130.16, 130.37, 130.67, 132.80, 135.39,
135.48, 135.74, 136.53, 138.42, 159.47, 162.78, 163.48,
163.60, 168.60.
3-(4-Chlorophenyl)-4-{[4-(4-fluorophenyl)-6-(4-metho-
xyphenyl)pyrimidin-2-yljsulfamoyl}sydnone (14e). IR
(KBr, cm ™~ 1): 3281, 2824, 1746, 1652, 1348, 1255, 1147,
1123, 834; '"H NMR (400 MHz, CDCl; 8, ppm): 4.25 (s, 3H,
OCH,), 7.32 - 8.43 (m, 13H, Ar-H), 11.27 (s, 1H, SO,NH);
C NMR (100 MHz, CDCl; 8, ppm): 56.21, 114.58, 115.28,
116.00, 122.96, 129.58, 130.15, 131.15, 132.85, 135.38,
135.48, 136.63, 138.74, 161.70, 162.64, 163.37, 163.55,
164.62, 168.38.
4-{[|4,6-Bis(4-methoxyphenyl)pyrimidin-2-yl]sulfamo-
yl}-3-(4-chlorophenyl)sydnone (14f). IR (KBr, cm_l):
3272, 2817, 1752, 1675, 1360, 1248, 1152, 830; '"H NMR
(400 MHz, CDCI; 6, ppm): 4.26 (s, 6H, OCH,), 7.00 - 7.74
(m, 13H, Ar-H), 10.93 (s, 1H, SO,NH); C NMR (100
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TABLE 2. Yields, Melting Points, and Elemental Analysis of Compounds 12 — 14

Elemental analysis (%)

Cr;}gfi' R Ylf/})d’ n:;c):, Mol. formula found (caled.)
C H N

12a 2,4-Cl 82 289 C17HyO4N4S:Cl5 40.69 1.55 10.98
(40.53) (1.80) (11.12)

12b 4-Cl 73 246 C17H;904N4S,Cl, 43.86 2.82 12.19
(43.51) (2.51) (11.94)

12¢ 4-F 74 276 C17H1004N4S,CIF 44.78 2.34 12.51
(45.09) (2.23) (12.37)

12d 4-Br 68 145 C7H;904N,S,BrCl 39.72 2.03 10.77
(39.74) (1.96) (10.90)

12e 4-OCH; 78 167 CsH305N,S,Cl1 46.65 2.96 11.96
(46.50 (2.82) (12.05)

12f 4-CH; 82 233 CisH304N4S,Cl 48.01 2.54 12.68
(48.16) (2.92) (12.48)

12g 2,4-Cl, 5-F 87 256 C17HgO4N4S,CLLF 39.02 1.46 10.84
(39.13) (1.55) (10.74)

13a 6-CH; 89 189 Ci6H1104N4S,Cl1 45.26 3.01 12.98
(45.44) (2.62) 13.25)

13b 6-NO, 85 245 C5sHgO6N;5S,Cl 39.89 2.03 15.49
(39.70) (1.78) (15.43)

13¢ 6-Cl 82 146 C5sHsO4N4S-Cl, 40.52 1.66 12.51
(40.64) (1.82) (12.64)

13d 6-F 78 167 C5sHgO4N4S,CIF 42.38 1.73 12.90
(42.21) (1.89) (13.13)

13e 6-Br 76 153 C5sHsO4N,S,BrCl 36.82 1.84 11.64
(36.94) (1.65) (11.49)

13f 6-OCH; 73 238 Ci6H1105N,S,Cl 43.58 2.71 12.63
(43.79) (2.53) (12.77)

13g 4,6-NO, 83 198 C5sH;05N¢CIS, 36.24 1.25 16.71
(36.12) (1.41) (16.85)

13h 6-CF; 81 258 C6HsO4N4S,CIF; 40.53 1.53 11.96
(40.30) (1.69) (11.75)

13i 5-CH; 87 168 Ci6H1104N,S,Cl1 45.62 2.78 13.01
(45.44) (2.62) (13.25)

14a H 72 195 CysH;505NsSCl 56.21 3.48 12.89
(56.02) (3.39) (13.07)

14b 3-NO, 79 221 CysH707NgSCl 51.45 3.30 14.14
(51.69) (2.95) (14.47)

l4c 4-NO, 86 189 CysH707N6SCl 51.56 2.78 14.28
(51.69) (2.95) (14.47)

14d 4-Cl 82 216 CysH;705NsSCl, 53.01 2.67 11.97
(52.64) (3.00) (12.28)

l4e 4-F 89 258 C1sH;705NsSCIF 53.92 2.85 13.01
(54.20) (3.09) (12.64)

14f 4-OCHs; 74 168 C26HaO6NsSC1 54.81 3.62 12.56
(55.17) (3.56) (12.37)

l4g 4-Br 81 249 CysH;705NsSBrCl 48.61 2.84 11.51
(48.84) (2.79) (11.39)

14h 3-OCH; 69 178 CasH, O6 NsSCl 54.79 3.22 12.68
(55.17) (3.56) (12.37)

14i 2,5-Cl 62 206 CysHi6 Os Ns S Cl; 49.32 2.68 11.86

(49.64) (2.67) (11.58)
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MHz, CDCly; 8, ppm): 56.28, 115.46, 115.94, 123.08,
130.57, 131.76, 134.64, 135.66, 136.85, 138.93, 161.74,
163.30, 164.90, 168.53.

4-{[4-(4-Bromophenyl)-6-(4-methoxyphenyl)pyrimidin-
2-yl]sulfamoyl}-3-(4-chlorophenyl)sydnone (14g). IR
(KBr, cm~'): 3268, 2836, 1758, 1668, 1326, 1253, 1137,
836, 578; '"H NMR (400 MHz, CDC13; S, ppm): 4.25 (s, 3H,
OCH,), 7.43 - 8.34 (m, 13H, Ar-H), 11.13 (s, 1H, SO,NH);
BC NMR (100 MHz, CDCly; 8, ppm): 55.38, 114.57, 115.27,
122.10, 126.15, 129.46, 130.00, 131.64, 131.86, 133.48,
134.90, 135.38, 136.38, 138.53, 161.74, 162.58, 163.47,
163.80, 168.80.

3-(4-Chlorophenyl)-4-{[4-(3-methoxyphenyl)-6-(4-
methoxyphenyl)pyrimidin-2-yljsulfamoyl}sydnone (14h).
IR (KBr, cm ~1): 3263, 2857, 1753, 1670, 1346, 1235, 1140,
848; 'H NMR (400 MHz, CDCl;; 8, ppm): 4.28 (s, 3H,
OCH,), 4.36 (s, 3H, OCH,), 7.26 —8.10 (m, 13H, Ar-H),
11.26 (s, 1H, SO,NH); *C NMR (100 MHz, CDCL; 3,
ppm): 55.73, 55.80, 111.38, 113.65, 114.75, 115.68, 122.90,
127.29, 128.43, 129.75, 130.77, 135.04, 135.19, 135.38,
136.83, 138.38, 160.34, 162.34, 162.57, 163.38, 163.86,
168.66.

3-(4-Chlorophenyl)-4-{[4-(2,5-dichlorophenyl)-6-(4-
methoxyphenyl)pyrimidin-2-yljsulfamoyl}sydnone (14i).
IR (KBr, cm ~1): 3258, 2864, 1756, 1663, 1310, 1243, 1134,
826; 'H NMR (400 MHz, CDCl;; 8, ppm): 4.15 (s, 3H,
OCH,), 7.33 - 8.17 (m, 12H, Ar-H), 11.37 (s, 1H, SO,NH);
C NMR (100 MHz, CDCl; 8, ppm): 56.28, 114.80, 115.74,
123.54, 125.31, 127.48, 129.46, 130.12, 130.67, 131.42,
134.05, 134.57, 135.17, 135.70, 136.84, 138.57, 161.86,
162.55, 163.03, 164.48, 168.84.

EXPERIMENTAL BIOLOGICAL PART

Antibacterial activity of test compounds 12 — 14 was as-
sessed against Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, and Pseudomonas aeruginosa by cup plate
method. The seed culture was poured on Muller — Hilton
agar plate. The cups were completed by scooping out nutri-
ent agar with a sterile cock borer. To these cups, solutions of
tested compounds (0.1 mL) were added to each cup using
sterile pipettes and these plates were incubated in a refrigera-
tor at 4 — 5°C for 30 minutes so as to allow diffusion of com-
pounds to be tested (this permits the diffusion of compounds
without allowing the microbes to grow and gives sharp and
clear zones) and subsequently incubated at 37°C for 48
hours. The zone of inhibition if any was measured (in milli-
meters) for the particular compound against each organism.

Of various compounds synthesized according to scheme
V, compound 13i and 14d exhibited maximum activity
against S. aureus, while compound 14b was most active
against B. subtilis. Compounds 14¢ and 14d showed maxi-

731

mum activity against E. coli, and compound 14f was most
active against P. aeruginosa. Compounds 13f and 13i
showed good activity against B. subtilis and compound 14h
was found active against P. aeruginosa. The rest of the syn-
thesized compounds exhibited moderate to poor activity
against test species. On the whole, pyrimidine based sydnone
derivatives exhibited excellent activity. The results of
antimicrobial activity testing are summarized in Table 2.

In conclusion, various thiazole, benzothiazole and py-
rimidine substituted sydnone sulfonamides were synthesized
and evaluated for their antibacterial activity. Some of the
compounds were found effectively active against tested mi-
croorganisms.
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