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Synthesis and Antibacterial Activity of 3-(5-Methylisoxazol-3-
yl)-1,2,4-triazolo [3,4-b ]-1,3,4-thiadiazine Derivatives
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The condensed products 2—10 of 4-amino-5-mercapto-3-( 5-
methylisoxazol-3-y1)-1, 2, 4-triazole (1) with chloroacetalde-
hyde, 2-bromocyclohexanone, chloranil, @-bromo-c-(1H-1,
2,4-triazol-1-yl) acetophenone, 2-bromo-4’-substituted ace-
tophenones and 2-bromo-6'-methoxy-2’-acetonaphthone were
described. The antibacterial activities were also evaluated.
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Introduction

Substituted 1,2 ,4-triazoles and the N-bridged het-
erocyles especially s-triazolo[ 3,4-b ]-1,3, 4-thiadiazine
derivatives have received considerable attention during
the last two decades as their diverse biological activities,
including antiparasitic, analgesic, antibacterial and anti-
inflammatory activities.'® Our previous work revealed
the antibacterial and plant growth regulative activities of
5-methylisoxazole derivatives.>*® Tt was worthwhile to
synthesize new polyheterocyelic compounds which pos-
sess 5-methylisoxazole ring and s-triazolo[3,4-b]-1,3,
4-thiadiazine moiety because the biological activities of
structurally hybridized compounds may be improved than
those of their parents compounds. In view of the above
mentioned facts, we synthesized s-triazolo[ 3,4-5]-1,3,
4-thiadiazine derivatives (2—10) by condensation of 4-
amino-5-mercapto-3-(5-methylisoxazol-3-yl)-1, 2, 4-tria-
zole (1) with chloroacetaldehyde, 2-bromocyclohex-
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anone, chloranil, w-bromo-w-(1H-1,2,4-triazol-1-yl)-
acetophenone, 2-bromo- 4'-substituted acetophenone and
2-bromo-6'-methoxy-2'-acetonaphthone,  respectively.

The antibacterial activities were also evaluated.
Results and discussion

The starting compound 1 was prepared by the
method of Reid and Heindel® in a moderate yield. The
condensation of 1 with one equivalent of chloroacetalde-
hyde in refluxing ethanol catalyzed by concentrated HCL
produced 3-(5-methylisoxazol-3-yl)-7 H-1, 2, 4-triazolo-
[3,4-b]-1, 3, 4-thiadiazine (2). The 'H NMR spec-
trum (DMSO-dg) of 2 showed a doublet at & 3.87 (d,
2H) and a triplet at 7.93 (t, J=4.0 Hz, 1H), which
were assigned to the protons of SCH, and N = CH, re-
spectively.

Treatment of 1 with 2-bromocyclohexanone or w-
bromo-e-(1H-1 »2,4-triazol-1-yl) acetophenone in abso-

- lute ethanol followed by neutralization with potassium

carbonate afforded 3-(5-methylisoxazol-3-y1)-6,7, 8, 9-
tetrahydro-1,2 ,4-triazolo[ 4, 3-b ][ 4, 1,2 ]-benzothiadi-
azine (3) and 3-(5-methylisoxazol-3-yl )-6-phenyl-7-
(1H-1,2, 4-triazol-1-y1)-1, 2, 4-triazolo[ 3,4-b ]-1, 3,
4-thiadiazine (5). The 'H NMR spectrum (DMSO-dy)
of 5 exhibited a singlet for one 1,2,4-triazole proton at o
8.91. The other 1, 2, 4-triazole proton, SCH proton and
aromatic protons resonated as a multiplet at & 7.42—8.17.
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When an ethanolic solution of 1 was treated with chlo-
ranil in the presence of anhydrous sodium acetate, 3,10-
bis(5-methylisoxazol-3-y1)-6, 13-dichloro-bis(1, 2, 4-tri-
azolo[ 3,4-b ]-1, 3, 4-thiadiazino [ 5, 6’-b: 5',6'-e 1-
cyclohexyl-1, 4-diene (4) was obtained. The 'H NMR
spectrum of 4 displayed only the signal of 3-position sub-
stituent of 5-methylisoxazole. The IR spectrum showed
absorption bands at 1620, 1280 and 723 em’! corre-
sponding to C=N, N—N and C—S—C, respectively.

In literature, ® the most useful method for the forma-
tion of s-triazolo[3,4-5]-1,3, 4-thiadiazine ring system
was the condensation of 4-amino-5-mercapto-3-substitut-
ed-1, 2, 4-triazole with 2-bromoacetophenone com-
pounds. This cyclization has afforded different products
As anticipated, the
reaction of 1 with 2-bromo-4'-substituted acetophenone

under various reaction conditions.

in the presence of potassium carbonate in absolute
ethanol resulted in cyclocondensation to give the corre-
sponding 3-( 5-methylisoxazol-3-yl )-6-aryl-7H-1, 2, 4-
triazolo[ 3, 4-b ]-1, 3, 4-thiadiazines (6—9). The IR
spectra of 6—9 displayed three characteristic absorption
bands; 1584—1619 cm for vc_y, 1278—1294 cm’

for vy and 721—723 cem! for vesc, respectively. The

'"H NMR spectra (DMSO-dg) exhibited a singlet for
SCH, proton at around & 4.42.

When triazole 1 was treated with 2-bromo-6'-
methoxy-2'-acetonaphthone in absolute ethanol, 3-(5-
methylisoxazol-3-yl )-4-( 2-bromo-6'-methoxy-2’-aceton-
aphthideneamino ) -5-mercapto-1, 2, 4-triazole (10) was
yielded instead of the expected cyclic compound due to
the steric hindrance. The molecule is of E-configuration
according to its molecular model. The '"H NMR spectrum
(DMSO-ds) of 10 exhibited signals at 5 4.04 (s, 3H),
4.55 (s, 2H) and 13.14 (s, 1H), which were as-
signed to the protons of CH;0, CH, and NH, respec-
tively. In addition, the structure was also supported by
IR spectrum which revealed the presence of C = S at
1256 cm™” and NH at 3198 cm™!, respectively. The re-
sult indicated the presence of the thione form.

All the compounds synthesized were tested for their
antibacterial activities. The antibacterial screening was
carried out employing the cup-plate method at a 100 pg/
mL concentration against E. coli, S. aureus, B. sub-
tilis and S. carlsbergensis in the nutrient agar media
(Table 1). The zone of the growth inhibition of bacteri-
a, produced by diffusion of the compounds from the cup
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into the surrounding medium, was measured after 24 h.
The preliminary results indicated that most of the com-
pounds were active against these bacteria. It is interest-

ing to note that all the compounds were sensitive to B.
subtilis comparable to chloromycetin taken as standard
drug at the concentration of 100 ug/mL.

Table 1 Antibacterial activities for compounds 2—10

Compd. E. coli B. subtilis S. aureus S. carlsbergensis
2 - + + + + ++ +
3 + + + + +
4 + + +
5 + + + +
6 + + + 4+ +
7 + + +
8 - + ++ 4+ + + +
9 + + + + +
10 + ++ + - ++ +
DMSO - - -
Chloromycetin + + + + + +

Zone diameter of growth inhibition: < 10 mm (=), 10—12mm (+), 13—15 mm ( + + and 16—20 mm (+ + + ). Diameter

of the cup=8 mm.

Experimental

The melting points of the compounds were deter-
mined on an X-4 microscopic melting point apparatus
and uncorrected. Elementary analyses were carried out
on an Elemental vario EL analyzer. IR spectra were ob-
tained in KBr disc on a 5-DX spectrometer. 'H NMR
spectra (DMSO-dg) were recorded on a Bruker AC-80
instrument with TMS as an internal standard. MS were
performed on a VG-7070E spectro meter (EI at 70 eV)
and an HP-5988A spectrometer (FAB).

w-Bromo-w-( 1 H-1, 2, 4-triazol-1-yl ) acetophenone
and 2-bromocyclohexanone were prepared as described in

9,10

the literature,”'” respectively. They were used in next

steps without further purificaton.

4- Amino-5- mercapto-3-( 5-methylisoxazol-3-y1)-1,2, 4-
triazole (1)

To a solution of KOH (0. 015 mol), absolute
ethanol (100 mL) and 5-methylisoxazol-3-formyl hy-
drazide (0.01 mol), carbon disulfide (0.015 mol) was
added and the content was agitated at room temperature
for 16 h. It was then diluted with dry ether (50 mL).
The precipitated solid was filtered and washed with dry
ether. The potassium salt was obtained in a nearly quan-

titative yield (99 % ).

A suspension of potassium salt (0.005 mol), 85%
hydrazine hydrate (5 mL) and water (1 mL) was re-
fluxed with stirring for 6 h. The mixture was then diluted
with ice cold water (20 mL) and neutralized with HCl to
pH=5. The precipitate was filtered, washed with water
and recrystallized from ethanol to give 1 in 46% yield,
m.p. 189—190°C. 'H NMR (DMSO-ds, 80 MHz) &:
2.28 (s, 3H, CH;), 5.91 (s, 2H, NH,), 6.65 (s,
1H, =CH), 13.77 (s, 1H, NH); IR (KBr) v: 3368
(w, NH), 2909 (w, C—H), 1643, 1570, 1514,
1476 (m, C=N, C=C) cm™; MS (70 eV) m/z
(%): 197 (M*, 23), 196 (100), 181 (1), 165
(2), 108 (66), 83 (15), 60 (62), 43 (20); Anal.
caled for CgH;Ns0S: C 36.54, H 3.58, N 35.51;
found C 36.88, H 3.57, N 35.62.

3-(5- Methylisoxazol-3-y1)-TH-1,2, 4-triazolo [ 3,4-b ]-
1,3,4- thiadiazine (2)

A mixture of 1 (0.001 mol), chloroacetaldehyde
(0.002 mol), concentrated HCl (1 drop) and ethanol
(50 mL) was refluxed over oil-bath for 6 h. After re-
moval of the excess of ethanol under reduced pressure,
the resulting solid was filtered and washed with water.
The crude product was recrystallized from ethanol to give
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2 in 72% yield, m.p. 188—190°C. 'H NMR (DMSO-
de, 80 MHz) &; 2.28 (s, 3H, CH;), 3.87 (d, J=
4.0 Hz, 2H, CH,), 6.53 (s, 1H, =CH), 7.93 (t,
J=4.0 Hz, 1H, =CHCH,); IR (KBr) v: 2961 (w,
CH;), 1591 (m, C=N), 1284 (m, N—N), 727 (m,
C—S—C) ecm™; MS (70 eV) m/z (%), 221 (M*,
13), 220 (M* -1, 100), 192 (15), 164 (5), 135
(8), 108 (17), 43 (6); Anal. calcd for CgH;N5OS: C
43.43, H3.19, N 31.66; found C 43.59, H3.46, N
31.88.

3-(5-Methylisoxazol -3-y1)-6,7,8,9- tetrahydro-1,2, 4-
triazolo[4,3-b1[4,1,2]- benzothiadiazine (3)

A mixture of 1 (0.001 mol), 2-bromocyclohex-
anone (0.001 mol) and fused potassium carbonate
(0.004 mmol) in absolute. ethanol (80 mL) was re-
fluxed with oil-bath for 10 h. After removal of ethanol
under reduced pressure, the resulting solid was filtered
and washed with water. The crude product was recrystal-
lized from ethanol to give 3 in 47% yield, m.p. 203—
205°C. 'H NMR (DMSO-ds, 80 MHz) §: 2.28 (s,
3H, CH;), 1.68—1.96 (m, 6H, (CH,);), 2.57 (4,
J=5.6Hz, 2H, =C(CH,) - ), 4.38 (q, J=5.6
Hz, 1H, SCH), 6.59 (s, 1H, =CH); IR (KBr) v:
2954 (w, CHz), 1593 (m, C=N), 1288 (m, N—
N), 724 (m, C—S—C) em™; MS (70 eV) m/z
(%): 2715 (M*, 16), 274 (100), 234 (7), 206
(21), 151 (7), 108 (29), 82 (5), 43 (6); Anal.
caled for C;p Hi3NsOS: C 52.35, H 4.76, N 25.44;
found C 52.07, H 4.80, N 25.71.

3, 10- Bis (5- methylisoxazol -3-yl ) -6 , 13- dichloro-bis (1,
2,4-triazolo [ 3,4-b -1, 3, 4-thiadiazino [ 5', 6'-b; 5,
6'-e ]-cyclohexyl-1,4-diene (4)

A mixture of 1 (0.002 mol), chloranil (0.001
mol) and anhydrous sodium acetate (0.001 mol) in ab-
solute. ethanol (100 mL) was refluxed for 8 h and a red
solid was "obtained. The solid was filtered, washed with
water and recrystallized from DMF in 51% yield, m.p.
>300°C. 'H NMR (DMSO-dg, 80 MHz) &; 2.32 (s,
6H, 2CH;), 6.61 (s, 2H, 2x =CH); IR (KBr) v;
2928 (w, CH3), 1620 (m, C=N), 1280 (m, N—
N), 723 (m, C—S—C); Anal. caled for Cig HgNjq
0,5,Cl,; C40.69, H1.52, N26.36; found C 40.74,
H1.73, N26.27.

3-(5- Methylisoxazol -3-y1 ) -6- phenyl-7-(1H-1, 2, 4-tri-
azol-1-y1)-1, 2, 4-triazolo [ 3, 4-b ]-1, 3, 4- thiadiazine
(5)

A mixture of 1 (0.001 mol) and w-bromo-w-{1H-
1,2, 4-triazol-1-yl) acetophenone (0.001 mol) in abso-
lute ethanol (80 mlL) was refluxed with oil-bath for 8 h.
The reaction mixture was concentrated and cooled. The
resulting solid was collected by filtration, treated with
aqueous potassium carbonate solution, washed with water
and recrystallized from ethanol to give 5 in 56% yield,
m.p. 168—169°C. 'H NMR (DMSO-dg, 80 MHz) §:
2.30 (s, 3H, CH3), 6.51 (s, 1H, =CH), 7.42—
8.17 (m, 7H, ArH, SCH, T:H), 8.91 (s, 1H,
TrH) ; IR (KBr) v: 2927 (w, CH;), 1618 (m, C=
N), 1276 (m, N—N), 711 (m, C—S—C); MS (70
eV) m/z (%): 364 (M*, 6), 297 (13), 287 (3),
261 (41), 191 (9), 108 (13), 77 (40); Anal. caled
for C;sH;pNgOS: € 52.74, H 3.32, N 30.75; found C
52.61, H3.13, N 30.48.

3-( 5- Methylisoxazol -3-yl )-6-aryl-TH-1, 2, 4-triazolo-
[3,4-b1-1,3,4-thiadiazines (6—9)

The compounds 6—9 were synthesized from 1
(0.001 mol) and 2-bromo-4’-substituted acetophenones
(0.001 mol) in a manner similar to that described for
the preparation of 3. They were recrystallized from
ethanol to give pure 6—9.

3-( 5- Methylisoxazol-3-yl )-6-phenyl-TH-1, 2, 4-
triazolo [ 3, 4-b ]-1, 3, 4-thiadiazines (6) Yield
81%, m.p. 186—187C; 'H NMR (DMSO-dg, 80
MHz) 3: 2.35 (s, 3H, CH;3), 4.43 (s, 2H, CH,),
6.65 (s, 1H, =CH), 7.75—8.10 (m, 5H, ArH);
IR (KBr) v; 2945 (w, CH;), 1584 (m, C=N), 1278
(m, N—N), 722 (m, C—S—C) cm™; MS (70 eV)
m/z (%): 297 (M*, 23), 195 (32), 180 (18),
108 (22), 103 (13), 77 (38), 43 (36); Anal. caled
for C;4H;;N50S; C 56.55, H3.73, N 23.55; found C
56.63, H4.03, N 23.78.

3-(' 5-Methylisoxazol-3-yl )-6-( 4-bromophenyl )-
7H-1,2,4-triazolo [ 3,4-b ]-1, 3, 4-thiadiazine (7)
Yield 88% , m.p. 145—146°C. 'H NMR (DMSO-
ds, 80 MHz) 3: 2.30 (s, 3H, CH;), 4.41 (s, 2H,
CH,), 6.60 (s, 1H, =CH), 7.78 (d, J=8.8 Hz,
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2H, AH), 7.97 (d, J = 8.8 Hz, 2H, ArH); IR
(KBr) v: 2969 (w, CH;), 1589 (m, C=N), 1285
(m, N—N), 723 (m, C—S—C) em™; MS (70 eV)
m/z (%) 376 (M*, 59), 378 (48), 295 (1), 195
(26), 182 (7), 107 (53), 102 (100), 77 (12), 43
(30); Anal. caled for Cyy HigNsOSBr: C 44.69, H
2.68, N 18.61; found C 44.78, H 2.84, N 18.81.

3-( 5-Methylisoxazol-3-yl )-6-( 4-methylphenyl )-
7H-1,2, 4-triazolo [ 3,4-b 1-1, 3, 4-thiadiazine (8)
Yield 78% , m.p. 196—198C.. '"H NMR (DMSO-
dg¢, 80 MHz) 8: 2.31 (s, 3H, CH;), 2.40 (s, 3H,
CH,), 4.40 (s, 2H, CH,), 6.61 (s, 1H, =CH),
7.39 (d, J=8.0 Hz, 2H, AH), 7.93 (d, J=8.0
Hz, 2H, ArH); IR (KBr) v; 2920 (w, CH;), 1608
(m, C=N), 1294 (m, N—N), 721 (m, C—S—C)
em!; MS (70 eV) m/z (%) 311 (M*, 18), 310
(100), 220 (2), 193 (21), 131 (45), 117 (27),
108 (14), 91 (43), 43 (5); Anal. caled for CjsHy,
NsOS: C57.86, H4.21, N 22.49; found C 57.63, H
4.10, N 22.43.

3-( 5-Methylisoxazol-3-yl )-6-( 4-chlorophenyl )-
7H-1,2, 4-triazolo [ 3,4-b -1, 3, 4- thiadiazine (9)
Yield 76% , m.p. 145—146°C. 'H NMR (DMSO-
dg, 80 MHz) §: 2.31 (s, 3H, CH;), 4.42 (s, 2H,
CH,), 6.61 (s, 1H, =H), 7.65 (d, J=8.8 Hz,
2H, ArH), 8.04 (d, J =8.8 Hz, 2H, ArH); IR
(KBr) v: 2920 (w, CH;), 1618 (m, C=N), 1285
(m, N—N), 722 (m, C—S—C) cm®; MS (70eV)
m/z (%): 331 (M*, 19), 333 (7), 330 (100),
332 (33), 303 (1), 267 (1), 192 (27), 151 (33),
137 (40), 139 (13), 108 (15), 76 (10), 43 (14);
Anal. caled for C4H;oNsOSCL: C 50.68, H 3.04, N
21.11; found C 50.77, H 3.32, N 21.02.

3-( 5- Methylisoxazol-3-yl )-4-( 2- bromo-6'- methoxy-2'-
acetonaphthideneamino )-5-mercapto-1,2 ,4-triazole (10)

Compound 10 was synthesized from 1 (0.001 mol)
( 0.001
mol) in a manner similar to that described for the prepa-
ration of 6-—~9. It was recrystallized from EtOH-DMF in
58% vyield, m.p. 246—248°C. 'H NMR (DMSO-dg,
80 MHz) &: 2.34 (s, 3H, CH;), 4.04 (s, 3H,
CH;0), 4.55 (s, 2H, CH,), 6.68 (s, 1H, =CH),
7.59—8.65 (m, 6H, ArH), 13.14 (s, 1H, NH); IR
(KBr) v; 3198 (w, NH), 2982 (w, CH;), 1624 (m,
C=N), 1276 (m, N—N), 1256 (m, C=S) cem’;
MS (FAB) m/z(%): 457 (M*, 22), 459 (19);
Anal. caled for CioH;gNsO,SBr: C 49.79, H3.52, N
15.28; found C 49.59, H3.44, N 15.37.

and 2-bromo-6’-methoxy-2'-acetonaphthone

References

1 Chande, M. S.; Kamik, B. M. J. Indian Chem. Soc.
1993, 70, 268.

2 Somasekhara, S.; Thakkar, R. K.; Shah, G. F. J. Indi-
an Chem. Soc. 1972, 49, 1057.

3 Mohan, J.; Anjaneyulu, G. S. R. Pol. J. Chem. 1987,
61, 547.

4 Abd El-Samie, Z. K.; Al-Ashmawi, M. I.; Abd EI-
Fattch, B. Egypt J. Pharm. Sci. 1988, 29, 251.

5 Hui, X. P.; Zhang, L. M.; Zhang, Z. Y.; Wang, Q.;
Wang, F. Indian J. Chem. 1999, 38B, 1066.

6 Yang, H.; Zhang, Z. Y. Acta Chim. Sin. 1987, 45, 916
(in Chinese) .

7 Reid, J. R.; Heindel, N. D. J. Heterocyl. Chem. 1976,
13, 925.

8 George, T.; Tahilramani, R.; Dabholkar, D. A. Indian
J. Chem. 1969, 7, 959.

9 Shi, Y. N.; Lu, Y. C.; Fang, J. X.; Hua, Y. L.
Chem. J. Chin. Univ. 1995, 16, 1710 (in Chinese) .

10 Plant, S. G. P. J. Chem. Soc. 1930, 1595.

(E200009194 SONG, ].P.; DONG, L.J.)



