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Eigh teen novel 2-(1-aryl-5-methyl-1,2,3-triazol-4-yl)-1,3,4-oxadiazole de riv a tives and two acyl hy -
drazone in ter me di ate com pounds were syn the sized by var i ous path ways start ing from 1-aryl-5-methyl-
 1,2,3- triazol-4-formhydrazide (1). All prod ucts were iden ti fied by spec tro scopic anal y sis, and 2-(1- aryl- 5-
 methyl-1,2,3-triazol-4-yl)-5-benzalthio-1,3,4-oxadiazole was fur ther val i dated by X-ray crys tal log ra phy. Re -
sults from pri mary an ti bac te rial ac tiv ity tests in di cated that most of the com pounds were ef fec tive against E.
coli, P. aeruginosa, B. subtilis and S. aureus.

IN TRO DUC TION

1,3,4-Oxadiazole de riv a tives are be com ing an im por -
tant mem ber in the heterocyclic fam ily not only be cause of
their wide us age as dyes, pho to sen si tive and elec tri cal ma te -
rial,1 but also be cause of their broad spec trum in bi o log i cal
ac tiv i ties such as HIV-activity, an ti bac te rial and antifungal
ac tiv i ties.2 1,2,3-Triazole and re lated com pounds have at -
tracted much at ten tion in more and more re ports due to their
in dis pens able roles in both ag ri cul ture and in dus try. In re cent
years, in cor po ra tion of 1-substituted benzyl-1,2,3-triazole
moi ety with 1,3,4-oxadiazoles in the same mol e cule yielded
prom is ing re sults.3-4 Com bining 1-aryl-5-methyl- 1,2,3- tri -
azole with sub sti tuted 1,3,4-oxadiazole is ex pected to give
new com pounds with better bi o log i cal ac tiv i ties. In this re -
port, syn the sis of 2-(1-aryl-5-methyl-1,2,3- triazol-4- yl)-5-
 mercapto-1,3,4-oxadiazole (2) was ac com plished start ing
from 1-aryl-5-methyl-1,2,3-triazol-4-formhydrazide (1).
Some re ac tions of 2 were stud ied, such as Mannich re ac tion,
meth yl ated re ac tion, as well as the re ac tions with ha lide and
al de hyde for the pro duc tion of new com pounds 3-11.

RE SULTS AND DIS CUS SION

2,5-Substituted-1,3,4-oxadiazole de riv a tives can be
pre pared from in ter me di ate RCONHNHCOR2 or RCONHN= 
CHR2 via de hy dra tion or oxidantion.3-7 Al ter na tively, they

can also be ob tained by re ac tions of RCONHNH2 with ei ther
R2COOH or CS2 di rectly.8-9 We syn the sized 2-(1-aryl-5-
 methyl-1,2,3-triazole-4-yl)-5-mercapto-1,3,4-oxadiazole (2) 
by the lat ter path way in or der to avoid cor ro sive re agents
such as POCl3, PbO2 and Pb(OAC)4. Our syn thetic pro ce dure
of com pounds 3~5 and 7~9 were com pleted mostly in wa ter
with out PTC, which dif fers from pre vi ous lit er a ture re -
ports.10

Prod ucts 2~11 formed dis tinct crys tals, and their struc -
tures were con firmed by el e men tal anal y sis and spec tral data
(Ta ble 1 and 2). In IR spec tra, the two ab sorp tion bands at
1617~1640 cm-1 and 1255~1299 cm-1 are as signed to C=N
and N-N=C func tional groups, whereas the ab sorp tion bands
at 1066~1083 cm-1 and 965~987 cm-1 are char ac ter is tic of
C-O-C and N-N=N ac cord ing to the lit er a ture.11-12 The mo -
lec u lar ions of 6 can be de tected by FAB-MS, but not by
EI-MS due to the weak N-CH2-N bond. The 1H NMR spec tra
of 2 in DMSO-d6

 dis played singlets at  14.51~14.80 ppm for
NH, in di cat ing that the com pounds ex isted mainly in thione-
 form. Ac cord ing to pre vi ous re sults, pro tons of S-CH2- in
3~5 to 8~9 ap peared at  4.23~4.51 ppm and  3.21~3.82
ppm, re spec tively. The dif fer ence in chem i cal shift is caused
by func tional groups at tached to the S-CH2-, which are ei ther
strong elec tron with draw ing sub stitu ents (phenyl and car -
bonyl) or weak elec tron with draw ing (meth y lene).10,13

Com pound 3a was dis solved in hot ethyl ac e tate-
 petroleum and fil trated. Evap o ra tion of the sol vent af ter 18 h
gave col or less crys tals suit able for X-ray crys tal log ra phy.
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Scheme  I

i: CS2/KOH/C2H5OH/re flux; HCl; ii: H2O/NaOH ClCH2C6H5/r.t.(3) or BrCH2COC6H5/EtOH/re flux (4) or
ClCH2COOH(5)/re flux; iii: C2H5OH/HCHO/p-CH3C6H4NH2, r.t.; iv: H2O/NaOH/(CH3O)2SO2, r.t.; v: H2O/NaOH,
ClCH2CH2Cl(8) or Br(CH2)4Br(9), re flux; vi: EtOH/p-ClC6H4CHO/TsOH, re flux; vii: Ac2O, re flux.

Table 1. Physical Properties and Elemental Analysis of Compounds 2-11

Elemental anal. Found (Calcd.)/%
No. Crystals m.p. (ºC) yield Formula

N % C % H %

2a White plates 205-207 78 C11H9N5OS 26.73 (27.01) 50.63 (50.96) 3.74 (3.40)
2b White plates 224-226 83 C12H11N5OS 25.48 (25.62) 52.55 (52.74) 4.31 (4.06)
3a Colorless crystals 62-64 82 C18H15N5OS 19.96 (20.04) 61.72 (61.88) 4.56 (4.33)
3b White needles 112-114 86 C19H17N5OS 18.97 (19.27) 62.61 (62.79) 4.31 (4.71)
4a White plates 136-138 85 C19H15N5O2S 18.57 (18.56) 60.05 (60.47) 4.22 (4.06)
4b White plates 177-179 90 C20H17N5O2S 17.47 (17.89) 61.32 (61.36) 4.69 (4.38)
5a Pale brown plates 175-177 80 C13H11N5O3S 21.80 (22.07) 49.29 (49.21) 3.52 (3.49)
5b White plates 162-164 82 C14H13N5O3S 21.24 (21.14) 50.71 (50.75) 3.96 (3.95)
6a Pale yellow needles 145-147 85 C19H18N5O2S 22.25 (22.21) 60.17 (60.30) 4.98 (4.77)
6b White plates 156-158 88 C20H20N5O2S 21.11 (21.41) 61.17 (61.21) 5.28 (5.14)
7a White powder 94-96 72 C12H11N5OS 25.37 (25.62) 52.46 (52.74) 4.19 (4.06)
7b Pale yellow needles 143-145 76 C13H13N5OS 24.48 (24.37) 54.42 (54.34) 4.66 (4.56)
8a White granules 197-199 83 C24H20N10O2S2 25.53 (25.72) 52.68 (52.93) 3.91 (3.70)
8b White needles 202-204 84 C26H24N10O2S2 23.99 (24.46) 54.32 (54.53) 4.35 (4.22)
9a White plates 152-154 85 C26H24N10O2S2 23.86 (24.46) 54.11 (54.53) 4.55 (4.22)
9b White powder 194-196 90 C28H28N10O2S2 23.17 (23.32) 55.76 (55.98) 5.04 (4.70)
10a White plates 228-230 94 C17H14N5ClO 20.82 (20.61) 60.40 (60.09) 4.36 (4.15)
10b Long white needles 238-240 95 C18H16N5ClO 19.62 (19.79) 61.29 (61.11) 4.63 (4.56)
11a White plate 225-227 76 C19H16N5ClO2 18.60 (18.34) 59.44 (59.77) 4.29 (4.22)
11b White needles 236-237 79 C20H18N5ClO2 18.02 (17.69) 60.33 (60.69) 4.82 (4.58)



The crys tal 0.42*0.38*0.38 mm was mounted with graphic
monochromated MoK  (  = 0.71073 Å), and data was col -
lected in the range 1.97º - 25.00º. De tails of the in ten sity col -
lec tion are given in Ta ble 3.

Com pounds 2-11 were screened for their an ti bac te rial
ac tiv i ties against E. coli, P. Aeruginosa, B. Subtilis and S.
aureus em ploy ing the cup-plate method at the con cen tra tion
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Table 2. IR, MS and 1H NMR Data of Compounds 2-11

No. IR max/cm-1 EI-MS (%) 1H NMR

2a 3101, 1631, 1279,
1067, 983

259 (M+, 28), 230 (25), 170 (100),
130 (32), 103 (10), 77 (69)

14.80 (s, 1H, NH), 7.67 (s, 5H, ArH),
2.53 (s, 3H, CH3)

2b 3101, 1633, 1278,
1067, 987

273 (M+, 15), 245 (19), 184 (44),
170 (78), 91 (100)

14.51 (s, 1H, NH), 7.63 (broad, 4H, ArH),
2.51, 2.43 (2s, 6H, 2CH3)

3a 3028, 1617, 1278,
1071, 973

----
7.50~7.58 (m, 10H, ArH), 4.58 (s, 2H, CH2),
2.72 (s, 3H, CH3)

3b 3062, 1617, 1270,
1068, 976

363 (M+, 4), 262 (7), 172 (7), 132 (8),
115 (10), 91 (100), 65 (23)

7.52~7.29 (m, 9H, ArH), 4.57 (s, 2H, CH2),
2.68, 2.49 (2s, 6H, 2CH3)

4a 3048, 1676, 1624,
1290, 1071, 971

377 (M+, 11), 349 (4), 179 (10), 156 (23),
118 (27), 105 (100), 77 (57)

8.12~7.57 (m, 10H, ArH), 5.21 (s, 2H, CH2),
2.57 (s, 3H, CH3)

4b 3063, 1686, 1626,
1296, 1070, 977

391 (M+, 26), 363 (29), 273 (2), 170 (46),
105 (100), 91 (44), 65 (14)

8.13~7.50 (m, 9H, ArH), 5.20 (s, 2H, CH2),
2.54, 2.43 (2s, 6H, 2CH3)

5a 2936, 1718, 1624,
1267, 1073, 978

317 (M+, 82), 289 (7), 158 (100),
156 (33), 130 (56), 118 (84), 77 (65)

13.19 (s, 1H, OH), 7.67 (s, 5H, ArH),
4.23 (s, 2H, CH2), 2.58 (s, 3H, CH3)

5b 2937, 1720, 1624,
1261, 1075, 980

----
13.31 (s, 1H, OH), 7.53~7.50 (m, 4H, ArH),
4.23 (s, 2H, CH2), 2.56, 2.43 (2s, 6H, 2CH3)

6a 3328, 1635, 1272,
1082, 975

273 (2), 260 (15), 259 (100), 170 (13), 155
(21), 91 (17), 77 (16), 379 (M+1, FAB)

7.65~7.68 (m, 9H, ArH), 6.10 (s, 2H, CH2),
5.54 (s, 1H, NH), 2.54, 2.31 (2s, 6H, 2CH3)

6b 3324, 1640, 1271,
1082, 976

317 (3), 273 (100), 198 (10), 184 (19), 169
(44), 91 (21), 65 (13), 393 (M+1, FAB)

7.47~6.89 (m, 9H, ArH), 6.08 (s, 2H, CH2),
5.53 (s, 1H, NH), 2.51, 2.42, 2.22 (3s, 9H,
3CH3)

7a 3029, 1622, 1257,
1072, 977

----
7.58 (s, 5H, ArH), 2.81 (s, 3H, SCH3), 2.70
(s, 3H, CH3)

7b 3043, 1620, 1255,
1072, 980

287 (M+, 27), 212 (22), 172 (48),
132 (48), 115 (52), 91 (100), 65 (80)

7.60 (broad, 4H, ArH), 2.82 (s, 3H, SCH3),
2.72, 2.65 (2s, 6H, 2CH3)

8a 3044, 1620, 1265,
1066, 974

----
7.65 (s, 10H, ArH), 3.82 (s, 4H, S-CH2-
CH2-S), 2.58 (s, 6H, 2CH3)

8b 3044, 1623, 1271,
1070, 973

572 (M+, 17), 484 (3), 332 (11), 300 (36),
188 (22), 170 (100), 91 (30)

7.48 (br, 8H, ArH), 3.81 (s, 4H, S-CH2-
CH2-S), 2.56, 2.43 (2s, 12H, 2*2CH3)

9a 3041, 1623, 1278,
1070, 970

572 (M+, 26), 445 (37), 314 (100),
226 (30), 158 (45), 156 (76), 77 (42)

7.67 (s, 10H, ArH), 3.40~3.31 (m, 4H,
2SCH2), 2.58 (s, 6H, 2CH3), 1.97
(m, 4H, 2SCH2CH2)

9b 3038, 1623, 1270,
1070, 973 ----

7.51~7.49 (s, 8H, ArH), 3.39~3.31
(m, 4H, 2S CH2), 2.56, 2.43, 1.97 (m, 4H,
2SCH2CH2)

10a 3297, 1674, 1574,
1287, 966

339 (M+, 82), 337 (93), 309 (100),
280 (52), 138 (77), 111 (34), 77 (55)

12.22 (s, 1H, NH), 8.58 (s, 1H, CH),
7.80~7.46 (m, 9H, ArH), 2.57 (s, 3H, CH3)

10b 3317, 1680, 1595,
1277, 979

353 (M+, 19), 323 (100), 294 (29),
172 (29), 141 (13), 139 (29), 91 (5)

12.20 (s, 1H, NH), 8.57 (s, 1H, CH),
7.79~7.50 (m, 8H, ArH), 2.55, 2.43 (2s, 6H,
2CH3)

11a 3297, 1674, 1575,
1282, 1069, 965

----
8.24 (s, 1H, CH), 7.84~7.36 (m, 9H, ArH),
2.67, 2.50 (2s, 6H, 2CH3)

11b 3332, 1687, 1578,
1273, 1067, 981

395 (M+, 21), 353 (100), 268 (32),
216 (52), 172 (83), 144 (62), 91 (42)

8.24 (s, 1H, CH), 7.83~7.39 (m, 8H, ArH),
2.65, 2.55, 2.43 (3s, 9H, 3CH3)

Scheme  II

Ortep 3 scheme of com pound 3a



of 100 g/mL in the nu tri ent agar me dia (41 g nu tri ent agar/
1000 mL wa ter).14 The in ves ti ga tion re sults are listed in Ta -
ble 4. The re sults showed that all com pounds were ac tive ex -
cept for 4b, 5a and 8-9a. It is worth while to note that com -

pounds 2-3a, 7a-b, 8-9b and 11a-b ex press sig nif i cant an ti -
bac te rial ac tiv ity. The in ves ti ga tion on the struc ture-activity
re la tion ship shows that a thiadiazole ring en hances the an ti -
bac te rial ac tion of most of the ti tle com pounds.

EX PER I MEN TAL

All re agents of lab o ra tory grade were used with out pu -
ri fi ca tion. The melt ing points are un cor rected and were taken
on an X-4 mi cro scopic melt ing point ap pa ra tus. IR spec tra
were re corded on a Nicolet AV A TAR 360 FT-IR spec trom e ter 
in KBr disc. 1H NMR was re corded on a Bruker AC-80 in stru -
ment in DMSO-d6 with TMS as in ter nal stan dard. Mass spec -
tra were per formed on a ZAB-HS (EI) and VG ZAB-HS
(FAB) in stru ments. And the el e men tal anal y sis was per -
formed on an Elementar Vario EL ap pa ra tus.

Com pound 1-aryl-5-methyl-1,2,3-triazol-4-form
hydrazide (1) was pre pared from aryl amine by five
steps ac cord ing to the lit er a ture15

Prep a ra tion of 2-(1-aryl-5-methyl-1,2,3-triazol-4-yl)-5-
 mercapto-1,3,4-oxadiazoles (2)

To an eth a nol (100 mL) so lu tion of KOH (75 mmol),
hydrazide 1 (50 mmol) and car bon disulfide (100 mmol) were 
added and the mix ture was refluxed for 36 h. It was con cen -
trated to a small vol ume, poured into ice wa ter and fil tered.
The fil trate on acid i fi ca tion gave a percipitate which was col -
lected and recrystallized from eth a nol.

Gen eral prep a ra tion of 2-(1-aryl-5-methyl-1,2,3- triazol-
 4- yl)-5-alkylthio-1,3,4-oxadiazoles (3)-(5)

A mix ture of thione 2 (1 mmol), so dium hy drox ide (1
mmol for 3-4, 2 mmol for 5) and the ap pro pri ate ha lide (1
mmol) was stirred in 25 mL of wa ter ( -bromo- - aceto phe -
none was dis solved in 5 mL of eth a nol and then added drop -
wise). Com pound 3 was formed af ter stir ring for 8 h at room
tem per a ture, but 4-5 were suc cess fully syn the sized by
refluxing for only 4 h. The re sult ing thioether (5 ap peared af -
ter be ing neu tral ized by 1N HCl) was col lected by fil tra tion,
washed with wa ter and recrystallized from a suit able sol vent.

Prep a ra tion of 5-(1-aryl-5-methyl-1,2,3-triazol-4-yl)-3-N-
p-methylphenylaminomethyl-1,3,4-oxadiazolin-5-thiones
(6)

A so lu tion of 2 (1 mmol) in eth a nol con tain ing form al -
de hyde (0.15 mL) was stirred for 0.5 h un der cool ing by
ice-water bath. p-Toluidine (1 mmol) was added and the re ac -
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Table 3. X-ray Crystallography Data of 3a

Chemical formula C18H15N5OS

M 349.41
Crystal system Triclinic
Space group P1

a (Å) 8.3530 (10)
b (Å) 10.331 (2)
c (Å) 10.843 (2)

(º) 97.99 (2)
(º) 101.610 (10)
(º) 111.170 (10)

V (Å3) 831.4 (2)
F (000) 364
Z 2
Dc (g. cm-3) 1.396
Reflections collected 3221
Independent reflections 2896 (Rint = 0.0103)
T (K) 293 (2)
Final R indics [I > 2ó (I)] R1: 0.0343, wR2: 0.0842
R indics R1: 0.0467, wR2: 0.0882
Extinction cofficient 0.029 (3)
Largest diff. Peak and hole (eÅ-3) 0.191 and -0.204

Table 4. Inhibition Effect of Compounds 2-11

No. E. coli P. aeruginosa B. subtilis S. aureus

2a ++ +++ ++ +
2b + + + ++
3a ++ ++ + +
3b ++ +++ - +
4a + - + +
4b ++ - - -
5a +++ - - -
5b +++ ++ + ++
6a ++ ++ + +
6b ++ +++ - +
7a ++ + ++ ++
7b + +++ ++ +
8a - - + ++
8b ++ ++ ++ +++
9a - - ++ +
9b ++ ++ ++ ++
10a - ++ + ++
10b ++ +++ ++ -
11a ++ ++ ++ +
11b + ++ ++ +

Zone diameter of growth inhibition: < 10 mm (-), 10-13 mm (+)
and 14-17 mm (++). Diameter of the cup = 8 mm.



tion mix ture was stirred for 8 h at room tem per a ture. The ex -
ces sive EtOH was re moved and the re sult ing solid was
washed with pe tro leum (5 mL) and recrystallized from eth a -
nol to yield 6.

Syn the sis of 2-(1-aryl-5-methyl-1,2,3-triazol-4-yl)-5-
methylthio-1,3,4-oxadiazoles (7)

Dimethylsulfate (0.06 mmol) was added dropwise to
the mix ture of 2 (1 mmol) and so dium hydraoxide (1 mmol)
and stirred over night at room tem per a ture to pricipate a white 
solid. The crude prod uct was col lected by fil tra tion, washed
with wa ter and recrystallized from ethyl ac e tate-petroleum to 
get 7.

Gen eral prep a ra tion of 1,2/1,4-bis[2-(1-aryl-5-methyl-
1,2,3-triazol-4-yl)-1,3,4-oxadiazolin-5-thio]ethanane/
butanane (8)-(9)

Ap pro pri ate 1,2-dichloroethanane/1,4-dibromobutane
(1/2 mmol) was added dropwise to the so lu tion of 2 (1 mmol)
and equiv a lent NaOH in 30 mL of wa ter and stirred for 0.5 h.
Then the mix ture was refluxed for 2 h. The pre cip i ta tion was
pu ri fied as 3-4 and 7 to get 8-9.

Syn the sis of 3-N-acetyl-5-(1-aryl-5-methyl-1,2,3-triazol-
4-yl)-2-p-chlorophenyl- 2-1,3,4-oxadiazoline (11)

A so lu tion of 2 (2 mmol), equiv a lent p-chloro phen yl -
aldehyde was refluxed in 20 mL of eth a nol for 4 h cat a lyzed
by p-to lu ene sulfonic acid. In ter me di ate p-chlorophenyl -
aldehyde-(1-aryl-5-methyl-1,2,3-triazol-4-yl)-formhydrazo
ne 10 was pre cip i tated in high yield. It was col lected, dried
and refluxed in an hy drous ace tic acid (5 mL) for 2 h. Af ter re -
moval of ex ces sive sol vent, the res i due was poured into
crushed ice to get a white pow der. The crude prod uct was
recrystallized from eth a nol-ethyl ac e tate to af ford 11.
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