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Derivatives of 1,3,4-oxa- and –thia-diazoles and 1,2,4-tria-
zoles bearing heterocyclic substituents in position 5 possess
diverse biological activity. Among them are compounds
increasing the activity of phleomycin,1 possessing tuberculo-
static,2,3 antiinflammatory4, anticonvulsant5 and antidepres-
sant6 activity, as well as compounds exhibiting nematocidal

and fungicidal7,8 properties, have been revealed. Derivatives
of 5-(4,6-diphenyl-2-pyrimidinyl)-1,2,4-triazoline-3-thione,
reported by us earlier, have been found to possess antiinflam-
matory activity.9a Continuing our studies in the series of
pyrimidinylazoles9 we present herein a study on the synthesis
of some derivatives of the title heterocyclic systems from the
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readily available hydrazide of 4,6-diphenyl-2-pyrimidinecar-
boxylic acid (1) and 1-(4,6-diphenyl-2-pyrimidinylcarbonyl)-
4-phenylthiosemicarbazide (2) (Scheme 1). 

Reaction of 1 with phenyl isothiocyanate gave the thiosemi-
carbazide 2. Compound 2 appeared to be rather sensitive to
heating in some solvents, and already on crystallisation from
ethoxyethanol an unexpected evolution of H2S took place with
the formation of 2-anilino-1,3,4-oxadiazole 6. In order to prove
the structure unambiguously compound 6 was also synthesised
by a traditional method of synthesis of 2-anilino-1,3,4-oxadia-
zoles11 – by the thermal intramolecular cyclocondensation of
1-(4,6-diphenyl-2-pyrimidinylcarbonyl)-4-phenyl-S-
methylisothiosemicarbazide (11). Treatment of hydrazide 1
with triethoxymethane or with potassium O-ethylxanthate
afforded the corresponding derivatives of 1,3,4-oxadiazole 3,
4. A short heating of thiosemicarbazide 2 in conc. sulfuric acid
gave 2-anilino-1,3,4-thiadiazole 7, whereas reaction of 2 with
20% KOH underwent the alternative cyclisation with the for-
mation of 4-phenyl-1,2,4-triazole-3-thione 8. The latter com-
pound was alkylated with iodomethane to give S-methyl
derivative 10. Compound 10 was also formed under the pro-
longed reflux of thiosemicarbazide 2 with iodomethane in the
presence of sodium methoxide in methanol as well as by heat-
ing of S-methylisothiosemicarbazide 11 in aprotic polar 

solvent dimethylsulfoxide. It is known12 that 2-amino-1,3,4-
oxadiazoles under the treatment with alkali undergo recyclisa-
tion to form the 1,2,4-triazole derivatives. Using this method
oxadiazole 5, obtained from 1 and cyanogen bromide accord-
ing to the procedure reported by us,9b was converted into the
1,2,4-triazolin-3-one 9.

The structures of the synthesised compounds were proved
by IR, 1H NMR and elemental analysis data (Table 1). In the
IR spectra of 1,3,4-oxadiazoles 3, 4 and 6 the characteristic
absorption band of the C-O-C fragment was observed at
1060–1066 cm–1.13 The IR spectra of compounds 4 and 8 indi-
cate that they exist in the thione form: there is no absorption
of the SH group at 2500–2600 cm–1, but bands due to NH
(3116 cm–1 and 3166 cm–1) and N-C=S groups (1506 cm–1,
1522 cm–1) are observed. Absorption bands of the NH group
of 2-anilino-1,3,4-oxadiazole 6 and 2-anilino-1,3,4-thiadia-
zole 7 are observed at 3180, 3370 cm–1 and 3200, 3260 cm–1,
respectively. The IR spectrum of 1,2,4-triazolin-3-one 9 is
characterised by the absorptions of C=O (1724 cm–1) and NH
groups (3155, 3056 cm–1). In the 1H NMR spectra of com-
pounds 2–4 and 6–11 signals from protons of the pyrimidine
and azole moieties as well as of the corresponding substituents
are observed (Table 1).

Table 1 Physical and analytical data for compounds 2–4, 6–11

Found (required)/%

Compound/ M.p./oC Molecular C H N νmax/cm–1 δH
a

yield/% (solvent) formula

2 209.5–210 C24H19N5OS 67.65 4.35 16.74 3254, 3195 (NH), 7.1 (1 H, t, 4-Ph-p-H), 7.3 (2 H, t, 4-Ph-
(67) (AcOH) (67.74) (4.50) (16.46) 1678 (C=O), 1588, m-H), 7.57 [8H, m, Ph-m,p-H

1574(C=N), (C=C), (pyrimidine), 4-Ph-o-H],  8.45 [4H, m, 
1521 (NCS) Ph-o-H (pyrimidine)] 8.6 (1 H, s, CH

pyrimidine)

3 209–211 C18H12N4O 71.94 3.98 18.99 1586, 1576, 1565 7.57 (6 H, m, Ph-m,p-H), 8.4 (4 H,
(46) (MeOH) (71.99) (4.03) (18.66) (C=N, C=C), m, Ph-o-H), 8.63 (1 H, s, CH

1066 (C-O-C) pyrimidine), 9.3 (1 H, s, CH oxadiazole)

4 274–275 65.17 3.71 16.83 3116 (NH), 1602, 7.57 (6 H, m, Ph-m,p-H), 8.38 (4 H, m,
(93) (DMF+H2O) C18H12N4OS (65.04) (3.64) (16.86) 1587, 1577 (C=N, Ph-o-H), 8.58 (1 H, s, CH pyrimidine),

C=C), 1506 (NCS), 14.9 (1 H, br s , NH)
1063 (C-O-C)

6 269–270 C24H17N5O 73.53 4.23 18.26 3370, 3180 (NH), 7.66–8.45 (15 H, m, 3 Ph-H), 8.72 (1 H, 
A (35) (DMF) (73.64) (4.38) (17.89) 1660, 1584 (C=N, s, CH pyrimidine), 11.04 (1 H, br s, NH)
B (22) C=C), 1060 (C-O-C)

7 279–280 C24H17N5S 70.58 3.97 17.38 3260, 3200 (NH), 7.00 (1 H, t, 4-CH aniline), 7.35 (2 H, t,
(55) (BuOH) (70.74) (4.20) (17.19) 1619, 1600, 1585, 3-CH aniline ), 7.55 (6 H, m, Ph-m,p-H),

1575 (C=N, C=C) 7.65 (2 H, d, 2-CH aniline), 8.4 (4 H, m,
Ph-o-H), 8.42 (1 H, s, CH pyrimidine)

8 301–301.5 C24H17N5S 70.65 4.25 17.22 3166 (NH) 1585, 7.35–7.8 [11 H, m, Ph-m,p-H
(63) (Dioxane) (70.74) (4.20) (17.19) 1576 (C=N, C=C), (pyrimidine), Ph (triazole)], 7.85–8.2 [4

1522 (NCS) H, m, Ph-o-H (pyrimidine)], 8.57 (1 H, s,
CH pyrimidine)

9 341–342 C18H13N5O 68.20 4.02 22.01 3155, 3056 (NH), 7.5 (6 H, m, Ph-m,p-H), 8.43 (4 H, m,
(50) (EtOH) (68.56) (4.15) (22.20) 1724 (C=O), 1586, Ph-o-H), 8.63 (1 H, s, CH pyrimidine),

1570 (C=N, C=C) 12.0 (1 H, s, NH), 12,25 (1 H, s, NH)

10 211–211.5 C25H19N5S 71.52 4.47 16.35 1586, 1576 (C=N, 2.73 (3 H, s, SCH3), 7.4 [8 H, m, Ph-m, 
A (75) (MeOH+DMF) (71.24) (4.54) (16.61) C=C) p-H (pyrimidine), Ph-o-H (triazole)], 
B (71) 7.55 [3 H, m, Ph-m,p-H (triazole)], 8.0
C (50) [4 H, m, Ph-o-H (pyrimidine)], 8.4 (1 H,

s, CH pyrimidine)

11 198–199 C25H21N5OS 68.59 4.84 15.76 3234, 3188 (NH), 2.34 (3 H, s, SCH3), 7.07–7,31 [11 H, 
(87) (68.32) (4.82) (15.93) 1678 (C=O), m, Ph-m,p-H (pyrimidine), Ph

1586, 1570 (C=N, (triazole)], 7.71 (4 H, m, Ph-o-H), 8.28
C=C) (1 H, s, CH pyrimidine)

a 1H NMR spectra of compounds 2–4, 6–10 were obtained in DMSO-D6, 11 in CF3COOD.
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The primary pharmacological study of the synthesised
pyrimidinylazoles showed that compounds 5, 7 and 8 possess
antiinflammatory activity.

Experimental

Melting points were determined in open capillaries and are uncor-
rected. IR spectra were run in Nujol mulls on a Perkin-Elmer FT
spectrophotometer Spectrum BX II. NMR spectra were recorded on
Tesla 587A, Bruker AC-300, and AC-400 spectrometers using tetram-
ethylsilane as internal standard. Microanalyses were performed by
the Microanalyses Laboratory of the Department of Organic
Chemistry of Vilnius University.

Physical, analytical and spectral data of the synthesized com-
pounds are given in Table 1.

1-(4,6-Diphenyl-2-pyrimidinyl)-4-phenylthiosemicarbazide (2)10:
To a solution of 1 (2.09 g, 7.2 mmol) in anhydrous EtOH (70 ml)
phenyl isothiocyanate (1.94 g, 14.4 mmol) was added dropwise. The
reaction mixture was refluxed for 2 h and cooled to room tempera-
ture. The precipitate was filtered off and recrystallised to give com-
pound 2. 

2-(4,6-Diphenyl-2-pyrimidinyl)-1,3,4-oxadiazole (3): A mixture of
1 (2 g, 6.9 mmol) and triethoxymethane (15 ml, 90 mmol) was
refluxed for 24 h. After cooling to room temperature the precipitate
was filtered off and recrystallised to give compound 3. 

5-(4,6-Diphenyl-2-pyrimidinyl)-1,3,4-oxadiazole-2-thione (4): A
mixture of 1 (7.58 g, 26.11 mmol), EtOH (250 ml) and potassium O-
ethylxanthate (4.18 g, 26.11 mmol) was stirred under reflux for 13 h.
Then the reaction mixture was concentrated under reduced pressure
to half its volume and acidified with conc. HCl to pH ~5. The precip-
itate was filtered off, washed with water and recrystallized to give
compound 4. 

2-Anilino-5-(4,6-diphenyl-2-pyrimidinyl)-1,3,4-oxadiazole (6):
Method A. A mixture of 2 (0.5 g, 1.2 mmol) and ethoxyethanol (8 ml)
was refluxed until the precipitate began to separate (5–10 min) The
hot reaction mixture was filtered and cooled. The precipitate was fil-
tered off and recrystallised to give compound 6. 

Method B: Compound 11 was heated at 215–220oC for 6 min. Then
the melt was cooled to room temperature and methanol (5 ml) was
added. The mixture was refluxed until the solid formed. The precipi-
tate was filtered off and recrystallised to give compound 6. 

2-Anilino-5-(4,6-diphenyl-2-pyrimidinyl)-1,3,4-thiadiazole (7): A
mixture of 2 (1.55 g, 3.7 mmol) and conc. H2SO4 (7.4 ml) was heated
at 90oC for 10 min, then cooled to 10oC and triturated with water
(40 ml). Conc. ammonia was added to reach pH 8. The precipitate
was filtered off and recrystallised to give compound 7. 

4-Phenyl-5-(4,6-diphenyl-2-pyrimidinyl)-1,2,4-triazole-3-thione
(8): A mixture of 2 (2.5 g, 5.87 mmol), EtOH (50 ml) and 20% KOH
(100 ml) was refluxed for 4 h. After cooling to room temperature
conc. HCl was added to reach pH 4. The precipitate was filtered off
and recrystallized to give compound 8. 

5-(4,6-Diphenyl-2-pyrimidinyl)-1,2,4-triazol-3-one (9): A mixture
of 5 (0.8 g, 2.5 mmol) and 10% NaOH (25 ml) was refluxed for 6 h.
After cooling to room temperature the reaction mixture was neutral-
lised with conc. HCl. The precipitate was filtered off, washed with
water and recrystallised to give compound 9. 

5-(4,6-Diphenyl-2-pyrimidinyl)-3-methylthio-1,2,4-triazole (10):
Method A. To a mixture of 8 (0.7 g, 1.7 mmol) and sodium methox-

ide in MeOH, prepared from sodium (0.039 g, 1.7 mmol) and MeOH
(10 ml), iodomethane (0.24 g, 1.7 mmol) was added dropwise. The
reaction mixture was refluxed for 1 h and cooled to room tempera-
ture. The precipitate was filtered off and recrystallised to give com-
pound 10. 

Method B: To a mixture of 2 (1 g, 2.35 mmol) and sodium methox-
ide in MeOH, prepared from sodium (0.054 g, 2.35 mmol) and
MeOH (10 ml), iodomethane (0.98 g, 7 mmol) was added dropwise.
The reaction mixture was refluxed for 13 h and cooled to room tem-
perature. The precipitate was filtered off and recrystallised to give
compound 10. 

Method C: Compound 11 (0.44 g, 1 mmol) was dissolved in boil-
ing DMSO (2 ml) and the mixture was cooled to room temperature.
The precipitate was filtered off, washed with methanol and recrys-
tallised to give compound 10. 

1-(4,6-Diphenyl-2-pyrimidinylcarbonyl)-4-phenyl-S-methyliso-
thiosemicarbazide (11): To a boiling mixture of 2 (1 g, 2.35 mmol),
iodomethane (0.98 g, 7 mmol) and anhydrous MeOH (10 ml) a solu-
tion of sodium methoxide in MeOH, prepared from sodium (0.054 g,
2.35 mmol) and anhydrous MeOH (10 ml), was added dropwise
under stirring. The reaction mixture was refluxed for 15 min. The pre-
cipitate was filtered off and dried to give compound 11. 
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