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3-Pyridyl-4-alkyl (or aryl)-l,2,4-oxadiazole-5(4H)-thiones are prepared by the reaction of N-alkyl (or 
aryl) pyridine carboxamide oximes with thiophosgene. Rearrangement, catalysed by metallic copper, 
yields the corresponding 3,4-disubstituted-l,2,4-thiadiazole-5(4H)-ones. 

Key words: 1,2,4-0xadiazole-5(4H)-thiones; Copper-catalysed rearrangement; 1,2,4-thiadiazole-5(4H)- 
ones. 

Derivatives of the 1 ,2,4-oxadiazole-5-thiones1 and 1 ,2,4-thiadiazole-5-ones2 have 
shown activity respectively as fungicides and as inhibitors of chronic convulsions. 
We have previously r e p ~ r t e d ~ . ~  the copper-catalysed rearrangement of alkyl and 
phenyl derivatives of 1,2,4-oxadiazole-5-thiones to the isomeric 1,2,4-thiadiazole- 
5-ones. The present investigation aims, in addition to preparing several new 1,2,4- 
oxadiazole-5-thiones and 1,2,4-thiadiazole-5-ones for evaluation of their biological 
activity, to generalize the copper-catalysed rearrangement of 1,2,4-oxadiazole-5- 
thiones to 1,2,4-thiadiazole-5-ones. 

The compounds (3) were prepared either from the reaction of N-substituted 
pyridine carboxamide oximes (1) with thiophosgene or from the treatment of 3,4- 
disubstituted-l,2,4-oxadiazole-5(4H)-ones (2) with excess of phosphorus pentasul- 
phide. 

The thermal rearrangement of compounds (3) to compounds (4) was carried out 
with a catalytic amount of copper powder in diphenyl ether. The reaction was 
normally complete in 1-3 h at 200°C. Rapid analysis and characterization of the 
products of the rearrangement were particularly simple as all compounds (4) have 
a C=O frequency (i.r.) at 1673-1683 cm-', whilst compounds (3) have three 
mixed C=S vibrations associated with a C=S group linked to at least one nitrogens 
in the regions 1460-1478, 1290-1330, and 1115-1135 cm-'. 

t Author to whom correspondence should be addressed. 
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48 Y. DURUST, H. AGIRBAS and D.  SUMENGEN 

R ’ H  N\ 

S 
( 3 )  

R’ 
2-Pyr 
2-Pyr 
2-Pyr 
2-Pyr 
3-Pyr 

4-Pyr 
G P y r  

0 
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R 

Rcagcnls: I ,  CIC02Et;  I I ,  P2S5; III,CIzC=S; IV, Cu powder 

Analogies to this rearrangement can be found in the Schonberg rearrangement 
of diarylthione carbonates to diarylthiocarbonate~~.’ and in the thermal rearrange- 
ment of aryldialkylthionecarbamates to aryldialkylthi~carbamates.~~~ The mecha- 
nism of the copper-catalysed rearrangement is unknown, but one possibility is the 
redox sequence as shown below. 

\ 0 R( c N *  R’,C 5.N. R’ CsN\ r C R  

$N. ’ 
0 

I s + c s  cu - c1 

R \ C S N  
I 0 * c u  - 

RZN. S [&dcf S $&<] c* 

In order to test whether the rearrangement occurs without catalysis, compounds 
(3a-c) were heated for 10 h at 200°C in diphenyl ether, but they remained un- 
changed. However, when the same compounds were submitted to the same treat- 
ment for 5-11 h (Table 11) at 250°C, they were converted into compounds (4a-f). 
Only compound (3g) was decomposed at this temperature. An alternative reason- 
able mechanism for the thermal rearrangement is shown below. 
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TABLE I 
Analytical data for compounds (3) and (4) 

Molecular Found (calculated) (%) 
Yield 

Comp. (%) M.P. ("C) formula C H N 

40 

54 

64 

55 

43 

62 

33 

54 

53 

65 

33 

40 

95-96 

64-65 

136- 137 

159-160 

158- 159 

162-163 

67-68 

oil 

111-112 

140-141 

106- 107 

110-111 

CsH7N30S 
(193.2) 

(269.3) 
C9H9N30S 
(207.2) 

C14H1,N30S 

C1&11N30~" 
(221.2) 

Ci3H,N3OS 
(255.3) 

(269.3) 
CsH,N30S 
(193.2) 

(269.3) 

C14H1 lN30S 

C14H11N30S 

52.42 
(52.15) 
54.44 
(54.28) 
61.25 
(61.16) 
62.35 
(62.43) 
49.40 
(49.72) 
61.90 
(62.43) 
52.50 
(52.15) 

61.66 
(61.16) 
62.14 
(62.43) 
49.97 
(49.72) 
62.25 
(62.43) 

4.40 

5.07 
(5.01) 
3.75 

4.23 
(4.11) 
3.65 
(3.70) 
4.11 
(4.11) 
4.60 

(4.37) 

(3.55) 

(4.37) 

3.50 

3.96 
(4.11) 
3.68 
(3.65) 
4.21 

(3.55) 

(4.44) 

20.11 
(20.27) 
19.12 
(18.98) 
16.52 
(16.45) 
15.49 
(15.60) 
21.74 
(21.70) 
15.42 
(15.60) 
20.30 
(20.27) 

16.46 
(16.45) 
15.45 
(15.60) 
21.70 
(21.74) 
15.58 
(15.60) 

a Exact mass of (4c); Calcd: 221.0623; Found: 221.0616. 

TABLE I1 
Complete conversion of compounds (3) into compounds (4) 

Reaction 
Temp. Reaction 

Comp. R, Eluant Comp. R, ("C) Catalyst Time (h) 

(3b) 0.54 Benzene (4b) 0.25 200 cu 1 
200 Ag 3 

200 Ag 5 

(3d) 0.52 MeOH: CHCI,: Light pe- (4d) 0.26 200 c u  2 
troleum (40-60°C) 200 Ag 8 (1:2:5) 250 - 

(3) 0.51 Benzene: Ethyl acetate: (4) 0.43 200 c u  3 
Light petroleum (40- 200 Ag 6 60°C) (1:3:1) 250 - 

(30 0.45 Ethylacetate (40 0.31 200 c u  2 
200 Ag 4 

(3g) 0.57 Ethylacetate: Light petro- (4g) 0.44 200 c u  2 
leum (40-60°C) (3:l) 200 Ag 5 

5 250 - 

(3c) 0.55 Benzene: CHCI, (1:2) (4c) 0.18 200 Cu 1.5 

6 250 - 

7 

5 

6 250 - 

250 - 6 (dec.) 
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50 Y. DURUST, H. AGIRBAS and D. SUMENGEN 

Although the reaction took longer time, the rearrangement was found sensitive 
to silver catalysis. When compounds (3a-g) were heated for 3-8 h (Table 11) at 
200°C in diphenyl ether in the presence of a few pieces of silver shavings they were 
converted into compounds (4a-g). 

EXPERIMENTAL 

-1R spectra: Perkin-Elmer Model 177. --'H-NMR spectra: Bruker Spectrospin (200 and 360 MHz), 
EM 390 (90 MHz) and Varian T 60 A (60 MHz). 

Preparation of 3-(2-pyridyl)-4-methyl-l,2,4-oxadiazoleJ(4H)-thione (3a)-Method A .  3-(2-Pyridyl)-4- 
methyl-1,2,4-oxadiazole-5(4H)-one (0.27 g, 1.52 mmol) and phosphorus pentasulphide (0.100 g, 0.45 
mmol) were refluxed in xylene (25 ml) for 12 h. Hot solution was filtered and xylene was evaporated 
under reduced pressure to give a crude solid. The crude product was recrystallized from ether and dried 
in vacuo to give compound (3a) (0.21 g ,  71%); m.p. 129-130°C; -IR(KBr): 1580, 1570 and 1550 
(C=N), 1450, 1287 and 1110 cm-I (C=S); --'H-NMR (CDCI,): 6 3.92 (s, 3H, CH,), 7.57 (m, 1 
aromatic H), 7.92 (m, 2 aromatic H) and 8.77 ( d ,  1 aromatic H) (Found: C, 49.63; H, 3.84; N, 22.00. 
Calcd. for C,H,N,OS: C, 49.72; H, 3.65; N, 21.74%). 

Method B .  A solution of redistilled thiophosgene (1.15 g, 10 mmol) in chloroform (5 ml) was added 
dropwise to an ice-cooled solution of N-methylpyridine-2-carboxamidoxime (1.51 g, 10 mmol) and 
pyridine (1.58 g, 20 mmol) in CHCI, (250 ml). Reaction mixture was stirred at room temperature for 
3 days. The solvent was evaporated under reduced pressure at 20°C and the product was recrystallized 
from benzene-light petroleum (40-60°C) (1:l) to give compound (3a) (1.10 g, 57%); m.p. 129-130"C, 
identical in all respects with the sample obtained by method A. 

Prepararion of 3-(2-pyridyl)-4-methyl-1,2,4-?hiadiazole-5(4H)-one (4a). Compound (3a) (0.193 g, 1 
mmol) was heated in diphenyl ether (0.5 ml) in a tube for 1 h at 200°C in the presence of a catalytic 
quantity of copper powder. Reaction mixture was extracted with acetone (3 x 15 ml) and filtered. The 
solvent was evaporated under reduced pressure, and remaining solid was recrystallized from n-pentane 
to give compound (4a) (0.097 g, 50%); m.p. 94-95°C; --IR(KBr): 1680 (C=O) and 1580 cm--' (C=N); 
--'H-NMR (CDCI,): 6 3.72 (s, 3, CH,), 7.45 (m, 1 aromatic H), 7.95 (m,  2 aromatic H) and 8.67 ( d ,  
1 aromatic H) (Found: C, 49.53; H, 3.59; N, 21.77. Calcd. for C,H,N,OS: C, 49.72; H, 3.65; N, 
21.74%). 

Some of the 3,4-disubstituted-l,2,4-thiadiazole-5(4H)-ones (4) were purified by preparative t.1.c. 
using 20 x 20 cm-silica gel HF25, coated plates. The band containing the substance was detected by 
shortwave (254 nm) U.V. light and treated with chloroform, filtered and then evaporated at room 
temperature. 

Analytical data for compounds (3)  and (4)  are given in Table I. The spectroscopic data of these 
compounds are given below. 

Compound (3b), recrystallized from benzene-light petroleum (40-60°C) (1: I),  --IR(KBr): 1593, 
1582,1560 (C=N), 1460,1297 and 1120 cm-I (C=S); --'H-NMR (CDCI,): S 1.37 ( t ,  3H, CH,), 4.57 
(q ,  2H, CH,CH,), 7.55 (m, 1 aromatic H), 7.95 (m, 2 aromatic H) and 8.80 ( d ,  1 aromatic H). 

Compound (k), recrystallized from n-pentane; -IR(KBr): 1575,1545 (C=N), 1465, 1270 and 1110 
cm-' (C=S); --'H-NMR (CDCI,): 6 0.93 ( t ,  3H, CH,), 1.86 (sext, 2H, CH,CH,CH,), 4.60 ( r ,  2H, 
CH,CH,CH,), 7.73 (m, 1 aromatic H), 8.20 (m. 2 aromatic H) and 9.00 (m,  1 aromatic H). 

Compound (M), recrystallized from ether; --IR(KBr): 1580, 1555 (C=N), 1465, 1288 and 1140 
cm--' (C=S); -IH-NMR (CDCI,): 6 7.25-7.51 (m, 6 aromatic H), 7.76-7.85 (m, 2 aromatic H), and 
8.39-8.44 (m, 1 aromatic H). 

Compound (3e), recrystallized from ethanol; --IR(KBr): 1590, 1560 (C=N), 1475, 1278 and 1120 
cm-' (C=S), -'H-NMR (DMSO-d,): 6 2.34 (s, 3H, CH,), 7.30 (m, 4 aromatic H), 7.50 (m, 1 aromatic 
H), 7.77 (m, 1 aromatic H) and 8.67 (m, 2 aromatic H). 

Compound ( 3 0 ,  recrystallized from chloroform-n-hexane (1:l); --IR(KBr): 1605,1572 (C=N), 1465, 
1282 and 1115 cm-l (C=S); ---'H-NMR (DMSO-d,): S 3.50 (s, 3H, CH,), 7.70 (d, 2 aromatic H) and 
8.80 ( d ,  2 aromatic H). 

Compound (3g), recrystallized from ethanol; --IR(KBr): 1600, 1575 (C=N), 1475, 1278 and 1110 
cm--' (C=S); --'H-NMR (CDCI,): 6 2.46 (s, 3H, CH,), 7.33 (m, 6 aromatic H) and 8.73 (m. 2 aromatic 

Compound (4b) ,  purified by preparative t.1.c. using methanol-chloroform-light petroleum (40-60°C) 
(1:2:5) (R, 0.66), recrystallized from n-pentane; -IR(KBr): 1660 (C=O) and 1580 cm-I (C=N); 
-'H-NMR (CDCI,): 6 1.23 ( t ,  3H, CH,CH,), 4.30 (q ,  2H, CH,CH,), 7.30 (m, 1 aromatic H), 7.80 
(m, 2 aromatic H) and 8.60 ( d ,  1 aromatic H). 

H) . 
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THIADIAZOLE-5(4H)-ONES 51 

Compound (k), purified by preparative t.1.c. using methanol-chloroform-light petroleum (40-60°C) 
(1:2:5) (RF 0.50); -1R (liquid film): 1670 (C=O) and 1578 cm-I (C=N); -'H-NMR (CDCl,): S 
0.86 ( t ,  3H, CH2CHZCH,), 1.64 (sext, 2H, C H z a C H 3 ) ,  4.27 ( t ,  2H, CH,CH,CH,), 7.44 (m,  1 aromatic 
H), 7.86 (m.  1 aromatic H), 8.02 (m,  1 aromatic H) and 8.66 ( d ,  1 aromatic H). 

Compound (4d), recrystallized from ether; --IR(KBr): 1675 (C=O) and 1585 cm-I (C=N); -IH- 
NMR (CDCI,): S 7.25 (m,  6 aromatic H), 7.70 (m,  2 aromatic H) and 8.33 (m. 1 aromatic H). 

Compound (&), recrystallized from ether; --IR(KBr): 1670 (C=O), 1580 and 1560 cm-I (C=N); 
-'H-NMR (CDCI,): 6 2.38 (s, 3H, CH,), 7.15 (m, 5 aromatic H), 7.63 (m, 1 aromatic H) and 8.58 
(m. 2 aromatic H). 

Compound (40, recrystallized from light petroleum (40-60°C); --IR(KBr): 1675 (C=O) and 1600 
cm-I (C=N); --'H-NMR (CDCI,): S 3.42 (s, 3H, CH,), 7.50 ( d ,  2 aromatic H) and 8.84 ( d ,  2 aromatic 

Compound (4g), recrystallized from light petroleum (40-60°C); --IR(KBr): 1670 (C=O), 1620 and 
1580 cm-' (C=N); --'H-NMR (CDCI,): S 2.41 (s, 3H, CH,), 7.05 (m,  2 aromatic H), 7.20 (m,  2 
aromatic H), 7.26 (m,  2 aromatic H) and 8.58 (m, 2 aromatic H). 

Miscellaneous Experiments. (ij Compounds (3a-g) were heated for 10 h at 200°C in diphenyl ether. 
T.1.c. (silica gel) indicated only one spot for each experiment under U.V. light, confirmed by their R, 
values (Table 11) as the initial compounds. 

(ii) Compound (3a), (0.040 g, 0.2 mmol) were heated for 11 h at 250°C in diphenyl ether (0.5 ml). 
T.1.c. (silica gel) indicated only one spot corresponding to the rearrangement product (4a) (Rp 0.43) 
(MeOH: CH,CI,: Light petroleum, 40-60°C) (1:2:5). 

(iii) Compound (3x1) (0.040 g, 0.2 mmol) were heated for 5 h at 200°C in diphenyl ether (0.5 ml) in 
the presence of a few pieces of silver shavings. T.1.c. (silica gel) gave one spot, corresponding to the 
rearrangement product (4a), confirmed by its R, value of 0.43. 

Reaction times and the temperatures for the conversion of compounds (3b-g) into compounds (4b- 
g) with or without catalyst are given in Table 11. 

HI. 
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