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Triazoles have been reported to be biologically 
versatile compounds, having bactericidal [ 1,2] fungi- 
tidal [3, 41 insecticidal [5, 61 and pesticidal [7, 81 
properties. The toxicological importance of the 
-N-C-S- moiety has been well established in many 
fungicides. Several metal chelates are also known to 
possess bactericidal [9] fungicidal [lo] and antiviral 
[ 1 l] activities. In several cases the metal chelates 
have been found to be more fungitoxic than the 
chelating agents themselves [12]. With this in view 
the preparation and characterization of the com- 
plexes are reported. 

Experimental 

All chemicals used were of AR grade or equivalent 
quality. 

Preparation of 3-0-tolyloxymethyWaryl-5-mercapto- 
1,2,4-triazole 

A mixture of 0-tolyloxyacetyl hydrazine (0.01 M) 
and phenylisothiocyanate (0.012 M) was refluxed in 
8% NaOH solution for 5 to 6 hours when a clear solu- 
tion resulted. It was cooled, poured into water and 
filtered. The filtrate on acidification gave a precipi- 
tate which was filtered, washed and recrystallised 

[131. 

TABLE I. Analytical Data and General Behaviour of the Complexes. 

Preparation of Metal Complexes 
The complexes were precipitated by refluxing a 

methanolic solution of 3.O-tolyloxymethyl-4-aryl-5. 
mercapto-1,2,4-triazole (0.01 M) with an aqueous 
solution of metal salts (0.03 M) for 2 to 4 hours. The 
precipitafe was filtered, washed successively with a 
large excess of water, hot methanol and ether and 
dried in vaccuo. The analytical results are given in 
Table I. 

Physical Measurements 
The complexes were analysed for their metal 

content after destroying the organic residue with a 
mixture of concentrated hydrochloric and nitric acids. 
Standard methods were used for the purpose [14]. 

The water content of the complexes was deter- 
mined by heating them at temperatures of 150-300 
“C and determining the loss in weight. 

The magnetic susceptibility of the complexes was 
determined by the Faraday method using ferrous am- 
monium sulphate as calibrant. Experimental magnetic 
susceptibilities were corrected for diamagnetism [ 151. 
The magnetic moments of the complexes at room 
temperature are given in Table I. 

The IR spectra of the complexes and the ligands 
were recorded on a Beckman infrared spectrophoto- 
meter in the KBr phase in the 4000-600 cm-’ range. 

The thermogravimetry of the complexes was 
carried out with the help of TG-750. Stanton Red 
Croft (U.K.) thermogracimetric analyser at a heating 
rate of 10 “C min-’ in air with chart speed 300 
mm/hr. The results.are recorded in Table II. 

Fungitoxicity was evaluated against A.niger and 
A.jlavus by the agar plate method [16] at three dif- 
ferent concentrations. The average percentage inhibi- 
tion by various compounds is recorded in Table III. 

Percentage Inhibition = 
(C - T)lOO 

C 
where, 
C = diameter of the fungus colony in the control 

plate after 96 hours 
T = diameter of the fungus colony in treated plates 

after 96 hours. 

Complexes Metal % 

Obs. Cal. 

Nitrogen % Sulphur % peif.(B.M.) 

Obs. Cal. Obs. Cal. 

IWz(Ac)z a 21.8 
Cd-L3-SO4 10.15 
cuL4*so4 4.59 
Ag-L-(NO31 23.00 

a L = iigand; AC = CHJCOO. 

22.01 9.27 9.30 7.10 7.00 Dia. 
10.19 11.56 11.46 11.73 11.64 Dia. 
4.74 12.50 12.46 11.79 11.86 1.98 

23.12 9.15 8.99 7.01 6.85 Dia. 
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TABLE II. TG Data for Metal Complexes. 

Stable phase or 

thermal decomposition 

Temperature 

range (“C) 

% Weight Loss 

Found Calc. 

Hg-J-z-W)2 
Hg.L.(Ac) 

Hg * (Ac)z 

HgO 

Cd*L3S04 

Cd*L2*S04 
Cd-SO4 

Cd0 

Cu*L4-so4 

CU*L2.SO4 

cu.so4 

cu20 

Ag*L*(N03) 

Ag*L.(N03) 

AgeNO 

80-258 30.62 32.53 

258-430 61.81 65.06 

430-544 75.54 16.23 

100-300 21.85 27.02 

300-400 81.39 81.07 

400-548 87.89 88.35 

60-140 44.12 44.06 

140-290 86.73 88.13 

290-494 90.32 89.31 

140-325 2.35 2.00 

325-548 65.05 63.59 

Results and Discussion 

The Hg(II), Cd(I1) and Ag(1) complexes, as 
expected for d” electronic configurations, are dia- 
magnetic. The structure proposed for the complexes 
is also in accordance with the diamagnetic behaviour. 
The magnetic moment value for the Cu(I1) sulphate 
complex is found to be 1.98, which is in accordance 
with the expected tetrahedral geometry of the 
complex. 

The infrared spectrum of the ligand, 3-O-tolyloxy- 
methyl-4-aryl-5-mercapto-I ,2,4-triazole shows a band 
at 3500, 3040 cm-’ which may be assigned to V_ 
N-H and v_, N-H vibrations. A weak band in the 
region 2550-2600 cm-’ in the spectrum of the 
ligand may be assigned as a v$+H stretching vibration. 
The band observed at 1120 cm-’ in the spectrum of 
the ligand is due to >C=S stretch. The ligand spec- 
trum shows a band due to conjugated >C=N and the 
o-disubstituted benzene ring at 1735-1740 and 960- 
1040 cm-’ respectively. It may be concluded from 

TABLE III. Fungicidal Screening Data. 

these that the ligand exists in the following tauto- 
merit form: 

N-N-H 

Ar 
\ 

Ar N S 
I 

dr dr 

Thiol form Thione form 

An analysis of the spectra of the complexes and 
their respective ligands shows that the z$._H band in 
the region 2550-2600 cm-’ is absent in the spectra 
of the complexes whereas the vN-H band is present. 
Further, there is a strong negative shift in the vCeS 
band in the 1050-I 200 cm-’ region. These clea?ly 
indicate that the thione form is favoured for com- 
plexation and coordination takes place through the S 
atom of the thione and the ligand acts as monodentate. 

The asymmetric and symmetric >C=O stretching 
frequencies of the free acetate ion reported at 1578 
and 1425 cm-’ respectively in the mercury(I1) 
acetate complex show that the acetato group behaves 
as a unidentate ligand in the above complex [17]. 

The presence of one strong band in the region 
1105-I 140 cm-’ and a very weak band in the 960- 
980 cm-’ region in the spectra of sulphato complexes 
and their absence in the spectrum of the ligand indi- 
cates the presence uf an ionic sulphato group in the 
complexes [ 181. 

In the case of the Ag(1) nitrate complex the 
presence of two bands at 1520 and 1285 cm-’ due to 
the u3 of nitrato group, indicates that the nitrate ion 
behaves as a monodentate ligand [ 191. 

On the basis of thermoanalytical data, the mecha- 
nism of decomposition of the complexes has been 
reported to take place as shown in Table II. The de- 
composition products of all the complexes were 
analysed. The end products were found to be the 
respective metal oxides except for the silver nitrate 
complex. From TG data it is clear that the mass loss 
starts at about 80 “C. The mass loss at a low rate right 
from the start may be due to desorption of absorbed 
gases or moisture. 

Compound 

serial as in 

Table I 

Average Percentage inhibition 

Organism-Aniger 

10 ppm 100 ppm 

Organism-A.flavus 

1000 ppm 10 ppm 100 ppm 1000 ppm 

1 45.2 45.5 48.5 40.1 42.9 43.4 

2 30.5 38.2 39.0 36.5 41.6 53.3 

3 35.5 39.2 43.4 34.5 38.6 48.4 

4 40.5 42.0 48.7 38.8 39.2 39.8 

Ligand 23.3 32.3 38.9 28:5 35.6 36.6 
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Fungicidal screening data (Table III) clearly 
indicate that the complexes are more fungitoxic than 
the free ligand. 
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