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Abstract

Synthesis, spectral studies, characterization and biological
activities of some mixed ligand complexes of Ti(IV) and Zr(lV) ions with
4-amino-5-mercapto-3-methyl-s-triazole(AMMSTH), pyridine and carbon
disulphide are investigated. The complexes were characterized with the
help of various physico-chemical studies such as micro analytical
analysis, magnetic and conductometric measurement, infrared and
electronic spectroscopic studies. All complexes were screened against
Aspergillus flavus, a typical fungus. Octahedral configuration has been
assigned for all complexes and also classified as mixed fungicides.
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Introduction

The present studies deals the synthesis, characterization and
biological studies of some mixed ligand Ti(IV) and Zr(IV) ions complex with
4-amino-5-mercapto-3-methyl- s-triazole (AMMSTH) as primary ligand.
Pyridine and carbon sulphide are used as secondarzy ligand. Titanium and
zirconium has shown versatile utility in chemistryl' as well as industry.
Triazole contains active NH, NH,, C=S and H-N-C=S coordinating groups.
The structures of all new chelates are elucidated on the basis of micro
analytical analysis, magnetic and conductometric measurement, infrared
and electronic spectroscopic studies. All complexes were screened against
Aspergillus flavus, a typical fungus.
Review of the literature

Triazole derivatives have shown multidimensional coordinating
abilities and biological activities®®. A number of papers have been reported
on metal triazole complexes®®. Titanium has shown less bioactivity on
comparison with Zirconium. Some times the biological activities increases
on complexation with biological active Ii;;and. Triazole derivatives are bulk
reported bioactivities organic compound”®.
Objective of the study

Coordination complexes of transition metal have versatile
application in various fields. Their uses towards industry as well as
pharmaceutical applications are the main attraction for present studies. The
study of shifting of vibrational band after complexation and their
applications in elucidation of mode of bonding also attracts to work on
characterization of complex. Entire world is facing a serious crisis as Covid-
19 pandemic attack. It becomes more powerful with a black and white
fungal attack. So, present studied on Aspergillus flavus may helpful to
society.
Experimental

4-Amino-5-mercapto-3-methyl-s-triazole is prepared by some
modified method reported in litrature™*. The complexes are prepared by
following methods. 1:2 molar 50 ml ethanolic solutions of metal salt and
ligand were mixed slowly and then refluxed on hot plate magnetic stirrer at
80°C up to 2 hours. The pH of solutions was adjusted at 6 using
corresponding mineral acid and NaOH solution. It was evaporated up to 20
ml and then ice cooled. The complexes were separated out as a crystal.
The all pyridyl and CS, containing complexes were prepared by filtrate of
above solutions by adding one molar ratio in it. It was again refluxed at
80°C up to one hour. The separated crystal were filtered, washed with
ethanol and dried in air oven at 50°C. All complexes were screened over
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Aspergillus flavus, a typical fungus caused rot disease
of pomegranates, dates, figs wilting of plant at 10, 100
and 1000 ppm concentration using cup plate method.
The analytical and physical data of complexes has
been shown in table-1. The spectral and biological
data are shown in table-02.
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Results and Discussion

The ligand (AMMSTH) form air stable solid
complexes with Ti(IV) and Zr(1V) ion. It interacts with
thione tautomeric form of ligand (fig 1) at pH ~6. All
the complexes are soluble in DMF and DEMSO. The
absorbed molar conductance values in DMF solutions
lies in the range of 3.8- 6.19 ohm™ cm? mol™
indicating their non electrolytic nature?.
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Fig.1l. 4-Amino-5-Mercapto-3-Methyl-S-Triazole (AMMSTH)

The result of magnetic measurement showed
the diamagnetic behavior as expected for d°
complexes. The absorption due to T—1 transition at
363.3 nm in electronic spectrum of ligand is blue
shifted at 315-345 nm after complexation with Ti(IV)
and Zr(lV) ions. However, no absorption absorbs at
400-800 nm. It shows that the metal ion has (ln-
1)d’ns® electronic  configuration as expected*®.
Important electronic bands are shown in Table-02.

Some IR spectral bands are shown in table-
02. Ligand (AMMSTH) may form M-N and M-S
bonding in complexes. So, it would be challenges to
diagnose the bonding through N, S or both. vSH band
at 2330 cm™ of ligand is disappeared in all complexes
indicates the involvement of sulphur atom in
coordination'*. AMMSTH showed VNH vibration™*® at
3940-3270 cm™. These bands are blue shifted after
complexation suggests non involvement of imino
nitrogen in metal bonding. It is also supported by
shifting of thio amide bands (TAB) which plays
characteristics diagnostic power in the region of 1580-
910 cm™. Thio amide band | at 1580 cm™, Il at 1315
cm™, Ill at 1030 cm™ of ligand are blue shifted (~0-10
cm™) on coordination indicating the absence of
bonding through imino nitrogen'’. TAB IV plays
diagnostics role to elucidate bonding through sulphur
or nitrogen atom of this amide band. The red shifting
of this band showed involvement of sulphur atom in
bonding and blue shifting suggests the bondinq
through nitrogen atom. TAB IV are red shifted ~5 cm”
in all Zr(lV) and 55-65 cm™ for Ti(IlV) complexes
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suggesting the metal ligand bonding through sulphur
atom™® Non-ligand bond in all Ti(lV) and Zr(IV)
complexes at 410 cm™ are assigned as vTi-S and vZr-
S. The bands at 405, 370 and 265 cm™ are assigned
as vTi-Cl and vZr-Cl mode of vibration®. Non ligand
bands at 1605 and 635 are assigned as vPy in all
pyridyl complexes® and at 1510 and 1150 cm™ as
vCS mode of vibrations in all CS, containing
complexes. The non-ligand bands at 1130, 960, 490
cm™ is assigned as mono dentate sulphato vibration
in [Zr(AMMSTH),(CS2)(SO4)2] and
[Zr(AMMSTH)2(Py)2(SO4)2]. Mono dentate vNO3
bands* are assigned at 1510 and 1150 cm™ in
[ZrO(AMMSTH)2(CS2)(NO3)2]. All reported complexes
were screened against for anti-fungal activities on
Aspergillus flavus using cup plate methods by
measuring the zone of inhabitation in nm after 76
hours of incubation at 42°C and data were compared
with carbendazim, a typical fungicide.
[ZrO(AMMSTH)2(CS2)(NO3)2] and
[Zr(AMMSTH)2(Py)2(SO4)2] showed 74.3% at 10 ppm
and 72.5% at 1000 ppm respectively.
Conclusion

On the basis of normal coordinate analysis,
all reported complexes of Ti(IV) and Zr(1V) ions have
octahedral configuration. Since complexes contain
more than one functional groups. So, all complexes
may be classified as mixed fungicides®.
[ZrO(AMMSTH)2(CS2)(NO3)2] and
[Zr(AMMSTH)2(CS2)2(S04)2] may be reported as
moderate fungicides.
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Table-1: Analytical and physical data of complexes.

S. Complexes/ Analytical data: Cal./(Found) Merf M.P. (ohm™
N. (Colour) v C g (BM) | (in | cm®mol™)

0
N C)
1. | [Ti(AMMSTH)(Cl)4] 10.64 16.00 2.67 2490 | D.M. | 172 4.16
(White) (9.85) | (15.31) | (1.91) | (23.97)
2. | [TI(AMMSTH)(Py)(Cl)4] 12.03 24.13 2.76 1759 | DM. | 155 6.01
(Brown) (11.71) | (23.71) | (2.39) | (16.14)
3. | [Zr(AMMSTH)2(Py)2(S04)2] 13.66 28.76 3.30 20.97 | D.M. | 241 6.19
(Broken white) (13.51) | (28.39) | (3.21) | (20.23)
4. | [Zr(AMMSTH)2(CS5)2(S04)2] 13.11 13.79 1.72 16.09 | D.M. | 206 7.19
(Cream) (12.19) | (13.61) | (1.63) | (15.27)
5. | [ZrO(AMMSTH),(CS.)(NO3);] 16.07 14.80 2.11 2466 | D.M. | 216 3.87
(Yellowish white) (15.23) (13.96) (2.01) (24.31)
Table-02: Spectral (nm and cm™) and biological data (ppm)
S.N | Complexes Electro | vCS/vPy TAB IV | vNO3/vSO | % Anti-fungal activities
nic data 4 on Aspergillus flavus in
(nm) ppm
10 | 100 1000
1. AMMSTH 363.3 - 925sb | - — — —
2. [TI(AMMSTH)2(Cl)4] 342 - 860m | - 22.3 26.10 29.10
3. [TI(AMMSTH)(Py)(Cl)4] 345 1605 m 870m | - 30.31 | 31.11 22.10
635w
4, [Zr(AMMSTH)2(Py)2(SO4) | 315 1605 m 920m | 1130 m 36.10 | 70.10 72.50
2] 635w 960 w
490 w
5. [Zr(AMMSTH)2(CS2)2(SO | 317 1510 m 920m | 1130 m 25.10 | 43.70 67.20
2)2] 1150 m 960 w
490 w
6. [ZrO(AMMSTH)2(CS2)(N | 321 1510 m 920m | 1415m 74.30 | 65.20 60.70
03)2] 1150 m 1305 m
7. Carbendazim - - - - 84.8 88.7 98.6
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