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Abstract

The synthesis, characterization and biological screening of six
coordinated ruthenium(l11) chelates of the type [RuCIL;E¢3] (E = P/As;
L = monobasic bidentate 1-substituted tetrazoline-5-thione anion) are
reported. Antifungal activity of ligands and complexes against A. Flavus,
A. Parasiticus and C. Albicans using Carbendazin as standard and
antibacterial activity against S. Aureus, B. Subtilis and E. Coli are
examined. All complexes are characterized using various physico-
chemical, IR, electronic and 'H NMR Spectral data.

Key words : Heterocyclic thioamide, ruthenium (I11) chelates,

bio-activities.

Introduction

The relationship between structural
and biological properties of metal complexes
with thioamide ligands has been reviewed by

West et al.1. Several ruthenium complexes are
reported to be potential medicinal properties®?,
activity against viruses, tumours, fungi*> and
anti-bacterial activity®”. In continuation of our

previous efforts®1% aiming to locate thioamides
exhibiting antimicrobial agent(s) with enhanced
potency, the present work is under taken. The
tetrazoline ring having thioamide group was
selected and substituted at various location in
phenyl ring with methyl, methoxy & chloro
groups to correlate the electronic effect of such
substituents on the magnitude of the antimicrobial
activity and antifungal activity. The evaluation
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of anti microbial activity against E. Coli, S.
Enteritidis, S. Aureus and S. Epidermitis and
antifungal activity against A. Niger, A. Flavus
and C. Albicans with synthesized ruthenium
complexes are reported.

Experimental

All the chemicals used were of AR or
CP-grade. The 1-substituted tetrazoline-5-thione!*
and percursor complexes [RuCls(Egz)s]**
(X = CI, E = P/As) were prepared by the
method reported in literature and RuCls.xH;0,
Pds, Asds, CS, and NaN3 were commercial
products. All complexes were prepared using
our previous methods®*,

Analysis :

SI. No. 1:

[RUCI(O-CHs-L):(Pés)]: Calculated
(%) for RUCIC34H29NsSP: C = 52.26; H =
3.71; N=14.34; Cl =4.54; Ru=12.95; Found
(%) : C=52.01; H=3.72; N =14.20; Cl =
4.50; Ru=13.01,;

SI. No. 2:

[RuCI(O-CH3s-L)2(Asés)]:
Calculated (%) for RuCIC3ssH29NsS2AS:
C=49.47;H=3.51; N=13.58; CI =4.30; Ru
=12.26; Found (%) : C =49.62; H=3.54; N
=13.62; Cl =4.38; Ru=12.36;

Sl. No. 3 :

[RUCI(m-CHzs-L)2(P¢s)]: Calculated
(%) for RUCICssH20NsSP: C = 52.26; H =
3.71; N=14.34; Cl=4.54; Ru=12.95; Found
(%) : C =52.46; H = 3.76; N = 14.52; Cl =
4.62; Ru=13. 12;
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Sl. No. 4 :

[RuCI(m-CHs-L)2(Asés)]: Calculated
(%) for RuCICssH2NsSAs: C = 49.47; H
= 3.51; N = 13.58; Cl = 4.30; Ru = 12.26;
Found (%) : C =49.48; H = 3.48; N = 13.62;
Cl=4.36; Ru=12.36;

SI. No. 5 :

[RUCI(P-CHs-L)2(P¢s)]: Calculated
(%) for RUCIC3sH29NsS:P: C = 52.26; H =
3.71; N=14.34; Cl =4.54; Ru=12.95; Found
(%) : C=52.558; H=3.70; N=14.24; Cl =
4.55; Ru=12.89;

Sl. No. 6:

[RuCI(O-MeO-L)2(Pd3)]:
Calculated (%) for RUCIC34H29NsO2S,P:
C=50.20; H=3.56; N=13.78; Cl =4.36; Ru
=12.44; Found (%) : C = 50.30; H =3.58; N
=13.50; Cl = 4.38; Ru = 12.50;

Sl. No. 7:

[RuCI(O-MeO-L)2(Asé3)]:
Calculated (%) for RuCICssH2sNsO,S,AS:
C =47.63; H=23.38; N = 13.07; Cl = 4.14,
Ru =11.80; Found (%) : C =47.70; H = 3.82;
N =13.17; Cl =4.41; Ru =12.01;

Sl. No. 8 :

[RUCI(O-CI-L)2(P¢s)]: Calculated
(%) for RUCIC32H2sNsS:Cl:P: C = 46.73;
H=23.04; N =13.63; Cl = 12.96; Ru = 12.30;
Found (%) : C =14.80; H = 3.12; N = 13.66;
Cl=13.01; Ru=12.35;

SI. No. 9 :

[RuCI(O-CI-L):(Asds)]: Calculated
(%) for RUCIC32H26NsS:CloAs: C = 44.36;
H=3.00; N=12.94; Cl = 12.96; Ru = 11.68;
Found (%) : C =44.40; H =3.11; N = 13.01;
Cl=12.88; Ru=11.72;
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SI. No. 10 :

[RUuCI(P-CI-L)2(P¢s)]: Calculated
(%) for RuCIC3z2H26NsSCloP: C = 46.73,;
H=23.04; N =13.63; Cl = 12.96; Ru = 12.30;
Found (%) : C =46.80; H = 3.14; N =13.73;
Cl=13.01; Ru=12.11;

SI. No. 11 :

[RuCI(L)2(P¢3)]: Calculated (%) for
RuCICsH2sNgS:P: C = 51.02; H=3.32; N =
14.88; Ru=13.420; Found (%) : C=51.15; H
=3.38; N=14.90; Ru = 13.421;

The elemental analysis, spectral
conductance and Magnetic data were obtained

as reported in our previous paper*.
Results and Discussion

The analytical data of the complexes
correspond to the composition [RUCI(Eds)L;]
(E=P/As; L=monabasic bidentate anionic ligand).
These complexes are prepared by the reaction
between precusor complexes [RuCls(Eds)s]
and 1-substituted tetrazoline-5-thione ligands
in molar ratio 1:2 in benzene.

CoH
[RuUCl3(Ed,),] + 2LH refiocsn
[RUCI(Ed3)L2] + 2HCI + 2E¢3
(E = P/ As)

The molar conductance values indicate
their non-electrolytic nature and magnetic
moment value of the complexes fall in the
range of 1.91- 2.01 BM corresponding to a
single unpaired in low spin 4d° configuration
consistent with reported value reported in
literature®® for octahedral six coordinated
complexes (str. 1).
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The electronic spectra of complexes
showed two to three bands in the 250-675 nm
region. The band in the 540-490 nm are
assigned to *Tog—> 2Ayg transition for similar

to octahedral Ru(l11) complexes?. The bands
in the 350-350 nm region are probably due to
charge transfer and the other bands at 670 nm
and 470 nm are spin forbidden transitions?!,

The IR spectra of free ligands were
compared with those of ruthenium(l11) complexes
which confirms the formation of simultaneous
Ru-N and Ru-S bonds. The vN-H(3145¢cm™)
of ligands disappear in complexes indicating
deprotonation of N-H group and formation of
Ru-N bond. Further evidence in support of
formation of simultaneous Ru-N and Ru-S
bond comes from systematic shift of thioamide
bands on complexation considering our
previous results?>23, New bands at 425 cm™
and 350cm? in far- IR spectra of complexes
assigned to Ru-N and Ru-S stretching mode
respectively.

The ligand to metal bonding is further
supported by 'H NMR spectra. The resonances
due to imino proton in the ligands observed at
51.25 PPM is absent in the spectra of the
complexes suggesting formation of Ru-N bond
and deprotonation of N-H group on
complexation. The aromatic protons of P¢s

and Asoz ligands resonated as broad multiplet
in the region 67.32- 7.15 PPM and 38.0 -
8.76 PPM respectively?*. The phenyl protons
of 1-substituted phenyl tetra zoline-5-thione
appeared at 57.45-7.75 PPM as broad multiplet.
The broad nature of peak may be due to large
guadruple resonances broadening effect of
tetrazole nitrogen atoms?®. The methoxy
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Table 1. Major IR, electronic and ‘HNMR Spectral data of ligands and Ruthenium(111) Complexes
Comds IR(cm'l), Thioamide Bands Amax (nm) 'H NMR (PPM)
Band | Band | Band Band | (oRu-N/ Imino | Methyl Phenyl Phenyl
| 1l 11 \Y (vRu-S) proton | proton Protons [Proton{
(Meth- of P¢3/
oxy Asd3
Proton)
LH (ligand)|1520] 1290|980 740 -(-) 305 | 265 1.25 - 7.40-7.70 (-)
(-) (-) (multiplet)
Complex 1500 13001000 | 800 430 670 | 480 | 345 260
(SI. No. 11) (325)
O-CHs-L |1505] 1290 (1025 | 810 - 305 | 260 1.25 | 2.40 7.34 8.12
(ligand) )
Complex 1480 1295|1010 | 785 430 672 | 485 | 350| 255 | - 2.42 7.44 8.00
(SI. No. 1) (330)
Complex 1480 1290|1005 | 780 435 670 | 480 | 355| 250 | - 2.40 7.45 8.10
(SI. No. 2) (325)
m-CH3-L |1500| 1280|1060 | 790 - 303 | 260 1.20 | 2.42 7.55 8.02
(ligand) @)
Complex |1480| 1275|995 770 440 670 | 480 | 350| 255 | - 2.25 7.40 8.11
(SI. No. 3) (325)
Complex 1482 1270|1005 | 775 445 660 | 480 | 355| 255 | - 3.80 7.34 8.22
(SI. No. 4) (335)
P-CH3-L |1500| 1280|1044 | 810 - 305 | 262 1.25 | 2.40 7.30- 8.32
(ligand) (-) 7.82
Complex |1475] 1275|990 785 440 660 | 485 | 355| 255 | - 2.38 7.42- 8.11
(SI. No. 5) (340) 7.52
O-CH30-L [1500| 1290 (1025 | 810 - 305 | 270 1.25 - 7.34- (-)
(ligand) (-) (-) 7.45
Complex |1485] 1285|1000 | 790 445 662 | 485 | 355| 265| - - 7.35- 8.10
(SI. No. 6) (355) 7.44
(multiplet)
Complex |1485] 12801010 | 790 450 630 | 480 | 350 262 | - - 7.36- 8.12
(SI. No. 7) (345) 7.50
(multiplet)
O-CI-L 1500] 1285|1020 | 805 - 305 | 265 1.25 - 7.30- 8.11
(ligand) (-) 7.46
(multiplet)
Complex |1475] 1280|990 745 445 660 | 485 | 355| 260 | - - 7.32- 8.10
(SI. No. 8) (350) 7.45
(multiplet)
Complex |1475] 1280|985 745 440 670 | 480 | 350| 260 | - - 7.46 8.20
(SI. No. 9) (340)
P-CI-L 1498 1280|1055 | 785 - 305 | 265 1.28 - 7.42- -
(ligand) (-) 7.66
Complex 1480 12701020 | 745 445 660 | 480 | 350| 265| - - 7.50- 8.02
(SI. No. 10) (340) 7.55

LH = 1-phenyl tetrazoline-5-thione; Band | = NH + 8CH + oC = N;

Band Il = vC-N + 8NH + 8CH + vC=S; Band Il = vC .. N + uvC ...
Band IV=vuC..S

S,
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Table 2. Antibacterial activity of ligands and ruthenium(l11) complexes at
different concentration (PPM)
Compd. Diameter of inhibition (mm)
S. Aureus B. Subtilis E.Coli

25 50 100 25 50 100 25 50 100
O-CHs-L - - + - + + - - ¥
(ligand)
SI. No. 1 - + + + ++ ++ - - ++
(Complex)
SI. No.2 - + ++ ++ ++ +++ - + +++
(complex)
m-CHas-L - - - - - + - - -
(ligand)
SI. No. 3 - - + - - + - _ I
(Complex)
SI. No. 4 - + + + + ++ - + ++
(Complex)
P-CHs-L - + ++ + + ++ - + ++
(Ligand)
SI. No. 5 + ++ +++ + ++ +++ + ++ +++
(Complex)
O-CHsO-L | - + ++ NT | NT NT - - +
(ligand)
Sl. No. 6 + ++ +++ NT | NT NT + + ++
(Complex)
SI. No. 7 ++ +++ |+ NT | NT NT + ++ +++
(Complex)
O-CI-L + ++ ++ + ++ ++ NT NT NT
(ligand)
SI. No. 8 ++ ++ +++ ++ ++ +++ NT NT NT
(Complex)
SI.N0.9 [+++ [ +++ | +++ ++ [ +++ +++ NT NT NT
(Complex)
P-CI-L + ++ ++ + + ++ - - +
(ligand)
SI.No.10 | ++ +++ |+ ++ ++ +++ + + ++
(Complex)
Stretomycin| ++ +++ |+t ++ | +++ ++++ NT NT NT
(Stand)

Inhibition diameter in mm : (+) 15-20 mm; (++) 20-25 mm; (+++) 25-30 nm; (++++) 30-35
nm; (-) Inactive Zone < 10 nm; NT = not tested.
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Table 3. Antifungal(%) inhibition of ligands and ruthenium (111) complexes
at different concentration (ugml™?)

Compd.

A. Flavus

a. Parasiticus

c. Albicans

25

50

100

25

50

100

25

50

100

O-CHs-L
(ligand)

+

NT

NT

NT

SI. No. 1
(Complex)

Sl. No.2
(complex)

m-CHs-L
(ligand)

SI. No. 3
(Complex)

Sl. No. 4
(Complex)

P-CHs-L
(Ligand)

SI. No. 5
(Complex)

O-CI-L
(ligand)

++

++

+++

++

Sl. No. 8
(Complex)

++

++

+++

++

+++

SI. No. 9
(Complex)

++

++

++

P-CI-L
(ligand)

++

++

++

+++

NT

NT

NT

SI. No. 10
(Complex)

++

++

+++

++

++

+++

NT

NT

NT

Griscofulvin
(stand)

++

+++

++++

++

+++

++++

NT

NT

NT

Inhibition diameter in mm : (+) 15-20 mm; (++) 20-25 mm; (+++) 25-30 nm; (++++) 30-35
nm; (-) Inactive Zone < 10 nm; NT = not tested.
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protons and methyl protons of ligands observed
at 63.74 PPM and 62.4 PPM remain almost
unchanged in position on coordination.

Antifungal activity :

All ligands and their corresponding
ruthenium(l11) chelates were screened against
A. Flavus, A. Parasiticus and C. Albicans using
cup-plate method reported in literature®® using
DMSO solvent. The inhibition zone formed
around each filter paper was measured?®. The
standard fungicide carbendazim was used for
comparison. The results are given in table 3.
A close examination of the structure of the
active compound reveal that antifungal activity
was more confined mainly to chlorosubstituted
phenyl derivatives of 1-substituted tetrazoline-
5-thione and their metal chelates. The methyl
substituted phenyl derivatives of 1-substituted
tetrazoline-5-thiones have almost negligible
activity against these organism.

Antibacterial activity :

The in vitro antibacterial screening of
ligands and their ruthenium complexes have
been carried out against S. Aureus, Bacillus
Subtilis and E. Coli using a nutrient agar
medium by disc diffusion method'’-*8, The
complexes to be tested were dissolved in
DMSO to a final concentration of 0.25%,
0.5% and 1% and 50 asked in filter paper disc
of 5 mm diameter and of 1 mm thickness. The
discs were placed on the previously seeded
plated and incubated at room temperature for
24 h. The diameter of inhibitory zone around
each disc was measured. Streptomycin was
used as standard. The results (Table 2) showed
that the complexes exhibit moderate activity
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and the toxicity of ruthenium chelates increases
on increasing the concentration?. The increase
in the antibacterial activity of the metal
chelates may be due to the effect of the metal
ion on the normal cell process. A possible mode
of the toxicity increase may be explained in
light of Tweedys chelation theory?’. Moreover,
metal chelates are more active than ligands.
Bonding of thioamide ligands reduces the
polarity of ruthenium(lIl) ion and increases
lipophilic character of central metal atom
which subsequently favours its permeation
through the lipid layers of cell membrane?®?,

N
cE
Str. - |
(E=P/As; R = H,CH;, CHSO_,CI_)
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