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Catalytic and Antimicrobial Studies of Ruthenium() Schiff Base Complexes
Containing NS and NNSS Donor Atoms
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Abstract: Ruthenium(ll) complexes of the type [RuXy(L')(EPhs),] and [RuX(LL")(EPhs)] (where, X=Cl or Br; E=P or
As; L'-Schiff base ligand 1 [S-benzyl-B-N-(methyl,acetyl)methylenedithiocarbazate], LL’-Schiff base ligand 6 [Bis(S-
benzyl-B-N-(methyl)methylenedithiocarbazate]) has been synthesized by the reactions of [RuX;(EPhs);] or [RuBr;
(PPhs),(MeOH)] with appropriate Schiff bases in 1:1 molar ratio. The Schiff base ligands (1 and 6) were prepared by
condensing S-benzyldithiocarbazate (NH,NHCSSCH,C¢Hs) with 2,3-butanedione (1:1 and 1:2 molar ratio). Complexes
have been characterized by analytical, spectroscopic (IR, UV-Visible, and EPR) and Cyclic voltammetric methods.
The ruthenium(Ill) complexes are paramagnetic and an octahedral structure has been tentatively proposed for all the
new complexes. Catalytic activity of these complexes has been explored by means of a probe reaction of the
acetaldehyde with H,0,. The ligands and the complexes were screened for antimicrobial activity against four

organisms.
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In recent years there has been a great deal of in-
terest in synthesis and characterization of transition
metal complexes containing Schiff base as ligands, due
to their importance as catalyst for many reactions .
Furthermore, Schiff base complexes are important for
designing metal complexes related to synthetic and nat-
ural oxygen carriers”?. One interest in the study of com-
pounds containing sulphur and nitrogen arises from
their significant antifungal, antibacterial and anticancer
activity, also the nitrogen-sulphur donor ligands have
been of great interest to researchers Pl S-alkyl and S-
benzyl derivatives of dithiocarbazate has been synthe-
sized and investigated over the past few decades!*2.
Dithiocarbazic acid and the Schiff bases derived from
its S-alkyl and S-benzyl esters form an interesting series
of ligands. Researchers in this area have synthesized
new nitrogen-sulphur donor ligands through Schiff base
condensation with various aldehydes and ketones. The
properties of these ligands can be greatly modified by
introducing organic substituents. The number of this
type of compound synthesised continues to increase be-
cause of the intriguing observation that different ligands
show different biological properties, although they may
differ only slightly in their molecular structures ™~
Transition metal complexes of these ligands are also
widely studied because of their potential for therapeutic

[18]

use!™, in health and skin care products and in paint

manufacturing,

During the course of our systematic investigation
on the reactions of dithiocarbazic acid and the Schiff
bases derived from its S-alkyl and S-benzyl esters and
related ligands with ruthenium (Il complexes, we in-
tended to study the catalytic activity of the complexes
towards the oxidation of alcohol and the effect of extra
sulphur atom present in the ligand on antimicrobial
studies. With a view to obtaining the coordination be-
havior of NS and NNSS chromophores in bi- and tri-
dentate Schiff bases, we report in the present paper the
synthesis, characterization, electrochemistry, catalytic

and antimicrobial activities of ruthenium(Il) complexes.
1 Experimental

IR spectra were recorded using KBr pellets in

the 4000 ~400 cm ™ region on a Nexus FTIR spec-
trophotometer. Elemental analyses (C,H,N and S) were
carried out by using Carlo Erba 1 106 analyser. Metal
determination were carried out using a Perkin-Elmer
Plasma 1 000 Emission spectrometer. 'H-NMR spectra
were recorded on a Brucker 400 MHz spectrometer. The
UV-Visible spectra were recorded in CH,Cl, on Hi-
tachi-Elmer Model 20/200 spectrophotometer in the
range of 800~200 nm. EPR spectra of powder samples
at room temperature were recorded with model ER 200-
D Bruker spectrometer at X-band frequencies. Magnetic
susceptibilities were recorded on an G-PARC vibrating
sample magnetometer. Cyclic voltammetric studies were
carried out with a BAS CV-27 voltammeter in acetoni-
trile using a glassy-carbon electrode as working elec-
trode and the potentials were referenced to saturated
calomel electrode. Melting points were recorded on Mi-
cro heating table and are uncorrected.

All the reagents used were of A.R. grade. Solvents
were purified and dried according to standard proce-
dures ™. RuCl; -3H,0 was purchased from Sigma-
Aldrich and used without further purification. The
starting complexes, [RuCl; (PPh;);], [RuCl; (AsPhs);],
[RuBr;(AsPh;);] and [RuBr;(PPhs),(MeOH)] and ligands
(1 [S-benzyl-B-N-(methyl,acetyl)methylenedithiocarbaz-
ate] and 6 [Bis (S-benzyl-B-N-(methyl)methylenedithio-

carbazate]) were prepared by literature methods™ .

1.1 Preparartion of [RuX,(L')(EPh;),] (2~5) (X=
Cl or Br; L'=NS Schiff base ligand 1; E=P or
As)

All the preparations were carried out under
Schiff  bases
(0.021~0.029 g; 0.01 mmol) were added to a benzene
[RuX;(EPhs);] or [RuBr; (PPh;),(MeOH)]
(0.090~0.125 g; 0.01 mmol) in 1:1 molar ratio and the

mixtures were refluxed for 5 h. The dark green solu-

strictly anhydrous conditions. The

solution of

tions obtained were concentrated to about 5 mL. The
complexes were precipitated by the addition of small
quantity of petroleum ether (60~80 °C). The complexes
were then filtered, washed with petroleum ether and
recrystallized from CH,Cly/petroleum ether (60~80 °C)
and dried under vacuum. lIts purity was checked by

TLC (Aluminium sheets 20x20 cm: silica gel 60 Fas;
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eluant: Petroleum ether/Chloroform: 3/1; R:0.53). sion method™!. The bacteria were cultured in nutrient

Yield: 86%~90%.

1.2 Preparartion of [RuX(LL’)(EPhy)] (7~10)(X=
Cl or Br; LL'=Schiff base ligand 6; E=P or
As)

All the preparations were carried out under
strictly Schiff  bases
(0.035~0.050 g; 0.01 mmol) were added to a benzene
solution of [RuX;(EPhs)s] or [RuBr;(PPhs),(MeOH)]
(0.090~0.125 g; 0.01 mmol) in 1:1 molar ratio and the

mixtures were refluxed for 5 h. The dark green solu-

anhydrous conditions. The

tions obtained were concentrated to about 5 ml. The
complexes were precipitated by the addition of small
quantity of petroleum ether (60~80 °C). The complexes
were then filtered, washed with petroleum ether and
recrystallized from CH,Cly/ petroleum ether (60~80 °C)
and dried under vacuum. Its purity was checked by
TLC (Aluminium sheets 20x20 ¢m: silica gel 60 Fas;
Petroleum ether/Chloroform: 3/1; R3:0.54).
Yield: 85%~88%.

1.3 Catalytic studies

The catalytic reaction was carried out in a 50 mL

eluant:

three-neck flask fitted a reflux condensor. An aqueous
solution of H,0, (10 mL; 0.10 mol) was pipetted out
and added into an aqueous solution of CH;CHO (5.70
mL; 0.05 mol). The resulting solution was heated to 60
°C, then powdered complex samples were added to
this solution. The mixture was heated for 3 h at the
same temperature and the reaction was monitored by
TLC at regular intervals. The reaction was stopped
after confirmed the formation of ethanoic acid and the
catalyst was separated by the filtration. A standard
NaOH solution was used to titrate the reactant solu-
tion. The formation rate of the ethanoic acid produced
[mmol « (g catalyst)™ +h™] was taken in order to assess
the catalytic activity.
1.4 Qualitative antimicrobial assay

Four pathogenic microbials were used to test the
antibacterial activity of the Schiff bases and its metal
complexes. They were (I) Salmonella aureus, (II)
Salmonella typhi, () Eenterobacteria feacalis and (IV)
Aeromonas hydrophilla. Antimicrobial activity of the

extracts was qualitatively determined by a disc diffu-

agar medium and used for the study. Bacterial cells
were swabbed on to nutrient agar medium in Petri
plates. The compounds to be tested were dissolved in
DMSO and soaked in filter paper discs (Whatmann
No. 4 of 6 mm diameter). These discs were placed on
the already seeded plates and incubated at 26 +1 °C
for 24 h. The zones of inhibition around the discs
were measured after 24 h. Streptomycin and Colistin

were used as positive controls.
2 Results and Discussion

2.1 [RuX,(L")(EPhj),] (2~5); [RuX(LL")(EPh;)]
(7~10) (X=Cl or Br; L'=Schiff base 1; LL'=
Schiff base 6; E=P or As)

Physico-chemical data and yield for this com-
pounds are given in Table 1. This Schiff base can ex-
hibit thione and thiol tautomerism, since it has a
thioamide function, -NH-C(=S)SCH,C¢Hs.

IR and UV-Visible spectral data of the ligands
and ruthenium(l) complexes are given in Table 2. The
IR spectrum of the ligands (1 and 6) does not exhibit
any v(S-H) band at ca. 2700 em™, but displays the
Vv(N-H) band at ca. 3230 and 3 170 ¢cm™, respective-
ly, indicating that, in the solid state, it remains as the
thione form (la and 6a). '"H-NMR spectrum does not
show any peaks at ca. § 4.0 ppm attributable to S-H
proton, suggesting that the thiol forms are absent, even
in solution. However, in solution, in the presence of
ruthenium ion, it quickly changes to the thiol forms (1b
and 6b) with concomitant formation of the ruthenium(Ill)
complexes of the deprotonated thiolate form of the lig-
ands. The azomethine v(C=N) bands of the ligands (NS
and NNSS type) around 1 610 and 1 620 cm™, respec-
tively, shift to lower region in the spectra of all the
complexes (Table 2), showing the coordination of the
azomethine nitrogens to the metal . The absence of
v(N-H) at 3 230 and 3 170 ¢cm™ and v(C=S) at 1030
and 1070 cm™ in the IR spectrum of the metal com-
plexes, suggests that these ligands lose one and two
protons upon complexation, thus acting as a uninega-
tive bidentate ligand (NS) and binegative quadriden-
tate ligand (NNSS), respectively. The v(C=0) band of
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Table 1 Physico-chemical data of ligands and ruthenium( complexes
Analysis:Found (cacld.) / %
Complex Colour M.P./C Yield M / B.M.
H N S
(CHLONS)(1) Yellow 1349 90 54.56(54.11)  5.64(5.30)  10.79(10.52) 24.10(24.05) —
[RuCl(CH:ONS)(PPhsl2)  Green 1744 87  59.88(59.92) 4.78(451)  2.58291)  6.70(6.66) 1.88
[RuCL(C,HONS)(AsPh,),J3)  Green  167.2 88 54.73(54.90)  420@.13)  2.602.67)  6.05(6.10) 1.88
[RuBrACoH ONS)(AsPhy),)4)  Green 1732 86 50.30(50.61)  3.703.81)  274(2.46)  5.81(5.62) 1.92
[RuBrColONS)(PPhy))5)  Green  162.9 90  54.80(54.85) 450(4.13)  2.802.67)  6.12(6.09) 1.90
(CoHxN.S)(6) Yellow  220.1 94 5329(53.79)  4.90(4.97)  12.61(12.55) 28.89(28.69) —
[RuCl(CxHxN.S)(PPhy)](7) Green  161.7 88 62.76(62.22) 447(481)  7.48(7.64)  17.30(17.47) 1.93
[RuCl(CHyN.S)(AsPhy)|(8) Green 1534 85  51.26(5143) 4.02(398)  6.50(6.32)  14.45(14.43) 1.90
[RuBr(CxHxN.S,)(AsPhs)|(9) Green  162.5 85  48.7048.97)  3.87(3.79)  642(6.01)  13.90(13.75) 1.92
[RuBr(CxHN,S,)(PPhy)|(10) Green  183.0 87  5121(51.40) 4.08(3.98)  6.56(6.31)  14.50(14.43) 1.90
Table 2 IR and Electronic spectral data of ligands and ruthenium(III) complexes
Complex v(C=0) / em™ v(C=N) / em™ v(N-H) / em™ v(C=S) / ecm™ v(Ru-Cl/Br) / cm™ A / nm
1 1676 s 1610 vs 3231 s 1030 s - —
2 1672 s 1595 vs — — 321 550,321
3 1674 s 1590 vs — — 320 540,322
4 1674 s 1595 vs — — 319 545,325
5 1675 s 1590 vs — — 320 530,330
6 — 1620 vs 3170 s 1070 s — —
7 — 1600 vs — — 320 559, 308
8 — 1600 vs — 320 549,302
9 — 1595 vs — — 320 555,323
10 — 1600 vs — — 555, 323 535,312

s:strong; vs:very strong
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the Schiff base (NS) remains unaffected indicating that
coordination does not occur through the keto oxygen.
This is further supported by the absence of v(Ru-0) in
the spectrum of complexes suggesting that the keto
oxygen does not participate in coordination. For all
the complexes, v(Ru-Cl/Br) absorption has been ob-
served around~320 cm™. All the other characteristic
bands due to triphenylphosphine/arsine and ligands
were also presented in the expected region. It is
therefore apparent that the Schiff bases coordinate in
a uninegatively (1) and binegatively (6) charged rather
than an ONS tridentate manner.

The electronic spectra of all the complexes
(Table 2) in dichloromethane showed two bands in the
550~321 (2~5) and 559~302 nm (7~10) region. The
bands around 550~530 and 559 ~535 nm region, re-
spectively, have been assigned to *T5,—*T), transitions.
The other high intensity bands in the 321 ~330 and
323~302 nm region have been assigned charge transfer
bands on the basis of high extinction coefficient value
(6=10450~17 590 and 12 450~18 590 dm*+mol™"-cm™).
The nature of the electronic spectra of all the com-
plexes indicate an octahedral geometry around ruthe-
nium ion in the complexes and the spectra are very
similar to the ones observed for other ruthenium (Il
complexes . All the ruthenium (I) complexes are
paramagnetic, indicating the presence of ruthenium in

the +3 oxidation state.

The magnetic moment values obtained lie in the
1.88 to 1.92 B.M. (2~5) and 1.90 to 1.93 B.M. (7~10)
range, corresponds to one unpaired electron, suggest-
ing a low spin %, confugration for the ruthenium (I}
ion in octahedral environment.

The redox potentials of the complexes are char-
acterized by well-defined waves in the 0.43 to 0.66 V
range (oxidation) and -0.57 to —0.67 V (reduction)
(2~5) and 0.58 to 0.65 V range (oxidation) and —0.56
to -0.64 V

calomel electrode (SCE). The electrochemical data are

(reduction) (7 ~10) versus a saturated

given in Table 3. All the complexes showed a re-
versible redox (Ru"-Ru™ and Ru"-Ru") wave with a
peak to peak separation (Ep) ranging from 60~100 mV
and from 80~100 mV, respectively, indicating a single
step one-electron transfer process. Fast electron trans-
fers are expected for low-spin six-coordinate rutheni-
um(l) complexes, since electron can be added to or
removed from ¢,, orbitals. These orbitals are sterically
more accessible than the e, orbitals, and electron
changes within the ¢, set require less reorganisation
energy than changes within e, orbitals. There appears
to be little variation in the redox potentials due to the
substitution of triphenylphosphine by triphenylarsine
in the complexes. Hence, it has been observed from
the electrochemical data, that the present ligand sys-
tem is ideally suited for stabilizing the +3 oxidation

state of the ruthenium®".

Table 3 Cyclic voltammetric data® of ruthenium(III) complexes

Ru(V)-Ru(m)

Ru(Il-Ru(ID)

Complex
A E.lV E IV AE, / mV EolV WAY E/V AE, / mV
2 0.66 0.58 0.62 80 -0.52 -0.62 -0.57 100
3 0.46 0.39 0.43 70 -0.65 -0.59 -0.62 60
4 0.56 0.63 0.60 70 -0.63 -0.70 -0.67 70
5 0.70 0.62 0.66 80 -0.58 -0.67 -0.63 90
7 0.69 0.60 0.65 90 -0.52 -0.60 -0.56 80
8 0.68 0.60 0.64 80 -0.60 -0.68 -0.64 80
9 0.67 0.58 0.64 90 -0.66 -0.58 -0.62 80
10 0.63 0.53 0.58 100 -0.53 -0.61 -0.57 80

“Supporting electrolyte: [NBu,|C10, (0.05 mol-L™); Concentration of the complexes: 0.01 mol-L™; Scan rate: 50 mV +s™; all the potentials

are referred to silver-silver chloride electrode; E=0.5 (E, +E,) where, E,, and E,. are the aniodic and cathodic potentials, respectively.

EPR spectra of the complexes exhibit a g, value
at ca. 2.20~2.36 and g, at ca. 2.09~2.17 (2~5) and

ca. 2.20~2.30 and ca. 2.10~2.17 (7~10), respectively,
(Table 4). The two different g values (g.=g,7#g) indi-
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cate a tetragonal distortion in octahedral complexes.
The presence of two g values also indicates an axial
symmetry for these complexes. Though a structure with
cis-Cl/Br and PPhy/AsPh; ligands is possible for new
complexes, we tentatively assigned a trans structure,
because it will have less strain in accommodating the
[26]

tetradentate ligand around the ruthenium ion

Table 4 EPR spectral data® of ruthenium(l) complexes

Complex g g g <g>*
2 2.36 2.36 2.17 2.30

3 2.24 2.24 2.09 2.26

4 2.27 2.27 2.15. 2.23

5 2.20 2.20 2.12 2.17

7 2.30 2.30 2.17 2.26

8 2.27 2.27 2.15 2.23

9 2.24 2.24 2.10 2.19

10 2.20 2.20 2.12 2.17

<g>*=\/ (g+g+g> /3
Based on the analytical, spectroscopic data (IR,
UV-Visible and EPR) and electrochemical data, an
octahedral structure as shown in the following figures

has been proposed for all ruthenium(Il)) complexes.
EPh, EPh,

N N
/ L

—~

Ru Ru

/
N

S
S

X

EPh, X
(a) (b)
(E=P or As; X=Cl or Br)
Structures of ruthenium(l) Schiff base complexes
(a) 2~5 and (b) 7~10.
2.2 Catalytic activity
In order to investigate the oxidative catalytic ac-
tivity of the complexes (3) and (7), we carried out the
oxidation of acetaldehyde by H,0, using complexes (3)
and (7) as the catalysts. Under the same experimental
conditions, complexes (3) and (7) has the catalytic ac-
tivity of 72.0 and 72.1 mmol ethanoic acid/g catalyst/
h, respectively, while Ni,Al-COs, i.e. the clay catalyst
Nig7Algz (OH),-0.15C0O;-0.86H,0, has an activity of

8.0 ). The catalytic activity shows an increase of
(3) and (7)) over
Ni,Al-CO;. In the absence of the complexes, there is

around 9 times for complexes

no change in the formation rate of the ethanoic acid
indicating the catalytic activity of the new complexes.
The catalytic selectivity for ethanoic acid was nearly
100%. This suggests that these ruthenium(ll) complex-
es may become a highly active oxidation catalyst in
organic synthesis.
2.3 Quantitative antimicrobial assay

The in vitro antibacterial screening of the ligands
and their ruthenium () complexes have been tested
and the results are shown in Table 5. Among the
complexes and ligands tested, the ligand. (H,-NNSS
Schiff base) and their appropriate complexes have
been found to be more toxic against all the four
species of bacteria than the other ligand (NS Schiff
base) and its appropriate complexes under similar
conditions. The increased activity of these compounds
may be possibly due to the presence of extra sulphur

s®¥ Tt has been observed from the antibacterial

atom
screening studies that the ruthenium chelates have
higher activity than the corresponding free ligands a-
gainst the same microorganism under identical experi-
mental conditions, which is consistent with earlier re-

portst)

. The possible mode of increased activity of the
ruthenium complexes compared to that of the free lig-
ands may be due to the chelation, it reduces the po-
larity of the central ion mainly because of the partial
sharing of its positive charge with the donor groups
and possible 7-electron delocalisation within the whole
chelate ring. This chelation increases the liophilic na-
ture of the central atom which favours its permeation
through lipid layers of the cell membrane® . Further-
more, the mode of action of the compounds may in-
volve the hydrogen bond through >C =N group with
active centers of cell constituents resulting in the in-
terference with normal cell process *. Though the
complexes possess activity, it could not reach the ef-
fectiveness of the standard drugs. Few compounds
were inactive against different organisms, the variation
in the effectiveness of different compounds against

different organisms depends either on the imperme-
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Table 5 Antibacterial activity data of ligands and ruthenium(III) complexes
Compound Diameter of inhibition zone / mm
S. aureus S. typhi E. feacalis A. hydrophilla

Streptomycin sulphate 18 16 19 22
Colistin 17 23 16 20

1 9 8 7 10

2 11 10 11 13

3 11 — 11 14

4 10 10 12 12

5 13 12 11 13

6 11 10 10 11

7 13 14 14 _

8 14 14 12 13

9 14 13 13 -

ability of the cells of the microbes or differences in

ribosomes of microbial cells™.
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