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Synthesis, Characterization of Ru(Il) Complexes of New Schiff Bases

K.P. BALASUBRAMANIAN* and V. V. Raju
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The synthesis and characterization of six hexacoordinated Ru(Il)
complexes of the type [RuC1(CO)(EPh;)(B)(L)] (E=P or As; B =PPh;,
AsPh; or pyridine; L = monobasic bidentate Schiff base anion) are reported.
IR, electronic, 'H NMR and *'P NMR spectral data are discussed. An
octahedral geometry has been tentatively proposed for all theses complexes.
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INTRODUCTION

The azomethines were used as anticaner'?, tuberculostically®*, antiinflammatory”,
antiviral®, anticatract’, fungicidal®, pesticidal®, bactericideal’, insecticidal'®, herbicidal"’
and growth regulating agents'* and also found a place in the technological fields
like automobile®, electroplating'®, photography', polymer technology'®, paints and
perfumes'’, textile and detergents' and environmental science'”.

The chemistry of organo metallic compounds of transition metals has long been
a subject of much interest due to growing applications in the field of catalysis®**'.
Ruthenium offers a wide range of oxidation states and the reactivity of the ruthenium
complexes depend on the stability and interconvertibility of these oxidation states,
which in turn depend on the nature of the ligand bound to the metal complexation
of ruthenium by ligands of different types has thus been of particular interest™>,

EXPERIMENTAL

The starting complexes [RuHCI(CO)(PPhs);]**, [RuHCI(CO)(AsPh;);]>,
[RuHCI(CO)(PPhs),(py)]*® and the ligands® were prepared according to the literature
procedures.

Preparation of new ruthenium(II) complexes: To a solution of [RuHCI(CO)
(PPhs;);], [RuHCI(CO)(AsPh;);], [RuHCI(CO)(PPhs).(py)] (0.1 g, 0.08-0.01 mmol)
in benzene (20 cm?) the respective ligands (0.03-0.08 g, 0.08-0.1 mmol) were added.
The resulting solution was concentrated to ca. 3 mL and the product was separated
by the addition of the small amount of light petroleum (60-80 °C). It was filtered
and recrystallized form CH,Cly/light petroleum (60-80 °C) and dried in vacuum
(yield = 70-85 %).

RESULTS AND DISCUSSION

Light and air stable ruthenium(II) complexes of the general formula [RuCI(CO)
(EPh3)(B)(L)] (E =P or As; L = monobasic bidentate anion) have been prepared by
reacting [RuHCI(CO)(PPhs);], [RuHCI(CO)(AsPh;);] and [RuHCI(CO) (PPh;)x(py)]
with the respective ligands in a 1:1 molar ratio in benzene.
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The analytical data obtained for these complexes (Table-1) agree well with the
proposed molecular formulae in all of the above reactions, the ligand behave as
mononegative bidentate ligands.

TABLE-1
ANALYTCIAL DATA OF NEW Ru(Il) COMPLEXES
Complex m.p. Yield (Found) Calculated (%)
) (%) C H N

[RuCI(CO)(PPh,),(L,)] 181 75 62.61 (64.73)  5.65 (4.93) 1.43 (1.49)
[RuCI(CO)(PPh,),(L,)] 176 85 62.82 (63.62)  5.60(5.17) 1.48 (1.53)
[RuCl(CO)(AsPh,),(L,)] 157 70 59.08 (57.14)  4.49 (3.43) 1.45 (1.30)
[RuCI(CO)(AsPh,),(L,)] 159 70 59.60 (56.51)  4.52 (4.53) 1.42 (1.31)

[RuCl(CO)(PPh,)(py)(L))] 172 80 68.46 (68.53)  5.70 (5.38) 4.43 (4.46)
[RuCIl(CO)(PPh,)(py)(L,)] 179 75 68.57 (68.67)  5.01 (5.07) 3.69 (3.59)

The IR spectra of the free ligands were compared with those of the new complexes
in order to confirm the coordination of thiazolidinones to the ruthenium metal. The
IR specutrum of the free ligands showed a band in the absorption due to v(C=N)
appears in the 1620-1600 cm™ region undergoes a negative shift by 5-25 cm™ in the
spectra of the complexes indicating the coordination of azomethine to the metal®.
A strong band which appeared in the spectra of the ligands around 1610 cm™ due to
v(C=0) completely dispperated and a new band was observed around 1570 cm™. In
all the carbonyl complexes the band due to terminal C=O group appeared 1944-
1900 cm™. In addition to the above, the characteristic bands due to PPh; or AsPh;
were also present in the expected region®.

All the complexes are diamagnetic indicating the presences of ruthenium in +2
oxidation state in all the complexes. In the electronic spectra of all the complexes
in CH,Cl, three to four bands are appeared in the region 640-250 nm. The bands in
the region 640-750 nm are assigned to the trasition 'A;,—"T), and the bands around
400-370 nm are due to ' A;,—’T», transition. The other bands in the region 320-250 nm
are probably due to charge transfer transitions (t,,—7*). The nature of the electronic
spectra are similar to those observed for other octahedral ruthenium(IT) complexes™.
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The ligand to metal bonding is further supported by '"H NMR spectra. All the
complexes showed signals in the 8.0-8.99 ppm range due to the phenyl protons,
ligand and PPhs/AsPh;*'. The azomethine proton signals in the complexes lie in the
8.0-8.65 ppm range. The peak due to the azomethine showed a high field shift
compared to the free ligand after complexation with the metal ion indicating coordi-
nation through the azo methane nitrogen atom>*’.

The *'P NMR spectra of three complexes were recorded in order to confirm the
presence of PPh; groups and to determine the geometry of the complexes appearance
of a single around 23.75-28.82 in the spectrum of complexes confirmed the presence
of magnetically equivalent phosphorous atoms suggesting that the two PPh; groups
are trans to each other™.

The in vitro antimicrobial screening of the ligands and their ruthenium complexes
have been carried out against Eschericha coli, Aeromonas hydrophila and Salmonella
typhi using a nutrient agar medium by disc diffusion method™. The results (Table-2)
showed the complexes exhibit moderate activity against Eschericha coli, Aeromonas
hydrophila and Salmonella typhi. The toxicity of ruthenium chelates increases on
increasing the concentration™. The increase in the antimicrobial 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 considered in light of Tweedys chelation
theory®®. Chelation considerable reduces the polarity of the metal ion because of
partial sharing of its positive charge with the donor groups and possible wt-electron
delocalization over the whole chelate ring. Such chelation could enhance the lipophilic
character of central metal atom, which subsequently favours its permeation through
the lipid layers of cell membrane. Furthermore, the mode of action of the compounds
may involve formation of a hydrogen bond through the azomethine (>C=N) group
with the active centers of cell constituents, resulting in interference the normal cell
process. Though the complexes possess activity they could not reach the effectiveness

TABLE-2
ANTIMICROBIAL ACTIVITY OF LIGANDS AND RUTH NEW COMPLEXES

Diameter of inhibition zones (mm)

Escherichia coli 12;;;’;?:5; Salmonella typhi
Ligand/complex 0.25% 0.50% 1.00% 0.25% 0.50% 1.00% 0.25% 0.50% 1.00%
HL, 10 12 13 9 10 12 8 10 11
[RuCI(CO)(PPh,),(L))] 12 14 16 11 14 17 10 12 15

[RuCIl(CO)(AsPh,),(L))] 11 13 15 10 11 13 10 12 14
[RuCl(CO)(py)(PPh,)(L)] 12 14 15 11 13 14 11 14 15
HL, 10 11 12 9 10 11 9 11 12
[RuCI(CO)(PPh,),(L )] 13 14 16 10 12 14 10 12 15
[RuCI(CO)(AsPh,),(L,)] 12 15 16 10 11 13 10 12 14
[RuCl(CO)(py)(PPh,)(L,)] 13 14 15 12 13 15 12 14 15
Streptomycin 22 23 28 21 27 29 29 21 25
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of the standard drug streptomycin. The variation in the effectiveness of the different
compounds against different organism depend either of impermeability of the cells
or the microbe of difference in ribosome of microbial cells.

Based on the analytical and spectral (IR electronic, 'H NMR and *'P NMR)
data, an octahedral structure has been tentatively proposed for all of the new
ruthenium(II) complexes (Fig. 1).
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Fig. 1. Tentative structure of new Ru(Il) Schiff base complexes
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