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Abstract
A new ruthenium(III) complex of molecular formula [Ru(PPh3)Cl2(L)] (1) has been synthesized using the Schiff base 
ligand obtained from 5-chlorosalicylaldehyde and N,N-dimethylethylenediamine and characterized by FT-IR, UV-Vis, 
cyclic voltammetry and single crystal X-ray structural analysis. The metal ion exhibits a slightly distorted octahedral en-
vironment where the chelating Schiff base ligand contributes with its NNO donor set. The coordination geometry around 
the Ru(III) ion is completed by a PPh3 ligand and two chloride anions, and the charge balance is assured by the phenoxo 
oxygen of the Schiff base. With the aim to analyse the energy related to the halogen bonding interactions in solid state, a 
theoretical study has been performed on complex 1, by using the MEP and NCl plot computational tools. Furthermore, 
complex 1 shows catecholase-like activity in conversion of the model substrate 3,5-di-tert-butylcatechol (3,5-DTBC) 
to the corresponding 3,5-di-tert-butylquinone (3,5-DTBQ) under aerobic condition. The parameters regarding the en-
zymatic kinetics have been evaluated from the Lineweaver-Burk plot using the Michaelis-Menten approach of enzyme 
catalysis. A significant high T.O.N value (2.346 × 103 h–1) indicates that complex 1 has a very good catalytic efficiency 
towards 3,5-DTBC.
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1. Introduction
In last decade, coordination chemistry of transition 

metal ions with Schiff bases has evolved as an an area of 
active research.1,2 Schiff bases affect electronic factors of 
the metal centres, stabilizing different oxidation states, ad-
dress the performance of complexes, which can acquire a 
variety of suitable properties like that to act as homogene-
ous and/or heterogeneous catalysts.3–6 Moreover, design of 
metal complexes having catalytic activity may be helpful to 
elucidate the mechanistic aspects of biochemically impor-
tant metalloenzyme reactions. In fact, structurally simpler 
and more robust metal complexes can mimic catalytic ox-
idation of 3,5-di-tert-butylcatechol to quinone, as well as 
hydrolytic reactions (catecholase and phosphatise activity, 
respectively).7 In the last decade a variety of ruthenium 
complexes, that provide great interest specially for their 
catalytic activity, has been developed.8–10

Ruthenium metal complexes may be also relevant as 
therapeutic agents and one of these has successfully en-
tered advanced clinical trials.11 In fact the energy barrier 
for the oxidation state change from Ru(III) to Ru(II) inside 
the cell is very low and due to the larger coordination num-
ber with respect to platinum-(II), ruthenium-(III/II) can 
form complexes with a number of elements having differ-
ent electronegativity as well as chemical hardness.11–14 Till 
date, there are plenty of reports on Ru(II/III) compounds 
with bidentate ligands but design of such complexes with 
somewhat more rigid, tridentate Schiff bases ligands are 
rarely found.15

Intermolecular interactions, in addition to their 
structural role, influence the physical and chemical prop-
erties of crystalline solids.16,17 The advancement of these 
features has been one of the priorities of crystal engineer-
ing, a budding interdisciplinary field of research in modern 
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chemistry with interest in the rational design of functional 
molecular solids.18 Even though hydrogen bonding and 
coordination bonds still remain at the forefront of crystal 
engineering strategies, Other interactions have received 
escalating interest over recent years, markedly, halogen 
bonds,19 non-classical hydrogen bonds,20 π–π interac-
tions,21 lp-π interactions22 nitroso···nitroso interactions23 
along with halogen···halogen contacts.20d–f Intermolecular 
interactions involving halogen substituents, mostly chlo-
rine, have been observed to favour crystal formation, pro-
viding a tool for crystal engineering study.24

Keeping this in mind, and taking into account that 
triphenylphosphine transition metal complexes are very 
good candidate for catalytic organic transformations, we 
report here the synthesis (Scheme 1) of a ruthenium(III) 
complex, [Ru(PPh3)Cl2(L)] (1), which was characterized 
by different spectroscopic techniques, cyclic voltammetry. 
The single crystal X-ray structural analysis revealed inter-
esting crystalline supra-molecular interactions. In addi-
tion, the complex has also been evaluated as model system 
for catecholase-like activity.

2. Experimental Section
2. 1. Materials

All starting chemicals and solvents used in this study 
were of reagent grade and was used as purchased without 
further purification. Tris(triphenylphosphine)rutheni-
um(II) dichloride [Ru(PPh3)3Cl2], 5-chlorosalicylalde-
hyde, 3,5-di-tert-butylcatechol (3,5-DTBC) and tetrabu-
tylammonium perchlorate (TBAP) were purchased from 
Sigma-Aldrich, USA and N,N-dimethylethylenediamine 
from Spectrochem. Spectroscopic grade methanol and di-
methyl sulfoxide (DMSO) were obtained from E-Merck, 
India.

2. 2. Physical Measurements
FT-IR spectrum of complex 1 was measured in 

the range 400–4000 cm–1 in solid KBr pellets by using a 
Perkin-Elmer SPECTRUM-2 FT-IR spectrophotometer. 
The UV-Vis spectra were recorded using a Perkin-Elmer 
Lambda-35 UV-Vis spectrophotometer in Tris-HCl buff-
er medium at 300K. Elemental analyses were performed 
with a Perkin-Elmer 2400 II elemental analyzer. Electro-
chemical experiment was carried out with three electrode 
configuration using a CH 660E cyclic voltammeter in Tris-
HCl buffer medium. Saturated calomel electrode (SCE) 
as reference, Pt wire-electrode as counter electrode and 
glassy carbon electrode as working electrode were used 
as three electrode system with tetrabutylammonium per-
chlorate (TBAP) as supporting electrolyte at a scan rate of 
50 mV sec–1. Electrochemical data were recorded under a 
dry nitrogen environment. Nitrogen gas was passed into 
the sample solution at a constant rate for 1 minute.

2. 3. Synthetic Procedures
2. 3. 1. Synthesis of Schiff Base Ligand (HL)

The Schiff base ligand was prepared by the standard 
procedure mentioned in the literature.25a–c 5-chlorosalicy-
laldehyde (0.783 g, 5 mmol) in methanol medium was care-
fully added to a methanolic solution of N,N-dimethylethyl-
enediamine (0.538 mL, 5 mmol). The colour of the solution 
turned light yellow and the reaction mixture was allowed 
to reflux for one hour and then cooled at room temperature 
(Scheme 1). The synthesized Schiff base ligand was used for 
complex preparation without further purification.

2. 3. 2. Synthesis of Complex [Ru(PPh3)Cl2(L)](1)

Solid [Ru(PPh3)3Cl2] (1.92 g, 2 mmol) was added 
to 30 mL methanolic solution of the Schiff base ligand (2 

Scheme 1. Synthesis of the Schiff base ligand (HL) and complex 1.
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mmol) followed by continuous stirring. After 6 hours of 
continuous reflux, shiny green coloured crystals were sep-
arated out (Scheme 1), collected by filtration, washed with 
diethyl ether and dried in vacuo. These crystals were used 
for the X-ray structural determination. Yield: 67% (0.256 g).

Anal. Calc. Ffor [C29H29Cl3N2OPRu]: C, 52.73; H, 
4.39; N, 4.24 %. Found: C, 52.65; H, 4.32; N, 4.18%.

IR (KBr cm–1) 3436 (b), 1631, 696 and 744 (s), 496, 
481 and 1530 (m). Electronic spectrum in Tris-HCl buff-
er medium, λ max (nm): 260 (π→π*), 360 (n→π*) and 683 
(d→d). ESI-MS: (m/z) [found (calcd)]: 661.0511 (659.93).

2. 4. Single Crystal X-ray Diffraction Study
Data collection of complex 1 was performed at the 

X-ray diffraction beamline (XRD1) of the Elettra Synchro-
tron of Trieste (Italy), with a Pilatus2M image plate detector. 
Complete dataset was collected at 100 K with a monochro-
matic wavelength of 0.700 Å with the rotating crystal meth-
od. The crystal was dipped in N-paratone and mounted on 
the goniometer head with a nylon loop. The diffraction data 
were indexed, integrated and scaled using XDS.26 The struc-
ture was solved by direct methods27 and successive Fourier 
analysis and the refinement was performed by the full-ma-
trix least-squares methods based on F2 implemented in 
SHELXL-2014.27 Anisotropic thermal motion was allowed 
for all non-hydrogen atoms, and H atoms, at calculated 
positions, were included in the final cycles of refinement. 
All calculations were done with the Wingxpackage Version 
2013.3,28 and the molecular graphics were prepared by us-
ing Cameron29 and DiamondVer 3.2k30 programs. Relevant 
crystallographic data and structure refinement parameters 
are summarized in Table T1 (Supplementary information).

2. 5. Theoretical Methods
The geometry of the complex included in this study 

was computed at the M06-2X-D/def2-TZVP level of theo-
ry using the crystallographic coordinates. We have used the 
GAUSSIAN-09 program31 was used for the calculations of 
the interaction energies and the molecular electrostatic po-
tential (MEP) surfaces (at the same level of theory). We have 
also used the Grimme’s dispersion32 correction being this 
adequate for the evaluation of noncovalent interactions. The 
NCI plot33 isosurfaces have been used to characterize non-
covalent interactions. These correspond to both favorable 
and unfavorable interactions, as differentiated by the sign of 
the second density Hessian eigen value and illustrated by the 
isosurface color. The color scheme is a red-yellow-green-blue 
scale, where red indicates ρ+

cut (repulsive) and blue for ρ−
cut 

(attractive). The Gaussian-09 M06-2X-D/def2-TZVP wave 
function has been used to generate the NCI plot.

2. 6. Catecholase Activity Study
The catecholase-like activity of complex 1 has been 

investigated under aerobic condition at room temperature 
by using 3,5-di-tert-butylcatechol (3,5DTBC) as model 

substrate. Since complex 1 and the substrate are highly sol-
uble in DMSO, the catalytic study was investigated in this 
particular solvent. The concentration of 3,5-DTBC was 100 
times greater than that of the complex 1. The process was 
followed spectrophotometrically at intervals of 10 mins. in 
the range of 200–600 nm, and a significant increase of the 
3,5-DTBQ concentration was observed by measuring its 
absorbance near 393 nm. For each set of catalytic reaction, 
initial rates were calculated and the rate versus concentra-
tion of substrate was determined according to the Michae-
lis–Menten approach of enzymatic kinetics in order to get 
a Lineweaver–Burk plot.34–36 This methodology allowed to 
determine the Km, Vmax and kcat values.

3. Results and Discussion
3. 1. Infrared Spectral Study

IR spectrum of complex 1 (Fig. S1) showed a me-
dium sharp band at 1631 cm–1, ascribed to the ν(C=N) 
stretching, indicating the coordination of the azomethine 
nitrogen to the ruthenium(III) centre.37–39 A broad band 
found at 3436 cm–1 is due to the N-H stretching frequen-
cy. Well resolved bands, which appeared at 696, 744 and 
1530 cm–1, are due to the stretching frequency of PPh3,40,41 
while Ru-N and Ru-O stretching frequencies appeared at 
496 and 581 cm–1, respectively.

3. 2. Electronic Spectral Study
The electronic spectrum of complex 1, recorded 

in Tris-HCl buffer medium, displayed three absorption 
bands in the UV-Vis region (Fig. S2). The high intensity 
band at 260 nm, is assigned to intra ligand π→π*transition 
of the imine in coordinated Schiff base, while the low in-
tensity band at 360 nm can be attributed to n→π* transition 
of the azomethine group. In addition, low energy band has 
been observed at 683 nm, which can be assigned to d→d 
transition. In order to confirm the stability of complex 1, 
the UV-Vis spectral study was carried out for three succes-
sive days with same concentration of 1 in same medium, 
but no distinct change in the spectrum was observed.

3. 3. Cyclic Voltammetric Study
The redox behaviour of complex 1 was studied by 

cyclic voltammetry by using a saturated calomel electrode 
(SCE) as reference. The ruthenium complex was found to be 
redox-active in the potential range from +2.0 to ‒2.0 V (Fig. 
S3), and the redox potential was examined by well-defined 
waves at 0.37 and 0.72 V for the oxidation, and at –0.64 
V for the reduction process. Of these, the peak at +0.37 V 
(vs. SCE) can be attributed to the Ru(III)/Ru(IV) oxidation, 
while that at +0.72 V can be assigned to the Schiff base oxi-
dation. The irreversible reduction peak at ‒0.86 V (vs. SCE) 
is associated to the Ru(III)/Ru(II) redox couple.
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3. 4. X-ray Crystal Structure Description
The complex crystallizes in the monoclinic system, 

space group P21/c. The molecular structure of the com-
plex is displayed in Fig. 1, while a packing diagram is 
shown in Fig. S5. (Supplementary information). All the 
relevant crystallographic data and structure refinement 
parameters for the complex reported are summarized in 
Table T1 (Supplementary information). A selection of 
bond distances and angles is collected in Table T2 (Sup-
plementary information). The asymmetric unit consists 
of one complete complex molecule which is built by the 
tridentate Schiff base ligand meridionally coordinated, 
the triphenylphosphine molecule and two chlorides mu-
tually located in trans position. The coordination geom-
etry of the complex can be better described as distort-
ed octahedral where the equatorial plane is formed by 
the donor atoms O1, N1, and N2 donors of the chelat-
ing Schiff base (forming a six- and five-member ring) 
along with the P donor of the phosphine moiety. The 
coordination bond lengths Ru-O1, Ru-N1 and Ru-N2 
of the chelating ligand are 1.9757(13), 2.0384(15) and 
2.2141(16) Å, respectively, where the Ru-N bond values 
differ due to the different hybridization of the N atoms 
(sp2 vs. sp3). Finally the coordination geometry is com-
pleted by the phosphine with Ru-P distance is of 2.4058 
(5) Å and two chlorides having comparable Ru-Cl bond 
length of 2.3485(5) and 2.3569(5) Å. Thus the +3 charge 
of the metal atom is satisfied by the chloride anions and 
the phenoxo oxygen (O1) of the Schiff base ligand. The 
distortion in the octahedron are well described by the 
bond angle values and the larger deviation from the ideal 
geometry is shown by the N2-Ru-P1 angle of 102.22(4)°, 
that appears induced by steric requirements. All the co-
ordination distances (Table T2, Supplementary informa-
tion) agree well with those reported for similar Ru(III) 
complexes.41–44

3. 5. Theoretical Study
The crystal packing of 1 shows the complexes associ-

ated in pair through a symmetry center where C–Cl bond 
of the aromatic ring points towards one chloride ligand 
of the symmetry related complex. This halogen-halogen 
like-interaction can be inferred taking into consideration 
the anisotropy of the charge density around the Cl atom. 
The theoretical study, using the MEP and NCI plot compu-
tational tools, is devoted to analyse the energy associated 
to this halogen interaction and to characterize it.

First the MEP surface of compound 1 was comput-
ed. It is worth mentioning that the more negative values 
of MEP are located at the chloro ligands (–45 kcal/mol). 
Since using the large scale given by the maximum and 
minimum MEP values the anisotropy around the chlo-

rine cannot be appreciated, so the MEP around this atom 
using a reduced scale is represented in Fig. 2. As a result, 
the σ-hole, of moderate energy (+5 kcal/mol), appears at 
the extension of the C–Cl bond, while the typical negative 

Fig. 1. ORTEP view of complex 1 with displacement ellipsoids 
drawn at 50% probability level (labels of C atoms not shown for 
clarity).

Fig. 2. MEP surface (isodensity = 0.002 a.u.) of compound 1. The 
values are selected points of the surface are indicated. Negative val-
ues are in red and positive in blue colour.

Fig. 3. Spin density plot of compound 1. Isodensity = 0.004 a.u.
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belt around the Cl atom is larger in absolute value than 
the σ-hole (–15 kcal/mol). So, the MEP analysis confirms 
that the Cl···Cl like-like interactions are electrostatically 
favoured. The spin density plot (Fig. 3) of compound 1 
was also computed in order to analyse the location of the 
unpaired electron that is located, as expected, at the Ru 
metal centre with some little delocalization onto the atoms 
directly bonded to it.

Fig. 4a shows a detail of the crystal packing of 1 with 
formation of the self-assembled dimer, where two sym-
metrically equivalent Cl···Cl interactions are established in 
addition to an antiparallel π–π interaction. This arrange-
ment also designates a double Cl···π interaction, being the 
Cl located over one C atom of the aromatic ring at a dis-
tance (3.63 Å)slightly longer than the sum of the Van der 
Waals radii (ΣrvdW = 3.45 Å). It should be mentioned that 
the Cl···Cl distance is also slightly longer (3.86 Å) that the 
sum of Van der Waals radii (ΣrvdW = 3.50 Å). Therefore, 
by using DFT calculations, the dimerization energy of the 
pair of complexes were computed in solid state, and it was 
found to be moderately strong (ΔE1 = –12.0 kcal/mol) 
and accounts for the π–π, Cl···Cl halogen and other long 
range Van der Waals interactions (Fig. 4b). In an attempt 
to evaluate the contribution of the halogen bonding inter-
actions, an additional model was used where the chloro 
ligands have been replaced by two hydrides (indicated by 
small arrows in Fig. 4c). As a consequence, the reduced 
interaction energy (ΔE2 = –11.1 kcal/mol) determines the 
contribution of the π–π interaction and indicates that both 
the Cl···Cl interactions are very week (–0.9 kcal/mol), as 

expected taking into consideration the small MEP value 
observed at the σ-hole (Fig. 2). The “Non-Covalent Inter-
action (NCI) plot” was computed in order to characterize 
the interactions in the dimer of 1. The NCI plot is con-
sidered as an intuitive visualization index which enables 
the identification of non-covalent interactions easily and 
efficiently. In addition it is convenient for host–guest in-
teraction analysis since it clearly shows the interacting 
molecular regions. Fig. 4d shows the representation of the 
NCI plot, where the colour scheme is shown in red-yel-
low-green-blue scale: red means repulsive and blue stands 
for attractive interactions. Yellow and green surfaces cor-
respond to weak repulsive or weak attractive interactions, 
respectively. As noted, the halogen bonds are characterized 
by the presence of a small green isosurface that is located 
between the Cl atoms, confirming the existence of the in-
teraction. The NCI plot also shows the presence of a green 
and more extended isosurface between the π-systems of 
the ligands, indicating the existence of π-interactions that 
are also main contributor to the formation of the self-as-
sembled dimer. Finally, the analysis reveals that the green 
isosurface extends in between the pair of the Cl atom and 
the aromatic-system, thus unequivocally confirms the ex-
istence of the Cl···π interactions.

3. 6.  Oxidation of 3,5-di-tert-butylcatechol 
(Kinetics Studies)
The catalytic conversion of 3,5-DTBC to 3,5-DTBQ 

(Scheme 2) has already been investigated by a number of 

Fig. 4. (a) Detail of the crystal packing of 1. (b,c) Theoretical models used to evaluate the interaction energies. Distances in Å. (d) NCI surface of the 
assembly present in compound 1. The gradient cut-off is s = 0.35 a.u., and the color scale is −0.04 <ρ< 0.04 a.u.

a)

c)

b)

d)
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scientist as a model catalytic reaction by using a variety 
of mono-,45–60 di-,31,51–63 tri/tetra-,64–66 and poly-nucle-
ar metal complexes.67 3,5-DTBC is the most widely used 
model substrate in catalytic oxidation process due to its 
low redox potential value that favours the oxidation to 3,5-
DTBQ, which shows absorbance maximum at 400 nm in 
DMSO.

It is evident that due to bulky substituent groups, no 
further ring opening oxidation reaction can take place.68 
The exceptionally high stability of 3,5-DTBQ is indicative 
of a single reaction pathway and the formed benzoquinone 
does not undergo further oxidative cleavage.

However, before investigating a detailed catalytic 
study, it was important to verify the ability of complex 1 
to oxidise 3,5-DTBC. For this reason, a DMSO solution 1 
× 10–4 M of complex 1 was treated with 100 equivalents of 
3,5-DTBC following the reaction by UV-Vis spectroscopy 
over the first 160 mins. After addition of 3,5-DTBC to the 
solution of 1, the time dependent spectral scans display a 
smooth increase of the quinone band at 393 nm, indicat-
ing a significant catalytic activity of the complex as shown 
in Fig. 5. Thus the kinetics of the oxidation of 3,5-DTBC to 
3,5-DTBQ was investigated by the method of initial rates 
by monitoring the growth of quinone band at 393 nm as 
a function of time. A graph of the absorbance difference 
(ΔA) of 1 at 393 nm in presence of 3,5-DTBC was plotted 

against time to determine the rate/velocity for the catalyst 
to substrate concentration ratio (Fig. 6). The rate constant 
was determined from the slope of the plot log[Aα/(Aα-At)] 
vs. time (t) (where Aα and At are the absorbance at infinite 
and ‘t’ time, respectively). The obtained straight line (Fig. 
7) passes through the origin with a slope of 5.28 × 10–3.

The rate constant vs. substrate concentration plot was 
well explained on the basis of Michaelis–Menten approach 
of enzymatic kinetics and its graphical representation was 
done in the form of the Lineweaver–Burk plot allowed to 
determine the kinetic parameters. The Michaelis binding 
constant (KM), maximum velocity (Vmax), rate constant 
for the dissociation of the substrate (i.e., turnover number, 
kcat) for complex 1 were calculated from the Lineweaver–
Burk plot of 1/V vs. 1/[S] (Fig. 8) using the equation 1/V 
= {Km/Vmax}{1/[S]} + 1/ Vmax. For the complex, a first-or-
der catalytic reaction was detected at low concentration 
of the substrate 3,5-DTBC, while saturation kinetics was 
observed at higher concentration (shown in Fig. 8). At ex-

Scheme 2. Oxidation process of 3,5-DTBC to 3,5-DTBQ.

Fig. 5. Increase of the 3,5-DTBQ absorbance band at 393 nm after 
addition of 1 × 10–4 M DMSO solution of complex 1 to 100 equiva-
lents of 3,5-DTBC at various intervals from 10 to 160 mins. Inset 
shows the UV-Vis spectrum of 1 in DMSO at room temperature.

Fig. 6. Plot of absorbance difference (ΔA) vs. time to determine the 
initial rate of the catalytic oxidation of 3,5-DTBC by complex 1 in 
DMSO.

Fig. 7. Change in absorption maxima at 393 nm with time after in-
cremental addition of DMSO solution 1 × 10–4 M of complex 1 to 
100 equivalents of 3,5-DTBC.
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cess substrate condition, the Michaelis–Menten approach 
of enzymatic kinetics is the best appropriate method.46 

The kcat value was calculated by dividing Vmax value by the 
concentration of complex 1. The kinetic parameters for the 
catalytic oxidation of 3,5-DTBC mediated by complex 1 
were determined as follows: Vmax = 9.31 × 10–3 M min–1, 
KM = 1.805 M, T.O.N (Kcat) = 2.346 × 103 h–1, efficiency 
(Kcat/KM) = 21.66 M–1min–1. Manganese(II/III), nickel(II), 
copper(II), zinc(II) and cobalt(II/III) complexes have been 
used as prominent catalysts for catechol oxidation. Previ-
ous studied revealed that the oxidation occurs with cata-
lyst only and not with impurities.69 In Table 1 the kcat value 
of complex 1 in DMSO, of 2.346 × 103 h–1, is compared 
with that of related reported metal complexes. It is worth 

of note that complex 1 exhibits a moderate turnover num-
ber among the other Ru(III) metal complexes (Table T3, 
Supplementary information).

It can be concluded that the Ru(III) catalyst reported 
in this work appears an efficient synthetic complex for the 
catecholase reaction and can also be considered as a func-
tional model for this process.

4. Conclusion
The following are the salient observations and find-

ings of the present work:
(a)  At our knowledge this is the first Ru(III) complex 

structurally characterized of Ru(III) with the Schiff 
base ligand derived from 5-chlorosalicylaldehyde and 
N,N-dimethylethylenediamine (HL).

(b)  The complex [Ru(PPh3)Cl2(L)] was characterized by 
elemental analysis and available spectroscopic IR, UV-
Vis techniques, along with single crystal X-ray analysis.

(c)  The crystal packing of the present compound exhibits 
halogen bonding interactions in solid state. The ener-
gies associated to these interactions have been evalu-
ated using DFT calculations, and further corroborated 
with NCI plot index computational tool.

(d)  The complex shows promising catalytic activity in the 
conversion of 3,5-DTBC to 3,5-DTBQ, and its T.O.N 
value is significantly higher in comparison with other 
Ru complexes.
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Appendix A. Supplementary data
CCDC 1854395 contains the supplementary crystal-

lographic data for complex 1. These data can be obtained 
free of charge via http://www.ccdc.cam.ac.uk/conts/re-
trieving.html, or from the Cambridge Crystallographic 
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; 

Fig. 8. Plot of initial rate versus substrate concentration [3,5-DTBC] 
for the catalytic oxidation reaction by complex 1. The inset shows 
the Lineweaver -Burk plot.

Table 1. Representative examples of metal catalysts for catechol ox-
idase activity having comparable TON value to 1 along with their 
turnover numbers.

Complexes having comparable T.O.N value to 1.

Complexes T.O.N × 103 References
 (Kcat) (h–1)

  1. [Co(L)2(ClO4)3] 5.02 58 
  2. [Cu2(Sbal)2(H2O)2] 1.287 36 
  3. [Cu2(Sab4)2(H2O)2].0.5H2O 3.8 36 
  4. [Co(L)3]= C42H39N6O3S3Co 3.47 56 
  5. [Ni(L)2]= C28H26N4O2S2Ni 2.68 56 
  6. [Cu2(Ala5OMe)2] 2.580 63 
  7. [Cu2(Ala5Cl)2] 1.410 63
  8. [Cu2(Ala5Br)2] 1.80 63
  9.[Cu2(Val5Br)2(H2O)]·0.5H2O 2.760 63 
10. [Cu2(Leu5Br)2]·0.2H2O 3.960 63
11. Ni(L1)ClO4 8.0 55
12. Ni(L2)ClO4 2.7 55
13. [Ru(PPh3)Cl2(L)] 2.346 this paper
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Povzetek
Z uporabo Schiffove baze, pripravljene iz 5-klorosalicilaldehida in N,N-dimetiletilendiamina kot liganda smo sintetizira-
li nov rutenijev(III) kompleks z molekulsko formulo [Ru(PPh3)Cl2(L)] (1). Spojino smo karakterizirali z metodami FT-
IR, UV-Vis, ciklično voltametrijo in monokristalno rentgensko analizo. Okolica kovinskega iona je nekoliko popačen 
oktaeder kjer kelatni ligand prispeva donorski niz NNO. Koordinacija okoli rutenija je zaključena s PPh3 ligandom 
in dvema kloridnima anionoma, ki skupaj s fenokso kisikom Schiffove baze zagotovijo nevtralnost spojine. Z namen-
om preučevanja energije povezane z vezavo halogena smo opravili tudi teoretsko analizo kompleksa, pri čemer smo 
uporabili MEP in NCI metode. Kompleks 1 kaže aktivnost primerljivo s kateholazo v pretvorbi modelnega substrata 
3,5-di-tert-butilkatehola (3,5-DTBC) v ustrezni 3,5-di-tert-butilkinon (3,5-DTBQ) pod aerobnimi pogoji. Parametre 
encimatske kinetike smo določili iz Lineweaver-Burkovega diagrama z uporabo Michaelis-Mentenovega modela encim-
ske katalize. Visoka vrednost T.O.N (2.346 × 103 h–1) kaže na zelo dobro katalitsko delovanje kompleksa 1 pri pretvorbi 
3,5-DTBC.
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