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A B S T R A C T

The Schiff-base 5-methyl-4-{(pyridin-2-ylmethylene)amino}-4H-1,2,4-triazole-3-thiol (L-H) reacts in alcoholic
solution (methanol, ethanol, isopropanol) at room temperature with the dinuclear precursor [(η6-MeC6H4Pri)
RuCl2]2 to give a series of neutral complexes of the general formula (η6-MeC6H4Pri)Ru(L-OR) (R=Me, 1;
R=Et, 2; R=Pri, 3). In these complexes, the Schiff-base ligand coordinates to the arene ruthenium unit in a
S,N,N-tridentate fashion and concomitantly to the coordination process a nucleophilic addition of the alcohol
occurs on the imine carbon of L, thus forming the corresponding L-OR ligand. The molecular structure of 3,
solved by single-crystal X-ray analysis, shows a piano-stool arrangement with the p-cymene, the Sthiolato, the
Nimine and Npyridyl surrounding the chiral-at-metal ruthenium center and an OPri group attached to the imine
carbon. The insertion of an alkoxy group on the carbon atom reduces the imine function and also introduces
chirality on the ligand, thus generating a second chiral center and potentially diastereoisomeric complexes.
However, steric hindrance on the ligand forces the formation of only one pair of enantiomers.

1. Introduction

For decades, piano-stool complexes including a chelating ligand
have shown particular interest in organometallic chemistry. The
structural diversity characterizing these organometallic species allows
the development of a wide variety of complexes, different by the nature
of the aromatic ligand (benzene, toluene, p-cymene, bisphenyl, ethyl
benzoate, cyclopentadienyl, pentamethylcyclopentadienyl), the metal
ion (Ru, Os, Rh, Ir), as well as by the type of the chelating ligand:
polypyridines [1], salicylideneanilines [2], thiosemicarbazones [3],
pyrone derivatives [4], phenanthroimidazoles [5]. Among piano-stool
complexes with chelating ligands, those incorporating Schiff-bases are
of particular importance, because of the range of their physicochemical
properties and the extent of their fields of application [6]. Moreover,
these chelating ligands are often synthesized under mild reaction con-
ditions with high yields, by the direct condensation of aldehydes with
any kind of aliphatic or aromatic primary amines [7], thus providing
ligands with customized properties.

Schiff-bases offer multiple denticities and various type of co-
ordination sites (N, O, S), thus coordinating metal ions with high sta-
bility constants [8]. In addition, the presence of mixed donor atoms in
the Schiff-base gives rise to different or even opposite electronic effects

on the central metal ion: Hard donors (N, O) stabilize ions in high
oxidation states, while lower oxidation states can be stabilized by soft
donors (S, C=N). However, it should be noted that, despite their low
basicity and thus their high stability as organic ligands, some aromatic
Schiff-bases are likely to undergo, upon coordination with metal ions, a
reaction of hydrolysis, transforming them, partially or totally, into their
starting reagents [9]. Moreover, the catalytic effect of H+ and OH−, as
well as the role of the metal ion on the rate of hydrolysis of certain
aromatic Schiff-bases, has been previously studied [10].

In addition, several studies concerning the development, the struc-
tural characterization, and the catalytic activity of piano-stool com-
plexes including a bi- or multidentate Schiff-base ligand, N,O-; N,N-;
N,S-; N,O,O-; N,O,S-donor, can be found in the literature [11]. Appro-
priate steric and electronic properties have allowed the elaboration of a
wide range of stable, active and highly selective catalysts for organic
reactions (hydrogenation, cyclopropanation, metathesis reactions, ra-
dical reactions, enol ester synthesis, Diels-Alder reaction, preparation of
heterocycles from di-allylic compounds) [12]. In addition to their cat-
alytic, magnetic and optical properties, piano-stool complexes in-
corporating Schiff-bases are of increasing interest due to their pro-
mising antibacterial and antitumoral activity [13].

Among biologically relevant piano-stool complexes, those based on

https://doi.org/10.1016/j.ica.2018.07.025
Received 11 May 2018; Received in revised form 13 July 2018; Accepted 16 July 2018

⁎ Corresponding author.
E-mail address: bruno.therrien@unine.ch (B. Therrien).

Inorganica Chimica Acta 483 (2018) 93–97

Available online 17 July 2018
0020-1693/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00201693
https://www.elsevier.com/locate/ica
https://doi.org/10.1016/j.ica.2018.07.025
https://doi.org/10.1016/j.ica.2018.07.025
mailto:bruno.therrien@unine.ch
https://doi.org/10.1016/j.ica.2018.07.025
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ica.2018.07.025&domain=pdf


ruthenium appear to have excellent properties, with in particular their
anticancer activity, making them an alternative to cisplatin and its
derivatives [14]. Thus, it has been demonstrated that water-soluble
arene ruthenium Schiff-base complexes exhibited anticancer activity in
vitro and in vivo, with DNA as the main cellular target [15]. It was
further established that the cytotoxic activity of such complexes was
influenced, not only by the nature of the hydrophobic arene ligand but
also by the steric and electronic effect of the Schiff-base, whose a
substitution by monodentate ligands makes the complex inactive on
specific cell lines [16]. Furthermore, the presence of various hetero-
cyclic nuclei (triazole, imidazole, thiazole, thiadiazole) in the structure
of the Schiff-base has proven to have positive effects on the exaltation
of anticonvulsant, antimicrobial, analgesic, antioxidant, anti-in-
flammatory, antifungal and anticancer properties of the Schiff-base and
their corresponding metal complexes [17,18].

In order to promote the design of new organometallic compounds
with catalytic and therapeutic potential, the present work is devoted to
the synthesis and structural characterization of new arene ruthenium
complexes with tridentate pyridinic Schiff-base S,N,N-donor ligand,
containing a 1,2,4-triazole-3-thiol ring. Interestingly, a single-crystal X-
ray structure analysis reveals the insertion of an alkoxy group on the
carbon of the coordinated imine function, thus leading to the formation
of neutral arene ruthenium complexes after reduction of the imine
function. The alkoxylation reaction, concomitant with the complexa-
tion process, generates in the coordinated Schiff-base, an additional
asymmetric center, which led to an original series of chiral organo-
metallic complexes, whose enantiomers, once separated, could be used
in different fields, such as asymmetric organometallic catalysts or as
bioactive chiral molecules.

2. Results and discussion

The reaction at room temperature between 5-methyl-4-{(pyridin-2-
ylmethylene)amino}-4H-1,2,4-triazole-3-thiol (L-H) and the dinuclear
precursor [(η6-MeC6H4Pri)RuCl2]2 in alcoholic solution (methanol,
ethanol, isopropanol) gives a series of neutral complexes of the general
formula (η6-MeC6H4Pri)Ru(L-OR) (R=Me, 1; R=Et, 2; R=Pri, 3)
(see Scheme 1). During the formation of the (η6-MeC6H4Pri)Ru(L)
complex (not isolated), an alkoxylation occurs on the imine carbon of L,
thus generating L-OR derivatives.

The insertion of an alkoxy group on the imine carbon atom is evi-
denced by 1H and 13C NMR spectroscopy. The azomethine proton,
which is initially observed at 8.7 ppm in L-H [19], becomes sig-
nificantly upfield shifted and appears between 5 and 6 ppm in the
complexes (5.2 ppm in 1, 5.8 ppm in 2, 5.4 ppm in 3). A similar che-
mical shift is observed for the corresponding carbon atom, which shifts
from 164 ppm in L-H to around 100 ppm in complexes 1–3. The re-
duction of the imine and insertion of the alkoxy group generates an
asymmetric carbon atom on L-OR, and accordingly diastereotopic
protons are observed for the adjacent O-CH2 moiety in 2. Indeed, two
quadruplets integrating for one proton each are observed at 4.5 and
4.1 ppm respectively. The formation of L-OR and its coordination mode
to the arene ruthenium unit was confirmed by the single-crystal X-ray
structure analysis of complex 3.

The molecular structure of 3 shows a piano-stool arrangement with

the p-cymene ligand, the Sthiolato, the Nimine and Npyridyl surrounding the
chiral-at-metal ruthenium center. The geometrical parameters around
the ruthenium center are comparable to those observed in related arene
ruthenium complexes with N,S,N-tridentate ligands [20]. The co-
ordination of LOR in a tridentate fashion generates asymmetry on the
carbon atom (C6) located between the pyridyl ring and the Nimine, and
accordingly the nucleophilic attack of the alkoxy group can only
happen from the arene side, where it is less crowded.

As previously mentioned, the introduction of an alkoxy group on the
carbon atom reduces the imine function and generates chirality on the
L-OR ligand. In 3, the N-C distance is 1.471(3) Å, which is in ac-
cordance with a N-C single bond and confirm the reduction of N=C
bond. In addition, the angles around C6 are all comprised between
105.8(2) and 111.6(2)°, typical of a sp3-hybridized carbon atom. The
presence of two chiral centers can in principle generate diastereoi-
somers, however, only the RRuSC and SRuRC enantiomers are observed;
the SRuRC enantiomer being represented in Fig. 1.

The electrospray ionization mass spectra (methanol, positive mode)
of complexes 1–3 also confirm the formation of the proposed mono-
nuclear complexes. In all cases, a cationic peak corresponding to the
intact complexes with one additional proton is observed, [M+H]+ (see
Experimental section). The isotopic pattern of these cationic peaks
correlates exactly with the calculated theoretical isotopic distributions
of organometallic Ru species.

Introduction of the alkoxy group on the carbon atom of the imine
function appears during the coordination process, as no such reaction is
observed when L-H is dissolved in methanol or ethanol. However, at
present, the exact moment of the attack remains unsure, but one can
assume that the carbon atom of the imine function needs to be activated
before the nucleophilic attack takes place. Therefore, we proposed a
mechanism (Scheme 2) based on the assumption that the Schiff-base
ligand is first coordinated to the arene ruthenium unit in a S,N,N-tri-
dentate fashion.

Accordingly, upon coordination of the imine group to the ruthenium
atom, the electron density of the carbon atom is reduced, thus favoring
the nucleophilic attack. After formation of the C-OR bond, a H+ isScheme 1. Synthesis of the arene ruthenium complexes 1–3.

Fig. 1. Ortep drawing of 3, at 50% probability level ellipsoids. Selected bond
lengths (Å) and angles (°): Ru-S 2.3752(5), Ru-N1 2.093(2), Ru-N2 2.101(2),
N2-N3 1.435(2), N4-N5 1.394(3), N2-C6 1.471(3), O-C6 1.424(2), S-C7
1.723(2), O-C10 1.430(3), Ru-centroid 1.682; S-Ru-N1 84.08(5), S-Ru-N2
86.74(4), N1-Ru-N2 79.09(7), C6-O-C10 114.73(19), N3-N2-C6 108.81(15),
N2-C6-O 108.76(17), C5-C6-O 105.81(17).
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released, which generates a negative charge on the ligand. Then, the (L-
OR)2− ligand forms a neutral complex with the [(η6-MeC6H4Pri)Ru]2+

unit. These preliminary studies suggest that primary and secondary
alcohols can be introduced on L, while steric hindrance does not allow
the insertion of tertiary alcohols (no alkoxylation on L in tert-butanol).

The stability of complex 2 in D2O was determined over a period of
24 h. As illustrated in Fig. 2, rapid released of ethanol is observed,
which is confirmed by the disappearance of the two quadruplets at 4.4
and 4.1 ppm, and the emergence of a new quadruplet at 3.7 ppm, which
corresponds to free ethanol in D2O [21]. Interestingly, new signals of
the pyridyl protons are also observed during this stability experiment,
suggesting new species in which a pyridyl group is coordinated (signals
with similar chemical shifts to those observed for 2), and others in
which the nitrogen atom of the pyridyl group is not coordinated (new
signals at for example 8.2 ppm).

To gain further insights in the decomposition process, and possibly
in the overall mechanism, the D2O solution after the 24 h period was
analyzed by mass spectrometry under different conditions (positive and
negative modes, see the Supplementary Data). The aqueous solution
contains, among others, the following organic fragments, ethanol, 4-
amino-5-methyl-1,2,4-triazole-3-thiol, 2-pyridine-carboxamide, and 2-
pyridinecarboxaldehyde (Fig. 3). These organic fragments are the
starting materials for the synthesis of L-H and accordingly the decom-
position products of LOR. Therefore, we can assume that the formation
of the (η6-MeC6H4Pri)Ru(L-OR) complexes corresponds to the isolated
form of the first intermediate in the hydrolysis of Schiff-base ligands.

3. Conclusion

Reactions in alcoholic solutions between p-cymene ruthenium
complexes and the functionalized Schiff-base 5-methyl-4-{(pyridin-2-
ylmethylene)amino}-4H-1,2,4-triazole-3-thiol have showed an alkox-
ylation of the imine carbon atom of the Schiff-base by primary and
secondary alcohols. The insertion of the OR group reduces the imine
function, which overall diminishes the stability of the coordinated L-OR
ligand. Coordination of the Schiff-base in a S,N,N-tridentate fashion as
well as the alkoxylation generate two chiral centers in the complexes,

but only one pair of enantiomers. These new arene ruthenium com-
plexes are quite interesting in terms of reactivity, and further in-
vestigation will be needed to fully understand the alkoxylation me-
chanism, and to determine their potentials as catalysts and as
therapeutic agents.

4. Experimental section

4.1. Materials and methods

All chemicals were purchased from commercial sources and used as
received unless specified otherwise. The starting materials [(η6-
MeC6H4Pri)RuCl2]2 [22] and 5-methyl-4-{(pyridin-2-ylmethylene)
amino}-4H-1,2,4-triazole-3-thiol (L-H) [19] were prepared according to
published methods. The 1H and 13C{1H} NMR spectra were recorded on
a Bruker Avance II 400 spectrometer using the residual protonated
solvent as internal standard. Infrared spectra were recorded on a
Thermo Scientific iS5 ATR/FTIR spectrometer. Electrospray ionisation
mass spectra were obtained in positive ion mode on a Bruker FTMS
4.7 T BioAPEX II mass spectrometer, University of Fribourg (Switzer-
land). UV-visible absorption spectra were recorded in methanol on a
Perkin Elmer UV/Vis spectrophotometer at 10−5 M concentrations.

4.2. General synthesis of the complexes (η6-MeC6H4Pri)Ru(L-OR) (1–3)

The metal precursor [(η6-MeC6H4Pri)RuCl2]2 (50mg; 0.082mmol)
and 2 equivalents of L-H (36mg; 0.164mmol) were dissolved in dry
alcohol (methanol for 1, ethanol for 2 and isopropanol for 3) (15mL)
and stirred at room temperature for 6 h. After removing the solvent, the
precipitate was purified by column chromatography on silica gel, using
a mixture of methanol/ethyl acetate/hexane as eluent (1:6/3/3; 2:6/3/
1; 3:4/2/3), and the isolated solid was dried under vacuum.

1: Orange solid, Yield: 20 mg, 0.041mmol (50.3%). 1H NMR
(400MHz, MeOD) δ (ppm); 8.73 (d, 1H, J=5.2 Hz, CHpyr), 7.82 (t, 1H,
J=7.6 Hz, CHpyr), 7.51 (d, 1H, J=7.5 Hz, CHpyr), 7.39 (t, 1H,
J=6.4 Hz, CHpy), 5.67 (d, 1H, J=5.3 Hz, CHp-cym), 5.63 (d, 1H,
J=5.7 Hz, CHp-cym), 5.57 (d, 1H, J=5.7 Hz, CHp-cym), 5.49 (d, 1H,
J=5.7 Hz, CHp-cym), 5.20 (s, 1H, NCH), 3.84 (s, 3H, OCH3), 2.78 (sept,
1H, J=6.7 Hz, CH(CH3)2), 2.48 (s, 3H, CH3), 2.00 (s, 3H, CH3), 1.20

Scheme 2. Proposed mechanism for the insertion of an alkoxy group on the
imine carbon atom of L after coordination to ruthenium.

Fig. 2. Stability of complex 2 in D2O at room temperature over a period of 24 h.

Fig. 3. Organic fragments observed by ESI-MS from the aqueous solution of 2
(D2O, 24 h, room temperature).
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(d, 3H, J=6.7 Hz, CH(CH3)2), 1.09 (d, 3H, J=6.7 Hz, CH(CH3)2).
13C{1H} NMR (101MHz, MeOD) δ (ppm); 164.9 (S-C=N), 163.4
(OCHC), 154.1 (CHpyr), 147.4 (CC=N), 138.3 (CHpyr), 125.4 (CHpyr),
122.7 (CHpyr), 104.7 (CCH3), 104.6 (OCHC), 100.2 (CCH(CH3)2), 86.0
(CHp-cym), 85.0 (CHp-cym), 84.4 (CHp-cym), 55.0 (OCH3), 30.8 (CCH
(CH3)2), 22.5 (CCH(CH3)2), 20.0 (CCH(CH3)2), 16.8 (CCH3), 9.8
(CCH3). IR: ʋ (cm−1): 3350.1 (w, CHp-cym), 2966.4 (w, CH), 1415.1 (s,
C=C), 1281.2 (m, N-N), 1094.3 (s, C-O). UV–visible: (1.0× 10−5 M,
MeOH, 298 K): λmax 359 nm (ε=19000M−1·cm−1), 639 nm
(ε=4900M−1·cm−1). ESI-MS (MeOH): m/z=486.1 [M+H]+.

2: Dark green solid, Yield: 32mg, 0.064mmol (78.0%). 1H NMR
(400MHz, MeOD) δ (ppm); 8.90 (d, 1H, J=5.1Hz, CHpyr), 8.04 (t, 1H,
J=7.4Hz, CHpyr), 7.76 (d, 1H, J=7.1Hz, CHpyr), 7.63 (d, 1H,
J=6.2Hz, CHpyr), 5.93 (s, 2H, CHp-cym), 5.88 (s, 1H, CHp-cym), 5.78 (d,
2H, J=5.2Hz, CHp-cym, NCH), 4.53 (q, 1H, J=7.4Hz, OCH2CH3), 4.09
(q, 1H, J=7.4Hz, OCH2CH3), 2.83 (sept, 1H, J=7.0Hz, CH(CH3)2),
2.67 (s, 3H, CH3), 2.06 (s, 3H, CH3), 1.46 (t, 3H, J=7.0Hz, OCH2CH3),
1.25 (d, 3H, J=7.0Hz, CH(CH3)2), 1.12 (d, 3H, J=6.8Hz, CH(CH3)2).
13C{1H} NMR (101MHz, MeOD) δ (ppm); 165.1 (SC=N), 155.2
(CHpyr), 147.6 (CC=N), 146.8 (OCHC), 139.8 (CHpyr), 127.3 (CHpyr),
123.9 (CHpyr), 103.0 (CCH3), 101.4 (NCH), 86.0 (CHp-cym), 84.8 (CHp-

cym), 84.2 (OCHC), 67.7 (CH2CH3), 30.8 (CCH(CH3)2), 22.5 (CCH
(CH3)2), 19.7 (CCH(CH3)2), 16.5 (N=CCH3). 13.7 (CH2CH3), 13.8
(CCH3). IR: ʋ (cm−1): 3379.5 (w, CHp-cym), 2965.6 (w, CH), 1423.9 (s,
C=C), 1285.3 (m, N-N), 1095.4 (s, C-O). UV-visible: (1.0× 10−5M,
MeOH, 298 K): λmax 450 nm (ε=8900M−1·cm−1), 639 nm
(ε=5200M−1·cm−1). ESI-MS (MeOH): m/z=500.1 [M+H]+.

3: Brown solid, Yield: 28mg, 0.054mmol (66.6%). 1H NMR
(400MHz, MeOD) δ (ppm); 8.72 (d, 1H, J=5.0 Hz, CHpyr), 7.83 (t, 1H,
J=7.4 Hz, CHpyr), 7.48 (d, 1H, J=7.6 Hz, CHpyr), 7.39 (t, 1H,
J=6.1 Hz, CHpyr), 5.68 (d, 1H, J=5.4 Hz, CHp-cym), 5.63 (s, 2H, CHp-

cym) 5.50 (d, 1H, J=5.7 Hz, CHp-cym), 5.37 (s, 1H, NCH), 4.59–4.48 (m,
1H, CH(CH3)2), 2.87–2.69 (m, 1H, CH(CH3)2), 2.48 (s, 3H, CH3), 2.01
(s, 3H, CH3), 1.46 (d, 3H, J=5.9 Hz, CH(CH3)2), 1.37 (d, 3H,
J=5.7 Hz, CH(CH3)2), 1.20 (d, 3H, J=6.8 Hz, CH(CH3)2), 1.09 (d,
3H, J=6.7 Hz, CH(CH3)2). 13C{1H} NMR (101MHz, MeOD) δ (ppm);
164.9 (SC=N), 164.0 (CC=N), 154.1 (CHpyr), 147.4 (OCHC), 138.4
(CHpyr), 125.2 (CHpyr), 122.2 (CHpyr), 104.5 (CHpyr), 101.4 (NCH), 99.7
(CCH(CH3)2), 86.0 ((CCH3)p-cym), 85.4 (CHp-cym), 84.7 (CHp-cym), 84.2

(CHp-cym), 69.7 (OCH(CH3)2), 30.8 (CH(CH3)2), 22.7 (CH(CH3)2), 22.6
(CH(CH3)2), 21.3 (OCH(CH3)2), 20.0 (OCH(CH3)2), 16.8 (CH3), 9.6
(CH3). IR: ʋ (cm−1): 3064.8 (w, CHp-cym), 2961.3 (w, CH), 1417.5 (s,
C=C), 1277.7 (m, N-N), 1030.2 (s, C-O). UV–visible: (1.0× 10−5 M,
MeOH, 298 K): λmax 259 nm (ε=22,000M−1·cm−1), 652 nm
(ε=6300M−1·cm−1). ESI-MS (MeOH): m/z=514.1 [M+H]+.

4.3. X-ray diffraction analysis

Crystals of 3 were obtained by the slow diffusion of pentane in a
methanol solution of 3. A crystal of 3 was mounted on a Stoe Image
Plate Diffraction system equipped with a ϕ circle goniometer, using Mo-
Kα graphite monochromated radiation (λ=0.71073 Å) with ϕ range
0–200°. The structure was solved by direct methods using the program
SHELXS-97, while the refinement and all further calculations were
carried out using SHELXL-97 [23]. The H-atoms were included in cal-
culated positions and treated as riding atoms using the SHELXL default
parameters, while the non-H atoms were refined anisotropically using
weighted full-matrix least-square on F2. Crystallographic details are
summarized in Table 1. Fig. 1 was drawn with ORTEP [24].

CCDC-1840701 complex 3 contains the supplementary crystal-
lographic data for this paper. These data can be obtained free of charge
at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK;
fax: (internat) +44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].
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Mass spectrometry spectra (positive and negative mode) of the de-
composition products obtained from complex 2.
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online version, at https://doi.org/10.1016/j.ica.2018.07.025.

References

[1] (a) R. Lalrempuia, M.R. Kollipara, Polyhedron 22 (2003) 3155–3160;
(b) S. Sharma, M. Trivedi, M. Chandra, D.S. Pandey, Indian J. Chem. 43A (2004)
2573–2577.

[2] (a) K.S. Murray, A.M. Van den Bergen, B.O. West, Aust. J. Chem. 31 (1978)
203–207;
(b) R.K. Rath, G.N. Gowda, A.R. Chakravarty, J. Chem. Sci. 114 (2002) 461–472.

[3] (a) E.S. Antonarakis, A. Emadi, Cancer Chemother. Pharmacol. 66 (2010) 1–9;
(b) F. Beckford, J. Thessing, J. Woods, J. Didion, N. Gerasimchuk, A. Gonzalez-
Sarrias, N.P. Seeram, Metallomics 3 (2011) 491–502 1019 1029.

[4] (a) M. Hanif, H. Henke, S.M. Meier, S. Martic, M. Labib, W. Kandioller,
M.A. Jakupec, V.B. Arion, H.B. Kraatz, B.K. Keppler, C.G. Hartinger, Inorg. Chem.
49 (2010) 7953–7963;
(b) W. Kandioller, A. Kurzwernhart, M. Hanif, S.M. Meier, H. Henke, B.K. Keppler,
C.G. Hartinger, J. Organomet. Chem. 696 (2011) 999–1010.

[5] Q. Wu, C. Fan, T. Chen, C. Liu, W. Mei, Eur. J. Med. Chem. 63 (2013) 57–63.
[6] (a) R.H. Holm, M.J. O'Connor, Prog. Inorg. Chem. 14 (1971) 241–401;

(b) J. Costamagna, J. Vargas, R. Latorre, A. Alvarado, G. Mena, Coord. Chem. Rev.
119 (1992) 67–88;
(c) J. Stubbe, W.A. Van Der Donk, Chem. Rev. 98 (1998) 705–762;
(d) S. Yamada, Coord. Chem. Rev. 190 (1999) 537–555;
(e) D.E. Fenton, Chem. Soc. Rev. 28 (1999) 159–168;
(f) L. Canali, D.C. Sherrington, Chem. Soc. Rev. 28 (1999) 85–93;
(g) S. Li, S. Chen, S. Lei, H. Ma, R. Yu, D. Liu, Corros. Sci. 41 (1999) 1273–1287;
(h) Y. Suzuki, H. Terao, T. Fujita, Bull. Chem. Soc. Jpn. 76 (2003) 1493–1517;
(i) A. Kilic, E. Tas, B. Deveci, I. Yilmaz, Polyhedron 26 (2007) 4009–4018;
(j) E. Tas, A. Kilic, N. Konak, I. Yilmaz, Polyhedron 27 (2008) 1024–1032;
(k) A.M. Yimer, T. Baraki, R.K. Upadhyay, M. Akhtar, Am. J. Appl. Chem. 2 (2014)
15–18.

[7] (a) M.N. Patel, C.B. Patel, R.P. Patel, J. Inorg. Nucl. Chem. 36 (1974) 3868–3870;
(b) P. Guerriero, S. Tamburini, P.A. Vigato, Coord. Chem. Rev. 139 (1995) 17–243;
(c) M. Hadj Youcef, T. Benabdallah, H. Reffas, Tenside Surf. Det. 51 (2014)
166–174;
(d) M.B. Lachachi, T. Benabdallah, P.M. Aguiar, M. Hadj Youcef, A.C. Whitwood,

Table 1
Crystallographic and structure refinement parameters of complex 3.

3

Chemical formula C22H29N5ORuS
Formula weight 512.63
Crystal system monoclinic
Space group P 21/n (no. 14)
Crystal color & shape orange block
Crystal size 0.21×0.20× 0.17
a (Å) 14.3899(8)
b (Å) 10.4287(4)
c (Å) 15.8989(8)
β (°) 101.480(4)
V (Å3) 2338.2(2)
Z 4
T (K) 293(2)
Dc (g.cm−3) 1.456
μ (mm−1) 0.782
Scan range (°) 1.74 < θ < 29.21
Unique reflections 6331
Reflections used [I > 2σ(I)] 4984
Rint 0.0540
Final R indices [I > 2σ(I)]* 0.0311, wR2 0.0678
R indices (all data) 0.0464, wR2 0.0718
Goodness-of-fit 0.984
Max, Min Δρ/e (Å−3) 0.515, −0.710

* Structures were refined on F02: wR2= [Σ[w(F02− Fc2)2]/Σw(F02)2]1/
2, where w−1= [Σ(F02)+ (aP)2+ bP] and P=[max(F02, 0)+ 2Fc2]/3.

W. Aboura et al. Inorganica Chimica Acta 483 (2018) 93–97

96

http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://deposit@ccdc.cam.ac.uk
https://doi.org/10.1016/j.ica.2018.07.025
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0005
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0010
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0010
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0015
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0015
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0020
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0025
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0030
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0030
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0035
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0035
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0035
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0040
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0040
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0045
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0050
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0055
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0055
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0060
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0065
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0070
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0075
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0080
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0085
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0090
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0095
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0100
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0100
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0105
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0110
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0115
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0115
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0120


J.M. Lynam, Dalton Trans. 14 (2015) (1928) 11919–11921.
[8] (a) G.B. Bagihalli, P.G. Avaji, S.A. Patil, P.S. Badami, Eur. J. Med. Chem. 43 (2008)

2639–2649;
(b) S. Priyarega, M.M. Tamizh, S.G. Babu, R. Karvembu, K. Natarajan, Indian. J.
chem. 51A (2012) 453–457.

[9] (a) E.H. Cordes, W.P. Jencks, J. Am. Chem. Soc. 85 (1963) 2843–2848;
(b) A.C. Dash, B. Dash, P.K. Mahapatra, M. Patra, J. Chem. Soc. Dalton Trans. 8
(1983) 1503–1509;
(c) F.A. Adam, M.T. IL-Haty, J. Indian Chem. Soc. 65 (1988) 37–39.

[10] (a) B. Sarkar, M.S. Ray, M.G.B. Drew, A. Figuerola, C. Diaz, A. Ghosh, Polyhedron
25 (2006) 3084–3094;
(b) P. Mukherjee, M.G.B. Drew, A. Ghosh, Eur. J. Inorg. Chem. 21 (2008)
3372–3381;
(c) D. Mandal, V. Bertolasi, J. Ribas-Ariño, G. Aromí, D. Ray, Inorg. Chem. 47
(2008) 3465–3467;
(d) M. Lashanizadegan, M. Sarkheil, J. Serb. Chem. Soc. 77 (2012) 1589–1597.

[11] (a) S. Dayan, N.K. Ozpozan, N. Özdemir, O. Dayan, J. Organomet. Chem. 770
(2014) 21–28;
(b) J.M. Gichumbi, H.B. Friedrich, B. Omondi, J. Organomet. Chem. 808 (2016)
87–96;
(c) W.G. Jia, H. Zhang, T. Zhang, S. Ling, Inorg. Chem. Commun. 66 (2016) 15–18;
(d) Z.J. Yao, K. Li, P. Li, W. Deng, J. Organomet. Chem. 846 (2017) 208–216.

[12] (a) B. De Clercq, F. Verpoort, J. Organomet. Chem. 672 (2003) 11–16;
(b) F. Ding, Y. Sun, S. Monsaert, R. Drozdzak, I. Dragutan, V. Dragutan,
F. Verpoort, Curr. Org. Synth. 5 (2008) 291–304;
(c) C. Janiak, A.C. Chamayou, A.R. Uddin, M. Uddin, K.S. Hagen, M. Enamulah,
Dalton Trans. 19 (2009) 3698–3709;
(d) M. Enamullah, A.R. Uddin, G. Hogarth, C. Janiak, Inorg. Chim. Acta. 387
(2012) 173–180.

[13] (a) C.S. Allardyce, P.J. Dyson, D.J. Ellis, S.L. Heath, Chem. Commun. 15 (2001)
1396–1397;
(b) G. Mühlgassner, C. Bartel, W.F. Schmid, M.A. Jakupec, V.B. Arion, J. Inorg.
Biochem. 116 (2012) 180–187;
(c) S.M. Meier, M. Hanif, W. Kandioller, B.K. Keppler, C.G. Hartinger, J. Inorg.
Biochem. 108 (2012) 91–95;
(d) R. Payne, P. Govender, B. Therrien, C.M. Clavel, P.J. Dyson, G.S. Smith, J.
Organomet. Chem. 729 (2013) 20–27;
(e) P. Govender, F. Edafe, B.C.E. Makhubela, P.J. Dyson, B. Therrien, G.S. Smith,
Inorg. Chim. Acta 409 (2014) 112–120;
(f) L.C. Sudding, R. Payne, P. Govender, F. Edafe, C.M. Clavel, P.J. Dyson,
B. Therrien, G.S. Smith, J. Organomet. Chem. 774 (2014) 79–85.

[14] (a) C.M. Che, J.S. Huang, Coord. Chem. Rev. 231 (2002) 151–164;
(b) M.J. Clarke, Coord. Chem. Rev. 232 (2002) 69–93;
(c) B.D.J. Ager, A.H. De Vries, J.G. De Vries, Platinum Met. Rev. 50 (2006) 54–63;
(d) P.C. Bruijnincx, P.J. Sadler, Curr. Opin. Chem. Biol. 12 (2008) 197–206;
(e) A. Levina, A. Mitra, P.A. Lay, Metallomics 1 (2009) 458–470;
(f) B. Therrien, J. Furrer, Adv. Chem. (2014) ID589686;
(g) S. Thota, D.A. Rodrigues, D.C. Crans, E.J. Barreiro, J. Med. Chem. (2018),
https://doi.org/10.1021/acs.jmedchem.7b01689.

[15] (a) R.E. Aird, J. Cummings, A.A. Ritchie, M. Muir, R.E. Morris, H. Chen, P.J. Sadler,
D.I. Jodrell, Br. J. Cancer 86 (2002) 1652–1657;
(b) A. Habtemariam, M. Melchart, R. Fernández, S. Parsons, I.D.H. Oswald,

A. Parkin, F.P.A. Fabbiani, J.E. Davidson, A. Dawson, R.E. Aird, D.I. Jodrell,
P.J. Sadler, J. Med. Chem. 49 (2006) 6858–6868.

[16] R.E. Morris, R.E. Aird, P. del Socorro Murdoch, H. Chen, J. Cummings, N.D. Hughes,
S. Parsons, A. Parkin, G. Boyd, D.I. Jodrell, P.J. Sadler, J. Med. Chem. 44 (2001)
3616–3621.

[17] (a) S.N. Pandeya, D. Sriram, G. Nath, E. De Clercq, Eur. J. Pharm. Sci. 9 (1999)
25–31;
(b) S. Rollas, N. Gulerman, H. Erdeniz, Farmaco 57 (2002) 171–174;
(c) B. Modzelewska-Banachiewicz, J. Banachiewicz, A. Chodkowska, E. Jagiello-
Wojtowicz, L. Mazur, Eur. J. Med. Chem. 39 (2004) 873–877;
(d) T.R. Bal, B. Anand, P. Yogeeswari, D. Sriram, Bioorg. Med. Chem. Lett. 15
(2005) 4451–4455;
(e) A. Foroumadi, S. Emami, A. Hassanzadeh, M. Rajaee, K. Sokhanvar,
M.H. Moshafi, A. Shafiee, Bioorg. Med. Chem. Lett. 15 (2005) 4488–4492;
(f) O. Bekircan, M. Küxük, B. Kahveci, S. Kolaylı, Arch. Pharm. 338 (2005)
365–372;
(g) S. Schenone, C. Brullo, O. Bruno, F. Bondavalli, A. Ranise, W. Filippelli,
B. Rinaldi, A. Capuano, G. Falcone, Bioorg. Med. Chem. 14 (2006) 1698–1705;
(h) S.M. Sondhi, M. Dinodia, A. Kumar, Bioorg. Med. Chem. 14 (2006) 4657–4663;
(i) H.M. Abdel-Rahman, M.A. Hussein, Arch. Pharm. 339 (2006) 378–387;
(j) O. Bekircan, B. Kahveci, O.B. Ozgumus, Chin. J. Chem. 25 (2007) 1871–1877;
(k) G. Turan-Zitouni, Z.A. Kaplancikli, A. Özdemir, P. Chevallet, H.B. Kandilci,
B. Gümüsel, Arch. Pharm. 340 (2007) 586–590;
(l) M. Mahdavi, T. Akbarzadeh, V. Sheibani, M. Abbasi, L. Firoozpour,
S.A. Tabatabai, A. Shafiee, A. Foroumadi, Iran. J. Pharm. Res. 9 (2010) 265–269;
(m) M. Chen, X.F. Wang, S.S. Wang, Y.X. Feng, F. Chen, C.L. Yang, J. Fluorine
Chem. 135 (2012) 323–329.

[18] (a) B.S. Holla, B. Veerendra, M.K. Shivananda, B. Poojary, Eur. J. Med. Chem. 38
(2003) 759–767;
(b) N. Demirbaş, A. Demirbaş, H. Bayrak, H. Bektaş, Ş.A. Karaoğlu, Turk. J. Chem.
34 (2010) 835–846;
(c) A.K. Wahi, A.K. Singh, A. Singh, Der Pharma Chem. 3 (2011) 146–154;
(d) C. Chandramouli, M.R. Shivanand, T.B. Nayanbhai, B. Bheemachari,
R.H. Udupi, J. Chem. Pharm. Res. 4 (2012) 1151–1159;
(e) S.U. Cicekli, T. Onkol, S. Ozgen, M.F. Sahin, Rev. Roum. Chim. 57 (2012)
187–195;
(f) H. Khanmohammadi, M. Erfantalab, G. Azimi, Spectrochim. Acta, Part A 105
(2013) 338–343;
(g) M.R. Aouad, M. Messali, N. Rezki, A.A.S. Ali, A. Lesimple, Acta Pharm. 65
(2015) 117–132;
(h) A. Grozav, O. Balacescu, L. Balacescu, T. Cheminel, I. Berinda-Neagoe,
B. Therrien, J. Med. Chem. 58 (2015) 8475–8490.

[19] K. Sing, Dharampal, V. Parkash, Phosphorus, sulfur, silicon 183 (2008) 2784–2794.
[20] (a) S. Takemoto, H. Kawamura, Y. Yamada, T. Okada, A. Ono, E. Yoshikawa,

Y. Mizobe, M. Hidai, Organometallics 21 (2002) 3897–3904;
(b) O. Prakash, K.N. Sharma, H. Joshi, P.L. Gupta, A.K. Singh, Dalton Trans. 42
(2013) 8736–8747.

[21] H.E. Gottlieb, V. Kotlyar, A. Nudelman, J. Org. Chem. 62 (1997) 7512–7515.
[22] M.A. Bennett, A.K. Smith, J. Chem. Soc., Dalton Trans. (1974) 233–240.
[23] G.M. Sheldrick, Acta Cryst., A 64 (2008) 112–122.
[24] L.J. Farrugia, J. Appl. Cryst. 30 (1997) 565.

W. Aboura et al. Inorganica Chimica Acta 483 (2018) 93–97

97

http://refhub.elsevier.com/S0020-1693(18)30735-7/h0120
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0125
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0125
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0130
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0130
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0135
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0140
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0140
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0145
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0150
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0150
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0155
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0155
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0160
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0160
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0165
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0170
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0170
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0175
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0175
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0180
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0185
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0190
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0195
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0195
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0200
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0200
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0205
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0205
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0210
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0210
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0215
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0215
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0220
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0220
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0225
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0225
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0230
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0230
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0235
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0235
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0240
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0245
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0250
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0255
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0260
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0265
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0265
https://doi.org/10.1021/acs.jmedchem.7b01689
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0275
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0275
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0280
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0280
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0280
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0285
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0285
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0285
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0290
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0290
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0295
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0300
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0300
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0305
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0305
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0310
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0310
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0315
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0315
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0320
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0320
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0325
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0330
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0335
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0340
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0340
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0345
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0345
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0350
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0350
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0355
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0355
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0360
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0360
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0365
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0370
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0370
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0375
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0375
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0380
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0380
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0385
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0385
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0390
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0390
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0395
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0400
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0400
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0405
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0405
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0410
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0415
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0420
http://refhub.elsevier.com/S0020-1693(18)30735-7/h0425

	Alkoxylation of the imine carbon atom of a Schiff-base ligand upon coordination to arene ruthenium
	Introduction
	Results and discussion
	Conclusion
	Experimental section
	Materials and methods
	General synthesis of the complexes (η6-MeC6H4Pri)Ru(L-OR) (1–3)
	X-ray diffraction analysis

	Acknowledgement
	Supplementary data
	References




