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Abstract

Ag+- assisted dechlorination of blue cis-trans-cis Ru(R-aai-R/)2Cl2 followed by the reaction with catecholes (H2CA) in presence of
Et3N gives a neutral mononuclear violet complex [Ru(R-aai-R/)2(CA)]. [R-aai-R/ = p-R-C6H4-N=N-C3H2-NN, abbreviated as N,N/

chelator where N(imidazole) and N(azo) represent N and N/, respectively; R = H (a), Me (b), Cl (c) and R/ = Me (4), Et (5), Bz(6)].
All the complexes exhibit strong intense MLCT transition in the visible region. Visible transition (580-595 nm) shows negative
solvatochromic effect. The cyclic voltammograms show two quasireversible to irreversible couples at positive to SCE and are due
to CA-/CA2- (1.2-1.35 V) and Ru(III)/Ru(II) (1.6-1.8 V) redox processes. Three couples negative to SCE are assigned to CA2- / CA3-

(-0.2 to –0.3 V) and azo reductions (-0.5 to –0.7, -0.8 to –0.9 V) of the chelated R-aai-R/.

Keywords: Ru(R-aai-R/)2Cl2, Synthesis, Spectral study, Solvatochromism and Electrochemistry

Introduction

The coordination chemistry of quinonoid systems are
important because of their existence in various redox
state (catechole (CQ)/semiquinone (SQ)/quinone (RQ)),
optoelectronic communication, biological model study,
DNA intercalation etc [( Francesco Caruso, Elena Monti,
et al., March 11, 2014 (Article), Benjamin J. Coe,
Madeleine Helliwell, et al., March 10, 2014; Daniel B.
Pardue, Jiajun Mei, et al., February 26, 2014; Atsushi
Kobayashi, Tadashi Ohba, et al., February 21, 2014 ). A
common feature of the metal-RQ chemistry is
delocalization of active electrons beween the metal and
the quinonoid ligand. Thus transition metals are good
candidates to stabilize different redox states of the
quinonoid system. This is mainly due to closer energy of
quinonoid based ligands to those of metal based d-
orbitals and recently much effort has been devoted to
the study of the electrochemical and spectroscopic

properties of ruthenium complexes. The presence of -
acidic co-ligands like CO, pyridines (R-Py), -diimines
(bpy, phen, tpy), PPh3, and 2-(arylazo) pyridines
efficiently control the energy of metal d levels. As a
result of this, the electron delocalization between
ruthenium and RQ is perturbed in the mixed ligand
complexes. Various approaches have been chosen to
establish the participation of metal, coligand and RQ
orbitals in the spectroscopic and redox states ( Anna
Rathgeb, Andreas Böhm, et al., 2014, ; Sarat Chandra
Patra, Thomas Weyhermüller, and Prasanta Ghosh,
2014, Stephan Sinn, Benjamin Schulze, et al., , Inorg.
Chem., 2014, Stephan Sinn, Benjamin Schulze,
Christian Friebe, Douglas G. Brown, Michael Jäger,
Joachim Kübel, Benjamin Dietzek, Curtis P.
Berlinguette,et al.,., 2014, 53 ). The modification has
been carried out by the synthesis of ruhenium-RQ
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system using electron donor/acceptor coligands; RQ
may be modified by putting substituents of different
electronic properties or by replacing one or both O-
donor centers by NH or S. Polyoxo carbon compounds
like 2,5-dihydroxy-1,4-benzoquinone (H2L) and other
derivatives like catechols are also good candidates to
synthesise metal-RQ series of complexes ( Robert
Staehle, Lianpeng Tong, Lei Wang, Lele Duan, Andreas
Fischer, Mårten S. G. Ahlquist, Licheng Sun, and Sven
Rau 2014, Amlan K. Pal, Samik Nag, Janaina G.
Ferreira, Victor Brochery, Giuseppina La Ganga,
Antonio Santoro, Scolastica Serroni, Sebastiano
Campagna, and Garry S. Hanan, 2014, Joaquín Alós,
Tamara Bolaño, Miguel A. Esteruelas, Montserrat
Oliván, Enrique Oñate, and Marta Valencia, , 2014,
Zahra Almodares, Stephanie J. Lucas, Benjamin D.
Crossley, Aida M. Basri, Christopher M. Pask, Andrew J.
Hebden, Roger M. Phillips, and Patrick C. McGowan,,
2014, ). Because of the presence of equivalent O,O-
donor centers on either side of the aromatic backbone of
L2- the isolation of monomeric complexes are difficult.
However, some mononuclear complexes are
summarized in the references 26 and 32-35. They are
all considered as candidates for a synthon of
supramolecular assemblies because of metal free
oxygen sites. The complexes of arylazoheterocycles
have been of special interest in the coordination
chemistry of ruthenium and osmium ( Katharine A.
Smart, Mary Grellier, Yannick Coppel, Laure Vendier,
Sax A. Mason, Silvia C. Capelli, Alberto Albinati, Virginia
Montiel-Palma, Miguel A. Muñoz-Hernández, and
Sylviane Sabo-Etienne , 2014, 53 (2), pp 1156, Sumit
Saha and Burjor Captain , 2014, , Melissa V. Werrett,
Sara Muzzioli, Phillip J. Wright, Antonio Palazzi, Paolo
Raiteri, Stefano Zacchini, Massimiliano Massi, and
Stefano Stagni 2014, Christi L. Whittington, Lukasz
Wojtas, and Randy W. Larsen, 2014, ). Pseudo-
octahedral dichloro-bis-chelated arylazoheterocycles of
ruthenium(II) can exist, in principle, in five isomeric
forms and out of them three isomers have structurally
been characterized ( Nathir A. F. Al-Rawashdeh,
Sayandev Chatterjee, Jeanette A. Krause, and William
B. Connick, , 2014, Rongwei Zhou, Baburam Sedai,
Gerald F. Manbeck, and Karen J. Brewer , 2013, Wei
Su, Quanquan Qian, Peiyuan Li, Xiaolin Lei, Qi Xiao,
Shan Huang, Chusheng Huang, and Jianguo Cui , 2013,
Michael R. Norris, Javier J. Concepcion, Christopher R.
K. Glasson, Zhen Fang, Alexander M. Lapides, Dennis
L. Ashford, Joseph L. Templeton, and Thomas J. Meyer,
2013, ). Ruthenium is a component of mixed-metal oxide
(MMO) anodes used for cathodic protection of
underground and submerged structures, and for
electrolytic cells for chemical processes such as
generating chlorine from salt water. The fluorescence of
some ruthenium complexes is quenched by oxygen,
which has led to their use as optode sensors for oxygen.
Ruthenium red, [(NH3)5Ru-O-Ru(NH3)4-O-Ru(NH3)5]6+, is
a biological stain used to stain polyanionic molecules
such as pectin and nucleic acids for light microscopy

and electron microscopy ( Wang Yuan, Yang Zheng-
Yin, (October 2005),) . The beta-decaying isotope 106 of
ruthenium is used in radiotherapy of eye tumors, mainly
malignant melanomas of the uvea. Ruthenium-centered
complexes are being researched for possible anticancer
properties. Compared with platinum complexes, those of
ruthenium show greater resistance to hydrolysis and
more selective action on tumors. NAMI-A and KP1019
are two drugs undergoing clinical evaluation against
metastatic tumors and colon cancers. Because of its
ability to harden platinum and palladium, ruthenium is
used in platinum and palladium alloys to make wear-
resistant electrical contacts. In this application, only thin
plated films are used to achieve the necessary wear-
resistance. Because of its lower cost and similar
properties compared to rhodium, the use as plating
material for electric contacts is one of the major
applications. The thin coatings are either applied by
electroplating or sputtering. Ruthenium dioxide and lead
and bismuth ruthenates are used in thick-film chip
resistors. These two electronic applications account for
50% of the ruthenium consumption. Only a few
ruthenium alloys are used other than those with other
platinum group metals. Ruthenium is often used in small
quantities in those alloys to improve some of their
properties. The beneficial effect on the corrosion
resistance of titanium alloys led to the development of a
special alloy containing 0.1% ruthenium. Ruthenium is
also used in some advanced high-temperature single-
crystal superalloys, with applications including the
turbine blades in jet engines. Several nickel based
superalloy compositions are described in the literature.
Among them are EPM-102 (with 3% Ru) and TMS-162
(with 6% Ru), as well as TMS-138 and TMS-174. both
containing 6% rhenium. Fountain pen nibs are frequently
tipped with alloys containing ruthenium. From 1944
onward, the famous Parker 51 fountain pen was fitted
with the "RU" nib, a 14K gold nib tipped with 96.2%
ruthenium and 3.8% iridium. A wide number of
ruthenium complexes containing heterocyclic
nitrogeneous molecules and related ligands have been
reported to date (Maiti Nilkamal, et. al, (2001); Pal
Chandan Kumar et al. (1996), Chakraborty Indranil, et al,
(2005), ) They are of considerable interest primarily due
to variable oxidation states, building blocks for
supramolecular assemblies, photo-physical properties,
directional electron and energy transfer, potential
anticancer property. Modification of heterocyclic ligands
may be carried out by incorporating new donor centers,
spectator groups, change of ring size and number of
Heteroatoms. They can significantly influence the
physical and chemical properties of the complex
molecules. Since the discovery of important redox,
photophysical and photochemical properties of
ruthenium complexes having 2,2-bipyridine (bipy) as
ligand, there has been continuous research activity in
the direction of developing newer ruthenium–bipyridine
systems with the perspective of interesting
physicochemical properties (Ghosh Pradip, Samanta
Subhas, et al.,(2013), Shivakumar Maya, Pramanik
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Kausikisankar, et al. , (2000) ; Pramanik Kausikisankar,
Shivakumar Maya, et al., (2000), Das Chayan, Saha
Amrita, et al., (2002), Shivakumar Maya, et. al.,  (1998)).
In this context different kinds of mixed ligand ruthenium–
bipyridine complexes have been synthesized and
studied over the last fifteen years [Rasmussen S. C.,
Thompson D. W., Singh V. and Petersen J. D., (1996
medical aspects), Krause Ronald A., Krause Kirsten,
1984 ]. The basic strategies behind all these activities
are either to incorporate different groups within the
bipyridine moiety itself or use other types of donor sites
like azoimine function along with the Ru(bipy)2 core to
form mixed-ligand tris-chelates to modulate the photo-
redox activities of this class of complexes [Santra B. K.,
Thakur G. A., Ghosh P., Pramanik A. and Lahiri G. K.,
Inorg. Chem., 1996]. The present work originates in
preparing new mixed-ligand ruthenium–arylazoimidazole
complexes of type [Ru(RaaiR)2L], where L is a ligand
which can form a four membered chelate ring on co-
ordination and in studying the redox and spectroscopic
properties of the Ru(RaaiR)2 core [Bag N., Lahiri G. K.,
Bhattacharya S., Falvello L. R. and Chakravorty A.,
Inorg. Chem., 1988,]. I have chosen pyridine-2-thiol and
pyridin-2-ol as ligand L. This work demonstrates
example of [Ru(RaaiR)2(X-Pyridine)] [RaaiR/ = p-R-
C6H4-N=N-C3H2-NN-1-R/, (1-6), abbreviated as N,N/-
chelator, where N(imidazole) and N(azo) represent N
and N/, respectively; R = H (a), Me (b), Cl (c) and R/ =
Me (1,4), CH2CH3 (2,5), Bz(3,6), X=S, 2-
mercaptopyridine(1-3), X=O, 2-hydroxy-pyridine(4-6)]
systems. Herein I report the synthesis of two complexes
having RuN5S and RuN5O chromophores, their
spectroscopic characterisation, electron-transfer
properties, preliminary photophysical aspects. The
stereoisomeric forms having cis-RuCl2 moiety in cis-
trans-cis–RuCl2{2-(arylazo)pyridine)}2 exhibit potential
antitumor activity even better than cisplatin. (The cis-
trans-cis refers to the coordination sequence of pairs of
Cl; N(heterocycle) and N(azo), respectively).  The cis-
RuCl2 fragment in these complexes may be substituted
by other donor centers either directly or Ag+- assisted
route to synthesise hetereoleptic tris-chelates. The
compounds having cis-MCl2 configuration have been
used to synthesise catecholato complexes. In
continuation of comprehensive studies on chemistry of
catecholato system in this article I describe some
ruthenium(II) 1-alkyl-2-(arylazo)imidazole complexes of
catecholates.

Experimental

RuCl3.nH2O was obtained from Arrora Matthey. 1-Alkyl-
2-(arylazo)imidazole  was synthesized by the reported
procedure. ctc–RuCl2(R-aai-R/)2 was prepared by a
known method. Microanalytical data (C, H, N) were
collected using a Perkin Elmer 2400 CHN instrument.
Solution electronic spectra were recorded on a JASCO
UV-VIS-NIR V-570 sprctrophotometer. Infrared (IR)
spectra were obtained using a JASCO 420
spectrophotometer (using KBr disks, 4000-200 cm-1).

The 1H NMR spectra in CDCl3 were obtained on a
Bruker 500 MHz FT NMR spectrometer using SiMe4 as
internal reference. Electrochemical work was carried out
using EG & G PARC Versastat computer controlled 250
electrochemical system. All experiments were performed
under a N2 atmosphere at 298K using a Pt-disk milli
working electrode at scan rate 50 mVs-1. All results were
referenced to a saturated calomel electrode (SCE).
Reported potentials are uncorrected for junction effect.

Synthesis of bis-{1-methyl-2-(p-
chlorophenylazo)imidazole} catecholato-
ruthenium(II) monohydrate

To a methanolic suspension of ctc-Ru(Cl-aai-Me)2Cl2
(0.6 g, 1.02 mmol), aqueous AgNO3 solution (0.347 g,
2.04 mmol) was added and refluxed for 15 min, the blue
solution changed to blue violet colour. AgCl so
precipitated was filtered off over a G4 crucible. This
solution was kept in N2-atmosphere. To a methanolic
solution of catechol (0. 213 g, 1.02 mmol) two drops of
NEt3 added and the colour changes from orange to pink.
This pink solution was then added to the above solution
and the resulting mixture was heated to reflux for 1h
under nitrogen. The blue-violet solution changed to
violet. The solution was then evaporated to half its
original volume by N2 bubbling, cooled to room
temperature, filtered and then washed thoroughly with
plenty of water, methanol and finally with diethyl ether
and dried in vacuo over P4O10. The dry mass was then
dissolved in minimum vol. of CH2Cl2 and subjected to
chromatography on a silica gel column (60-120 mesh). A
violet band was eluted with C7H9-CH3CN (1:1, v/v). This
was collected and evaporated slowly in air. The crystals
so obtained were dried over P4O10. The yield was 70%.
All other complexes were prepared similarly; yield, 65-
80%. Analysis for [Ru(H-aai-Me)2(CA)], 4a,
[C26H24N8RuO2], Calc(found): C, 53.74 (53.8), H, 4.2
(4.1), N, 19.36(19.30); IR (N=N) 1370 (C=N) 1590
(C=O) 1525,1360,1297, ES/MS, 581 [M+], Proton
n.m.r., 1H, ppm, 8.07(d, J = 8Hz, H(7,11)), 8.01(d,
J=6.5Hz, H(8,10)), 7.09(m, 9-H), 7.26(d, J=6Hz, H(4)),
7.34(d, J=5Hz, H(5)), 1.5(s, N-Me); 13C {1H}, ppm
,134.5(C2), 124(C4), 125(C5), 125.3(C7,11),
129.2(C8,10), 134(C6), 42 (Me Gr.); UV-Vis ( λ nm),
580, 370, 480, 300, 710(sh); Electrochemistry,
Ru(III)/Ru(II), 1.65 V, azo reductions -0.52, -0.83;
Analysis for [Ru(Me-aai-Me)2(CA)], 4b,  [C28H28N8RuO2],
Calc(found): C, 55.4 (55.8), H, 4.6(4.6), N, 18.36(18.30);
IR (N=N) 1379 (C=N) 1599 (C=O) 1525,1368,1297,
ES/MS, 609[M+], Proton n.m.r., 1H, ppm, 8.0(d, J = 8Hz,
H(7,11)), 8.1(d, J=6.5Hz, H(8,10)), 7.0(m, 9-H), 7.2(d,
J=6Hz, H(4)), 7.3(d, H(5)), 1.5(s, N-Me); 13C {1H}, ppm
,134.5(C2), 125(C5), 125.3(C7,11), 129.2(C8,10),
134(C6), 42 (Me Gr.); UV-Vis ( λ nm), 588, 370, 489,
309, 709(sh); Electrochemistry, Ru(III)/Ru(II), 1.69 V,
azo reductions -0.59, -0.89; Analysis for [Ru(Cl-aai-
Me)2(CA)], 4c,  [C26H22N8RuCl2O2], Calc(found): C,
47.74 (47.8), H, 3.2 (3.1), N, 17.36(17.30); IR (N=N)
1377 (C=N) 1594 (C=O) 1520,1360,1290, ES/MS,
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651 [M+], Proton n.m.r., 1H, ppm, 8.0(d, J = 8Hz,
H(7,11)), 8.1(d, J=6Hz, H(8,10)), 7.2(d, J=6Hz, H(4)),
7.34(d, H(5)), 1.5(s, N-Me); 13C {1H}, ppm ,134.5(C2),
125(C5), 125.3(C7,11), 129.2(C8,10), 134(C6), 42 (Me
Gr.); UV-Vis ( λ nm), 580, 379, 480, 303, 700(sh);
Electrochemistry, Ru(III)/Ru(II), 1.65 V, azo reductions
-0.62, -0.83;  Analysis for [Ru(H-aai-Et)2(CA)], 5a,
[C28H28N8RuO2], Calc(found): C, 55.4 (55.8), H,
4.6(4.6), N, 18.36(18.30); IR (N=N) 1379 (C=N)
1599 (C=O) 1525,1368,1297, ES/MS, 609[M+],
Proton n.m.r., 1H, ppm, 8.0(d, Analysis for [Ru(Me-aai-
Et)2(CA)], 5b,  [C30H32N8RuO2], Calc(found): C, 56.4
(56.8), H, 4.9(5.0), N, 17.6(17.3); IR (N=N) 1378
(C=N) 1599 (C=O) 1525,1368,1297, ES/MS,
637[M+], Proton n.m.r., 1H, ppm, 8.0(d, H(7,11)), 8.1(d,
J=6.5Hz, H(8,10)), 7.0(m, 9-H), 7.2(d, J=6Hz, H(4)),
7.3(d, H(5)), 1.5(s, N-Me); 13C {1H}, ppm ,134.5(C2),
125(C5), 125.3(C7,11), 129.2(C8,10), 134(C6), 42 (Me
Gr.);  UV-Vis ( λ nm), 588, 370, 489, 309, 709(sh);
Electrochemistry, Ru(III)/Ru(II), 1.69 V, azo reductions
-0.59, -0.89; H(7,11)), 8.1(d, J=6.5Hz, H(8,10)), 7.0(m,
9-H), 7.2(d, J=6Hz, H(4)), 7.3(d, H(5)), 1.5(s, N-Me);
13C {1H}, ppm ,134.5(C2), 125.3(C7,11), 129.2(C8,10),
134(C6);  UV-Vis ( λ nm), 588, 370, 489, 309, 709(sh);
Electrochemistry, Ru(III)/Ru(II), 1.69 V, azo reductions
-0.59, -0.89; Analysis for [Ru(Cl-aai-Et)2(CA)], 5c,
[C28H26N8RuClO2], Calc(found): C, 49.4 (49.8), H,
3.6(3.8), N, 16.6(16.30); IR (N=N) 1379 (C=N) 1599
(C=O) 1520,1368,1297, ES/MS, 679[M+], Proton
n.m.r., 1H, ppm, 8.0(d, J = 8Hz, H(7,11)), 8.1(d,
J=6.5Hz, H(8,10)), 7.2(d, J=6Hz, H(4)), 7.3(d, H(5)),
4.4,1.5(s, N-Et); 13C {1H}, ppm ,134.5(C2),
125.3(C7,11), 129.2(C8,10), 134(C6), 42,53(Et Gr.);
UV-Vis(λ nm),588, 370, 489, 309, 709(sh);
Electrochemistry, Ru(III)/Ru(II), 1.69 V, azo reductions
-0.59, -0.89; Analysis for [Ru(H-aai-Bz)2(CA)], 6a,
[C38H32N8RuO2], Calc(found): C, 62.4 (62.2), H,

4.6(4.4), N, 15.36(15.3); IR (N=N) 1370 (C=N) 1590
(C=O) 1525,1360,1290, ES/MS, 733[M+], Proton
n.m.r., 1H, ppm, 8.0(d, H(7,11)), 8.1(d, J=6.5Hz,
H(8,10)), 7.0(m, 9-H), 7.2(d, J=6Hz, H(4)), 7.3(d,
H(5)), 13C {1H}, ppm ,134.5(C2), 125(C5),
125.3(C7,11), 129.2(C8,10), 134(C6);  UV-Vis (λ nm),
580, 379, 489, 309, 704(sh); Electrochemistry,
Ru(III)/Ru(II), 1.59 V, azo reductions -0.57, -0.89;
Analysis for [Ru(Me-aai-Bz)2(CA)], 6b,
[C40H36N8RuO2], Calc(found): C, 63.1(63.1), H,
4.6(4.7), N, 14.6(14.7); IR (N=N) 1379 (C=N) 1599
(C=O) 1525,1368,1297, ES/MS, 761[M+], Proton
n.m.r., 1H, ppm, 8.0(d, H(7,11)), 8.1(d, J=6Hz,
H(8,10)), 7.2(d, J=6Hz, H(4)), 7.3(d, H(5)), 4.95(s, N-
Bz); 13C {1H}, ppm ,134.5(C2), 125(C5), 125.3(C7,11),
129.2(C8,10), 134(C6);  UV-Vis ( λ nm), 588, 377,
489, 309, 700(sh); Electrochemistry, Ru(III)/Ru(II),
1.69 V, azo reductions -0.53, -0.89; Analysis for
[Ru(Cl-aai-Bz)2(CA)], 6c,  [C38H30N8RuClO2],
Calc(found): C, 56.84 (56.8), H, 4.76(3.6), N,
13.6(13.90); IR (N=N) 1379, (C=N) 1599, (C=O)
1525,1368,1290, ES/MS, 803[M+], Proton n.m.r., 1H,
ppm, 8.0(d, H(7,11)), 8.1(d, J=6Hz, H(8,10)), 7.2(d,
J=6Hz, H(4)), 7.3(d, H(5)), 13C {1H}, ppm ,134.5(C2),
125(C5), 125.3(C7,11), 129.2(C8,10), 134(C6);  UV-
Vis ( λ nm), 588, 377, 480, 309, 709(sh);
Electrochemistry, Ru(III)/Ru(II), 1.69 V, azo reductions
-0.59, -0.80.

Results and Discussion

Silver+- assisted dechlorination of ctc-RuCl2(R-aai-R/)2
(1-3) in methanol has prepared a solvated species,
[Ru(R-aai-R/)2(MeOH)2]2+ at 70-80 C.  Addition of
catechol (H2CA) (one equivalent)

Ru

N

N

N'

N' O

O

Catechol

RaaiR'

RaaiR'

N N

N

N

R'

R

RaaiR'

OH OH

Cat or Catechol

Heteroleptic tris chilates

Scheme 1
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to this solution followed by Et3N (2.5 equivalent) under
stirring condition has synthesized the title compound
[Ru(R-aai-R/)2(CA)] (4-6) (Scheme 1). The products
were purified by chromatographic process.  Reaction
temperature should be strictly maintained to optimize
the yield of the product. At higher temperature
(>1000C) the reaction gives some unidentified

products. The ligand, R-aai-R/, refers to 1-alkyl-2-
(arylazo)imidazole. They are N, N/-donor ligands
where N and N/ are abbreviated to N(imidazole) and
N(azo), respectively. The composition of 4 - 6 were
formulated by elemental analyses. The complexes are
diamagnetic (d6, S=0) and non-electrolytic in nature in
MeCN.

c tc -  R u C l2(R -a a i-R /)2

A g + ,  M e O H

7 0 -8 0 o C
c tc - [R u (R -a a i-R /)2(M e O H )2 ]2+ +  2 A g C l

1 -3

c tc - [R u (R -a a i-R /)2(M e O H )2 ]2++ H 2C A
E t3N

c tc - [R u (R -a a i-R /)2(C A )]
4 -6

. . . . . . . .(1 )

The infrared spectra of 4 – 6 have been assigned on
comparing with the spectra of the precursors Ru(R-
aai-R/)2Cl2 and catechol. Important part of IR spectra
(KBr disc) of the complexes, 4 – 6 are the
disappearance of stretching at 325-340 and 310-320
cm-1 correspond to cis-RuCl2 configuration of the
precursors, 1-3. The characteristics stretchings at
1395-1410 and 1620-1630 cm-1 are assigned to 
(N=N) and  (C=N) +  (C=O), respectively of
coordinated R-aai-R/ in the complex, 4 - 6. A broad
weak stretch at 3170-3180 cm-1 may be assigned to
the stretching of water of crystallization in the solid
state. The  (C-O) appears at 1525, 1360, 1297 cm-1

in the complexes, (4-6) and the free catechol values
are 1664, 1630, 1360, 1265 cm-1.

The solution electronic spectra of the complexes
were examined in CH2Cl2. There are two high intense
absorptions in the region 580-595 and 370-380 nm
along with two weak bands at 470-480 and 300-310
nm. The transition below 400 nm are due to intra-
ligand charge transfer transitions and are not
considered further. On comparing with the parent
dichloro complexes, Ru(R-aai-R/)2Cl2 two transitions
580-595 and 470-480 nm may be assigned to d(Ru) 
* (ligand) transitions. The concentrate solution of the
complexes (10-3 M) exhibit broad and weak
absorption at 670-685 and 875-886 nm. In the
complexes where metal ion is redox active with
delocalisable d-orbitals and/or -acidic co-ligands
having vacant *-orbitals can participate with additional
charge transitions: 3b1(catecho lato)d(metal),
3b1(catecholato) *(co-ligand). Usually these
transitions appear at longer wavelength region ( 700
nm) and are high intense in nature (  104) ( Nathir A.
F. Al-Rawashdeh, Sayandev Chatterjee, Jeanette A.
Krause, and William B. Connick, , 2014, Rongwei
Zhou, Baburam Sedai, Gerald F. Manbeck, and Karen
J. Brewer , 2013, Wei Su, Quanquan Qian, Peiyuan Li,
Xiaolin Lei, Qi Xiao, Shan Huang, Chusheng Huang,
and Jianguo Cui , 2013, Michael R. Norris, Javier J.

Concepcion, Christopher R. K. Glasson, Zhen Fang,
Alexander M. Lapides, Dennis L. Ashford, Joseph L.
Templeton, and Thomas J. Meyer, 2013, ). So, the
transitions  near 700 nm may be assigned to ligand-to-
ligand charge transfer transitions, CA2- *(R-aai-R/) /
* (Ru + R-aai-R/).

The MLCT band at 580-595 nm is sensitive to solvent
polarity. The effect has been examined for a series of
non-hydroxylic and hydroxylic solvents. The hydroxylic
solvents show higher values of EMLCT compared with
non-hydroxylic solvents. The observation is
corroborated with negative solvatochromism. This can
be attributed to superior solvation of the dipolar ground
state and inferior solvation of the less dipolar excited
state by the polar solvent. If the electronic excitation is
associated with decrease in dipole moment than the
excited state will be in a strained solvent cage of
oriented dipoles not correctly oriented so as to
efficiently stabilize the excited state. Thus, with
increasing solvent polarity the energy of the ground
state is lowered to a greater extent than that of the
excited state and this produces hypsochromic effect.

The nmr spectra are corroborated with ctc-isomer
and suggest retention of strereo-configuration. Protons
are assigned on the basis of spin-spin interaction,
effect of substitution on R-aai-R/ and on comparing
with the spectra of precursor ctc-[Ru(R-aai-R/)2Cl2] .
Each R-aai-R/ chelated fragment in the complexes
[Ru(CA)(R-aai-R/)2] exhibits separate set of proton
signals. Imidazole 4- and 5-H appear at 6.9-7.2 and
6.8-7.0 ppm respectively. They are broad singlet in
spin interaction pattern. It may be due to charge
delocalisation from coordinated chloranilate ion to -
acidic R-aai-R/ via Ru(II). Aryl-H (7-H –11-H) are
affected by substituent R; electron donating
substituent –Me shifts the protons to lower  while
electron withdrawing –NO2 group moves the protons
to higher  values
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RaaiR'

RaaiR'

Cat

RaaiR'

RaaiR'

Cat Cat

RaaiR'

RaaiR'

ISOMER-A

ISOMER-B
ISOMER -C

compared with phenyl group. 8,10-H (8/, 10/-H) are
severely affected by substituent R than that of 7-H (7/-
H) and 11-H (11/-H). The 1-Me group of [Ru(R-aai-
Me)2(CA)] (4a-6a) shows two closely spaced singlet
signals showing hetero symmetry of chelated R-aai-R/

groups. Similar observations are also recorded in 1-Et
and 1-CH2Ph groups (Isomer A, B, C).

The 13C NMR spectrum provides direct information
about the carbon skeleton of the molecule.
Assignment of different resonant peaks to respective
carbon atoms are done on nine complexes and the
datas are given on table 4. Considering two
arylazoimidazole moities there are twenty different
carbon atoms in the molecule which gives a total of
twenty different peaks in the 13C NMR spectrum.
Carbon atoms neighbouring the nitrogen atom shifted
to downfield due to an increased electron density
resulting from the presence of electronegative nitrigen
atom and pi electron delocalisation in the magnetic
environment. The non-protonated carbon atoms at
C(2) and C(6) of the arylazoimidazole moiety is shifted
farthest downfield in the spectrum (  = 170.12 ppm
and 168 ppm) effected by the magnetic interection of
two bulky phenyl rings environment and the two
methyl substituted imidazole rings and the pi electron
delocalization on the =N--CC=N-- and =N—CC=CC--.
Similarly the carbon atom at e and e´ position on
bipyridine molecule in the complex resonance at a
lower field of 165 ppm resulting of the conjugative
effect of the –N=CC—CC=N--. The methyl carbon
atom of the imidazole ring resonate at 160 ppm,
resonably compare to the other carbon atoms
resonance.

Two redox responses are observed at positive to SCE
and are oxidative in nature. They are quasi-reversible
in nature and Epa of first response lies in the range 1.2
– 1.4 V and the second couple appears at 1.6-1.8 V
(EP  90mV). The reversal in the positive scanning at

1.2 V increases cathodic current height and on repeat
cycles (5 cycles) within potential range 0.9 to 1.5 V do
not change symmetry and position of the
voltammogram at scan rate 50 mVs-1. Thus, the redox
couple 1.2–1.4 V is assigned to CA- / CA2-. Second
oxidation is assigned to metal centered oxidation, Ru
(III)/Ru(II). One electron nature of oxidation and
reduction are estimated on comparing with current
height of Fe(CN)6

4-/Fe(CN)6
3- couple. If we carry out

experiment with going to negative potential first and
reversed to positive then these two redox responses
exhibit a broad overlapped voltammogram. However,
subsequent scans are complicated and a broad
cathodic peak is observed at 0.4-0.5 V. It may be due
to stripping and adsorption behaviour resulting from
deposition of reduced products on the electrode
surface. There are three quasi-reversible reductive
responses at negative to SCE and they are ligand
centered reductions. A quasireversible reduction wave
is observed at –0.2 to –0.3 V (EP = 80-120 mV)
whose current height is comparable with 1e
electrochemical response (current height is compared
with  Fe(CN)6

4-/Fe(CN)6
3- couple). There is a second

reduction step (Epc = - 0.5 to - 0.7 V) which exhibits
peak-to-peak separation, (EP  100 mV). A third
quasireversible one electron reduction is observed at -
0.8 to - 0.9 V. Azoimine function is second reducing
centre where azo group (-N=N-) may accommodate
2e-s. First couple at –ve to SCE appears at - 0.2 to -
0.3 V which is insufficiently negative to be attributed to
R-aai-R/ reduction process. On comparing with redox
data of Ru(R-aai-R/)2Cl2, Ru(bpy)2(cat), Ru(aap)2(cat)
and H2CA confirms it is localized to chelated
catecholate group. Second and third reductions
appear at -0.5 to –0.6 V and –1.0 to –1.3 V and are
sufficient enough for azo reductions. Two chelated R-
aai-R/ may accept two electrons in a stepwise manner
for first stage azo reduction. The potential difference
between first and second reduction responses is 0.3
V.
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In conclusion, In this work I have synthesised nine
mononuclear ruthenium(II) mixed ligand complexes
using catecholate ion (CA2-) and 1-alkyl-2-
(arylazo)imidazole (RaaiR/) and their full spectral and
elemental characterisation. In this case it forms
mononuclear ruthenium (II) complex with metal-free
quinonoid end. 1H NMR study suggests azoimine and
catechol linkage. 13C (1H)NMR gives the molecular
skeleton in solution phase. 1H-1H COSY spectrum
suggest the contour peaks in the solution phase.
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