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Abstract 

The purpose of the present review is to provide an overview about the synthesis, characterization techniques involved and 

various physico-chemical properties of quinoxaline derivative metal complexes reported upto 2006 by several researchers. 

The synthesis of variety of metal complexes such as mono, bi and trimetallic complexes, homo bimetallic complexes, 

polynuclear, mixed metal and mixed ligand complexes of quinoxaline derivatives were reported by various authors. Several 

techniques like flash photolysis, photochemical irradiation, pulse radiolysis, hydrothermal synthesis were used in addition to 

the routine methods employed in the synthesis of metal complexes. The structure of the complexes was arrived mainly based 

on elemental analysis, molar conductance, magnetic, spectral and single crystal XRD data. The spectral studies include IR, 

Far IR, UV, 
1
H NMR, 

13
C NMR, 

31
P NMR, Mass, ESR, 

57
Fe Mossbauer, resonance Raman spectra, photo electron 

spectroscopy, etc. Semi empirical computational calculations, stability constant studies, gravimetric determinations of the 

metal complexes and thermal studies were also involved. Excited state properties like emission, photochemical properties, 

excited state life time measurements, luminescent studies were also asertained.  Electrochemical studies using Oster young, 

square wave and cyclic voltammetry, DNA binding (by thermal denaturation, electronic absorption and viscometry method), 

DNA cleavage, Powder XRD, etc was also done by many authors. 
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Introduction 

Metal complexes are made up of a metal ion (the acceptor) and 
one or more ligands containing the donor atoms. A ligand may 
be attached to a metal ion by more than one donor atom, thus 
forming a heterocyclic ring called a chelate ring. In such case 
the ligand may be termed a chelating agent and the resulting 
complex a metal chelate 

1
. The environment around the metal 

centre plays a vital role in the reactivity of metal complexes. 
The properties of the model complexes can be changed or 
controlled by using modified ligands. Synthesis and 
characterization of complexes provides a clear idea about 
structure, nature of bonding and other properties. It is now 
possible to predict accurately the physical properties of new 

metal-ligand combinations and tune these properties by suitable 
changes in the ligand structure. 
 
Importance of quinoxaline derivatives: Quinoxaline(1)

2
 also 

called 1,4-benzodiazine, benzoparadiazine, phenpiazine and 
benzopyrazine. It is a heterocyclic compound containing a ring 

complex made up of benzene ring and a pyrazine ring. 
Quinoxaline and its derivatives are very important class of 

nitrogen containing heterocycles. The presence of hetero atoms 
in their ring ion radical and extended π-conjugation causes 

decreasing columbic repulsion. Six membered aromatic nitrogen 
heterocycles (azines) have relatively low π* orbitals which act 
as good acceptors of metal d-orbital density

3
. Quinoxaline 

derivatives serve as rigid sub units in macrocyclic receptors. 

The metal complexes of quinoxaline derivatives are important 
due to their photochemical, photophysical, catalytic and 
biological properties. Derivatives of 1 are widely used as 
bridging ligand in both homobimetallic and heterobimetallic 
complexes. They have wide variety of biological applications

4-

11
. They are also used as optoelectronic devices

12
, self-

extinguishing and flame resistant polymer
13

, flourophores
14

, 
photosensitizer

15
, corrosion inhibitor

16
, and electron-transport 

material
17

 and in photovoltaics
18

. 
 
Synthesis of Quinoxaline derivatives: A number of synthetic 
methods are available for the synthesis of 1 and its derivatives. 
The most common method is condensation of an aryl 1,2-
diamine with 1,2-dicarbonyl compound in suitable solvent

19, 20
 

(scheme-1). The derivatives of 1 are also prepared from 

cinnamils in water under conventional method or microwave 

irradiation method
21

 (scheme-2). Thakuria et al.
22

 reported one-
pot efficient green synthesis for derivatives of 1. They 
synthesized substituted 1,4-dihydroquinoxaline-2,3-diones in 

one-pot reaction at  room temperature from substituted o-
phenylenediamines and oxalic acid (scheme-3).   
 

NH2

NH2

+
O R1

R2O

N

N

R 1

R 2  
 

Scheme-1 
Synthesis of quinoxaline by the condensation of an aryl 1,2-

diamine with 1,2-dicarbonyl compound 
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Scheme 2 

Derivatives of quinoxaline prepared from cinnamils 
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Scheme 3 

One-pot efficient green synthesis for derivatives of 

quinoxaline 
 

Quinoxaline derivative metal complexes: Spectrophotometric 

study of Co(II) and Ni(II) complexes with quinoxaline-2,3-

dithiol has been reported by Ayres et al
23

. The studies revealed 

that the absorbing complex have polymeric structure in which 

the polymer chains consists of alternating metal ion and 

quinoxalinedithiolates. They also reported the 

spectrophotometric determination of platinum. It involves the 

reaction of platinum with 2,3-quinoxalinedithiol and complex    

formation
24

. Cu(II) halides form complexes of the type CuX2L2  

(L is 2,3-diphenyl and 2-methylquinoxaline) and CuX2L (L is 

2,3-dimethyl quinoxaline) with substituted quinoxaline. The 

2,3-diphenylquinoxaline complexes appear to be monomeric 

whereas the others are polymeric. The 2-methylquinoxaline 

complexes have halide bridges and the 2,3-dimethylquinoxaline 

complexes are square-planar with organic ligand bridges. The 

structures are deduced from reflectance, far-infrared spectra and 

molecular models
25

. 

 
Quinoxaline-2-carboxylic acid, 3-chloro and 3-hydroxy 

derivatives have been studied as analytical reagents. The 

solubility products, the optimum pH range for complete 

precipitation and the thermal behaviours of the metal complexes 

have been established. Quinoxaline-2-carboxylic acid allows the 

gravimetric determination of Cu(II), Cd(II), Co(II), Ni(II), 

Zn(II) and Pd(II) with 3-chloro and 3-hydroxy derivatives. 

Among these only Pd(II) could be precipitated quantitatively 
26

. 

Series of complexes of Co(II) with quinoxaline (Q), 2-

methylquinoxaline (Mq) and 2,3-dimethylquinoxaline (Dmq) 

were reported.  Spectral and magnetic data were used to assign 

polymeric octahedral structures to the complexes QCoCl2, 

MqCoCl2 and Mq3CoCl4 and tetrahedral structures to complexes 

of the type Q2CoX2 and DmqCoX2 (where X= Cl
-
, Br

- 
or I

-
) 

together with QCoBr2 and MqCoBr2. The absorption bands 

were assigned, Dq and B’ values were also calculated
27

. 

 

Billig et al reported a number of complexes of Ni(II) with 

quinoxaline (Q), 2-methylquinoxaline (Mq) and 2,3-

dimethylquinoxaline (Dmq). Magnetic and spectral properties 

indicate that the complexes MqNiX2 (X=Cl
-
 or Br

-
) and 

LNi(NO3)2 (L=Q or Mq) have octahedral stereochemistry, while 

those of MqNiCl2 and Dmq2NiCl2 have monomeric square 

planar structures. The octahedral halide complex MqNiCl2 is 

considered to involve both bridging halide and bidentate organic 

ligands
28

. The Co(II), Ni(II) and Cu(II) halide complexes of 2,3-

di-(6-methyl-2-pyridyl)quinoxaline (dmpyq) were reported. The 

structures of the above complexes were assigned on the basis of 

magnetic and spectral data. For Co(II), the tetrahedral 

complexes CoX2(dmpyq) (x=Cl
-
, Br

-
 and I

-
) were isolated and 

for Ni(II), the complexes NiX2(dmpyq) (X=Cl
-
, and Br

-
) were 

found to be distorted octahedral. Cu(II) complexes of 

stoichiometry CuX2(dmpyq) were obtained
29

. 

 

Co(II), Ni(II) and Cu(II) halide complexes of 2,3-di-(2-

pyridyl)quinoxaline were reported and the structures were 

interpreted from magnetic and spectral data. The tetrahedral 

complexes Co(II), CoX2(DPYQ) { X= Cl
-
 and Br

-
}and 

Co2(DPYQ)2 { X= Br
-
 and I

-
} were isolated. For Cu(II), both the 

chloro and bromo complexes have the stoicheiometry 

CuX2(DPYQ) with different structures. The Ni(II) complexes 

Ni2Cl4(DPYQ)(H2O)2 and Ni(Br2)(DPYQ) are octahedral
30

. 

Kidani et al reported the synthesis of indoloquinoxaline 

derivatives and their metal complexes
31

. They also reported 

spectrophotometric determination of the stability constants of 

hydroxyindoloquinoxaline metal complexes
32

. Matsuo et al 

studied the metal complexes of 1- and 4-

hydroxyindoloquinoxaline
33

. 

 

The synthesis of 1-phenyl-5-(2-carboxyphenyl)-3-(3-methyl-2-

quinoxalyl)-formazan and its metal complexes with uranyl, 

Co(II) and Ni(II) ions were reported. The ratio of 

metal/formazan in uranium and Co(II) complexes is 1:2, in 

Ni(II) complex 1:1. Besides, Co(II) and Ni(II) complexes of 3-

methylquinoxaline-aldehyde-o-hydroxy-anil were synthesized 

with a metal/azomethine ratio of 1:2
34

. The Co(II), Ni(II) and 

Cu(II) halide complexes of 6-methyl-2,3-di-(2-

dipyridyl)quinoxaline (dpmq) and 6,7-dimethyl-2,3-di(2-

pyridyl)quinoxaline (dpdmq) were synthesized and the structure 

of the complexes were interpreted on the basis of magnetic and 

spectral data
35

. 

 

Complex, MoCl4L2 (L=quinoxaline) was prepared from MoCl4 

and MoCl5. The ligand is monodentate in the complexes. The 

spectroscopic and magnetic properties of the complexes showed 

octahedral cis-MoCl4N2 system
36

. The Co(II), Ni(II) and Cu(II) 

halide complexes of dpq and dmpq were reported. The 

structures of the complexes were interpreted on the basis of 

magnetic and spectral data. The solution properties of the 

synthesized complexes were also reported
37

. They also reported 

the halide complexes of Co(II), Ni(II) and Cu(II) with 6-nitro-
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2,3-di-(2-pyridyl)-quinoxaline (dpnq). The low frequency IR 

spectra of the synthesized complexes were also reported
38

.  

 

Rignedoli et al.
39

 reported the comparative study of the cationic, 

anionic and neutral crystalline Ni(II) complex of quinoxaline-

2,3-dithiol (H2QS2). The electronic spectra of the complexes are 

different and characteristic for the three classes of complexes. 

The very low magnetic moment observed for cationic 

complexes indicate a much distorted six-coordination. The 

anionic and the neutral complexes have a square planar 

coordination. In all the complexes, the ligand is S-S coordinated 

to the metal and a ν(Ni-S) band is observed at around 420 cm
-1

. 

 

Cr(II), Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) chloride 

complexes with quinoxaline-1-oxide (NQxO) were prepared by 

allowing ligand and salt solutions pretreated with molecular 

sieve. The complexes were characterized based on spectral and 

magnetic studies. The results show that the complexes are bi or 

polynuclear. The Mn(II) complex is pentacoordinated and the 

rest of the complexes are hexacoordinated. The Fe(III) complex 

involves spin free-spin paired equilibria. The new metal 

complexes are magnetically normal high-spin compounds
40

. 

They also reported the 3d metal perchlorate complexes of 

NQxO. The subnormal magnetic moment suggests the 

involvement of two oxygen bonded bridging of NQxO 

ligands
41

. 

 

3d metal chloride complexes of quinoxaline-1,4-dioxide (L) 

were prepared and characterized by spectral and magnetic 

studies. Cr(III) and Fe(III) chlorides formed monomeric 

complexes involving L, aqua ligands and lattice water. The 

NiCl2 yielded the chloride bridged dimer, which also contains 

unidentate L, coordinated through one of the NO oxygens. The 

rest of the new complexes contain bridging L of two types i) 

LO, with one of the NO oxygens acting as a bridge between 

adjacent metal ions. ii) OLO, with L functioning as a bidentate 

bridging ligand. The Mn(II) and Zn(II) complexes are 

polynuclear with chloro and bidentate OLO ligands. The Cr(III), 

Mn(II) and Ni(II) complexes are magnetically normal high-spin 

compounds, Fe(III) complex is magnetically subnormal
42

. They 

also reported metal perchlorate complexes of the same ligand. 

The synthesized complexes were characterized by IR, electronic 

and magnetic susceptibility studies
43

. 

 

Rillema and Mark reported the preparation, optical and redox 

properties of mononuclear and binuclear Ru(II) complexes 

containing bridging ligands (BL) {2,3-di-2-pyridylquinoxaline 

[BL(1)] and 2,3,7,8-tetra-2-pyridyl-pyrazino[2,3-g]quinoxaline 

[BL(2)]}. The dπ→π*(BL) transitions become well separated 

from the dπ→π* (bpy) absorptions
44

. The ion 

pentacyano(quinoxaline)ferrate(II) was characterized in aqueous 

solution by Coelho et al. The complex exhibited strong metal to 

ligand charge transfer absorptions
45

. 

 

Synthesis and chelation properties of hydrazones derived from 

quinoxaline-2-carboxaldehyde were reported by Case et al
46

. 

They also reported the chelation properties of 2-

hydrazinoquinoxaline with transition metal ions such as Fe(III), 

Co(II), Ni(II) and Cu(II). The chelation studies involve the 

determination of pH ranges over which colour formation occurs, 

wavelengths and molar absorptivities of maximum absorbance, 

conformance to Beer’s law and ligand metal ratios. 

 

Compounds of the type trans-(quinox)PtCl2(C2H4) (2-4) were 

prepared by the displacement of chloride from PtCl3(C2H4). The 

steric repulsions of the compounds were reduced, because it has 

one fewer perihydrogen, shows that the quinoxaline is 

undergoing rapid intermolecular exchange. At down to -73 
0
C, 

the compound has the same symmetry as the free ligand and 

does not exhibit
1 

H-
195

Pt coupling
47

. Rillema et al
48  

reported the 

structure, redox and photophysical properties of a series of 

ruthenium heterocycles based on the ligand 2,3-bis (2-

pyridyl)quinoxaline (BL),  [Ru(bpy)n(BL)3-n]
2+

, where bpy is 

2,2’-bipridine, n=0-2. The [Ru(bpy)2(BL)](PF6)2 complex 

recrystallised in the mononuclear space group with cell 

parameters a=14.664 A
0
, b=16.345 A

0
, c=18.978 A

0 
and Z=4. 

The ruthenium to nitrogen bond distances were Ru-

N(pyridine)=2.06 A
0
 and Ru-N(pyrazine)=2.096 A

0
. Absorption 

spectra contained bands (250-300 nm) in the ultraviolet region, 

assigned to ligand π-π* transitions and visible bands at 517-300 

nm, assigned to the π-π* MLCT transitions. Three reductions 

observed are assigned to the electron reduction of each bidentate 

ligands.  

 

The hetero oligonuclear complex, [Ru(BL1)3(PtCl2)](PF6)2 

[where BL1 is 2,3-bis(2-pyridyl)quinoxaline] has been 

synthesized and its properties have been determined by UV-Vis. 

spectroscopy and electrochemical methods. In the complex 

Ru(II) acts as the central atom and is bridged to the Pt(II) 

centres by the BL1ligand
49

. Preparation and properties of 

trimetallic and tetrametallic cluster complexes containing Ru(II) 

metal centers bridged by 2,3-bis(2-pyridyl)quinoxaline (bpq) 

were reported. The bimetallic and tetrametallic clusters are 

symmetrical complexes containing a central Ru(II). In 

tetrametallic clusters, Ru(II) is  coordinated to three 

(bpq)Ru(bpy)2
2+

 ligands. (bpy-2,2’-bipyridin). The bimetallic 

clusters symmetric and has the formula 

[(bpy)Ru(bpqRu(bpy)2)2]
6+

. The complex exhibit low energy 

MLCT transitions assigned as dπ(Ru(outer))→π*(bpq). The 

MLCT maxima of the tetrametallic complex appear at slightly 

higher energies than those of its trimetallic complex. The E1/2 

values were determined by cyclic voltammetry
50

. 

 

Mono and bimetallic complexes of Ru(II) containing 1,10-

phenanthrolene and bidentate bridging ligand (BL) 2,3-bis(2’-

pyridyl)quinoxaline (dpq) were prepared and characterized. All 

the mono and bimetallic complexes show emission in 

acetonitrile at room temperature. The lowest energy absorption 

feature has been assigned as a MLCT band localized on BL
51

. 

Carlton and Belciug reported the
15 

N NMR spectra of a series of 

complexes [RhH2(pph3)2(NArCO2)] (NArCO2=quinoxaline-2-

carboxylate) and were obtained by the INEPT method with 



Research Journal of Chemical Sciences ___________________________________________________________ ISSN 2231-606X 

Vol. 4(11), 80-102, November (2014) Res. J. Chem. Sci. 

International Science Congress Association  83 

polarization transfer from the hydride lying trans to nitrogen. 
15

N NMR signal moves upfield by 35-50 ppm upon 

coordination of nitrogen atom to the metal
52

. 

 

The thermal analysis of the chloride and perchlorate complexes 

of divalent Mn(II), Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) 

containing one or two quinoxaline molecules and different 

numbers of H2O molecules were reported. The perchlorate 

complexes containing two or three quinoxaline molecules in the 

case of Mn(II), Fe(II) and Zn(II) did not decompose to pure 

perchlorate during heating before an explosion occurred. The 

coordination of the quinoxaline is confirmed from the IR 

spectral data
53

. Some new compounds of 6,7-dimethyl-2,3-di(2-

pyridyl)quinoxaline with Co(II), Ni(II), Cu(II) and Zn(II) were 

prepared in toluene. The Co(II) and Zn(II) compounds have 

tetrahedral structures while the Ni(II) and Cu(II) complexes 

have octahedral structures. The thermal behavior of these 

compounds has been studied by thermogravimetry and 

differential thermal analysis. All the complexes are highly stable 

and decompose without the formation of any intermediate 

compounds to the metal oxide
54

. 

 

The mixed ligand complexes of Ru(II) with 5,6-di-(2’-

pyridyl)quinoxaline (dbpq) and 2,3-di-(2’-pyridyl)-quinoxaline 

(dpq) and the excited state properties (emission, lifetimes and 

redox potentials) were reported
55

. Pulsed laser resonance Raman 

studies of mono and binuclear complexes of Cu(I) with the 

bridging ligand dpq and triphenyl phosphine (Ph3P) were 

reported
56

. The solvochromism of few W(CO)5 mono nuclear 

and dinuclear complexes of quinoxaline was reported
57

. 

 

Preparation, competitive hydrogen production and emission 

through photochemical irradiation of the complexes 

[RhH2(PPh3)2L]
+
, [RhH2(PPh3)2]2L

2+
 and 

[(bpy)2RuLRhH2(PPh3)2]
3+

 {where L=dpq} were reported. The 

monometallic Rh complexes and heterobimetallic (RuLRh) 

complexes undergo emission in fluid solution at room 

temperature from a state different than the photoactive state. In 

the case of the heterobimetallic complexes, the photoemissive 

state is described as a Ru based MLCT state while the 

photoreaction is assigned as a Rh-based LF state in all the 

complexes
58

. 

 

Mono and bimetallic complexes of Re(CO)3Cl containing the 

bidentate bridging ligands dpq and dpb have been prepared and 

characterized. The acceptor state in the complexes was localized 

primarily on the bridging ligand. Unlike the analogous Ru 

bimetallic complexes of dpq, the bimetallic complexes 

containing Re are not luminescencent
59

. A series of Os(II) 

compounds of polypyridyl bridging ligands such as dpq and dpb                       

{[Os(bpy)2(dpq)](PF6)2 and [Os(bpy)2(dpb)](PF6)2} have been 

synthesized and their electrochemical and spectroscopic 

properties have been reported. The complexes show absorbance 

throughout the visible region of the spectrum. MLCT excited 

states are dependent upon the nature of the polypyridyl ligand
60

. 

 

Carlson and Murphy Jr.
61

 have reported the synthesis, 

electrochemical and spectral properties of [Ru(dpb)3](PF6)2. 

The cyclic voltammetry of [Mo(qdt)3]
2-

 in N,N-

dimethylformamide was reported. The non-radiative decay of 

the low lying emissive MLCT excited states of a series of 

complexes of the type [Re(dpq)(CO)3L]
+
 and [Re(dpb)(CO)3L]

+
 

{where, dpq = 2,3-di-2-pyridylquinoxaline; dpb = 2,3-di-2-

[pyridylbenzoquinoxaline]; L = Cl
-
, N-methylimidazole, 

pyridine, 4-phenyl-pyridine, 4-methylpyridine, 

trimethylphosphine, acetonitrile} were  reported
62

. 

 

Synthesis, characterization and crystal structure of 

mononucleated Ni(II) complex of quinoxaline-2,3-dithiolate 

have been reported by Ye and co-workers. In bis (quinoxaline-

2,3-dithiolato)nickel(II), sulphur atoms are coordinated to 

Ni(II), but one of the nitrogen atom is protonated and the other 

is not protonated
63

.
 
The non-radiative decay of the low lying 

emissive MLCT excited states of a series of complexes of the 

type [Re(dpq)(CO)3L]
+
 and [Re(dpb)(CO)3L]

+
 {where, dpq = 

2,3-di-2-pyridylquinoxaline; dpb = 2,3-di-2-

[pyridylbenzoquinoxaline]; L = Cl
-
, N-methylimidazole, 

pyridine, 4-phenyl-pyridine, 4-methylpyridine, 

trimethylphosphine, acetonitrile} were  reported
64

. 

 

The synthesis and properties of Re(I) carbonyl incorporating 

bidentate ligand 6,7-dimethyl-2,3-bis(2-pyridyl) quinoxaline 

(ddpq) have been investigated by Yoblinski et al
65

. The complex 

is emissive in room temperature at fluid solution. The 

luminescence originates from an MLCT excited state. The ddpq 

complex did not show any emission, is due to the peturbation of 

the π* orbital on the bridging ligand. Life time measurements 

confirm the existence of a correlation between MLCT energy 

and the non-radiative decay rate.  

 

The synthesis, electrochemical, spectroscopic and 

spectroelectrochemical properties of 

[(bpy)2Os(BL)Ru(bpy)2](PF6) {BL=2,3-bis(2’-

pyridyl)quinoxaline (dpq) and 2,3-bis(2,-

pyridyl)benzoquinoxaline (dpb), bpy=2,2’-bipyridine} were 

reported. Addition of Ru(bpy)2
2+

 to the vacant coordination site 

on the bridging ligand in [Os(bpy)2BL]
2+

 parent compounds 

result a shift to lower energies of the metal-to-ligand charge 

transfer (MLCT) transitions terminating in the bridging ligand 

based π* orbitals as well as shift to more positive potential of 

the bridging ligand  based electrochemical reduction
66

.   

 

The Lm(Qdca).nH2O complexes of quinoxaline-2,3-

dicarboxyamic acid (HQdca) with different Ln(III) metal salts 

have been prepared and characterized by elemental analysis, IR, 

UV, molar conductance, TG and DTA. The data show that the 

ligand coordinates to the metal ion through a nitrogen atom in 

the amide group and an oxygen atom in the carboxyl group. The 

complexes are thermally stable than the ligand and are non-

electrolytes in methanol and DMF
 67

. 

 

The polyazine bridging ligands Cl2dpq and Me2dpq have been 
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synthesized and their electrochemical and spectroscopic 

properties were studied. They also synthesized monometallic 

and bimetallic complexes of the above bridging ligands 

{[(bpy)2Ru(BL)]
2+

 and [(bpy)2Ru]2(BL)
4+

}. The spectroscopic 

and electrochemical properties of the complexes were also 

reported
68

. The ligand L=2-(2’-pyridyl)quinoxaline and its 

Co(II), Ni(II), Cu(II) and Zn(II) complexes were characterized 

by a variety of physical and spectroscopic techniques. The 

ligand behaves as a bidentate chelating ligand in the monomeric 

pseudotetrahedral Zn(II) complex; all three nitrogen atoms of 

the ligand are involved in coordination in the polymeric Co(II), 

Ni(II) and Cu(II) complexes giving five-coordinate (Co(II)) or 

six-coordinate (Ni(II) and Cu(II)) structures
69

. 

 

A series of homobimetallic Os(II) complexes have been 

prepared with general formula [[(bpy)2Os](BL)]
4+

 {where 

BL=2,3-bis(2-pyridyl)quinoxaline (dpq) and 2,3-bis(bis(pyridyl) 

benzoquinoxaline (dpb)}. The electrochemical, spectroscopic 

and spectrochemical properties of the compounds have been 

studied. The lowest energy electronic transitions in these 

homometallic systems have been assigned as Os(dπ)→BL(π*) 

MLCT transitions. The metal centered properties are relatively 

unaffected by the presence of a metal fragment on the other side 

of the bridging ligand
70

. They also reported the preparation of 

mixed metal Os(II)/ Ru(II) trimetallic complexes bridged by 

polypyridyl ligand of general formula {[(bby)2Ru(BL)]2OsCls} 

(where BL = dpq and dpb and bpy = 2,2’-bipyridine). The 

compounds have been characterized by UV-Vis. absorption, 

near IR spectroscopy, cyclic, Osteryoung square-wave 

voltammetry and spectro-electro chemistry. The complexes 

display absorptions throughout the visible region of the 

spectrum. The lowest lying excited state of these molecules is 

Os(dπ)→BL(π*) MLCT based on the central metal centre. This 

MLCT occurs in the near-IR region of the spectrum
71

. Ohzeki et 

al reported a simple and sensitive method for the determination 

of trace amounts of Ni(II). The method is based on the 

adsorptive enrichment of Ni(II) as the complex with 

quinoxaline-2,3-dithiol using a finely divided anion exchange 

resin
72

. 

 

Anderson and co workers
73

 reported the effect of decreasing π* 

energies in the series of metal complexes with general formula 

[Ru(Me2bpy)(Me4bpy)(BL)]
2+

 {Me4bpy is 4,4’,5,5’-tetramethyl-

2,2’bipyridine, BL=6,7-dimethyl-2,3-bis(2-pyridyl)quinoxaline 

(Me2dpq), 2,3-bis(2-pyridylquinoxaline (dpq). Pearson et al
74

 

reported the absorption spectra of charge transfer excited states 

and one electron reduced states of a number of mono and 

binuclear Ru complexes in water obtained using laser flash 

photolysis and pulse radiolysis techniques. The dpq ligand 

contains an extended π-conjugated system; it results in the 

lowering of energies of the π-orbitals of the dpq ligand, hence a 

red shift in its MLCT transition. A series of mixed-metal 

trimetallic complexes of dpq and dpb were synthesized and 

characterized. The synthesized complexes have the general 

formula {[(bpy)2Ru(BL)]2MCl2}
n+

 {where BL=dpq and dpb, 

M=Ir(III), Rh(III) or Os(III)}. These systems form the basis of a 

molecular device for photoinitiated electron collection
75

. 

 

A series of monometallic Ru(II) complexes of general formula 

[Ru(tpy)(BL)Cl]
+
 and [Ru(tpy)(BL)(py)]

2+
 were synthesized and 

characterized using spectroscopic, electrochemical techniques, 

photochemical properties were also reported
76

. Here the 

bridging ligands (BL) used are dpq and dpb. The MLCT 

transitions shift to lower energy when BL is varied from dpq to 

dpb. Substitution of the chloride ligand with pyridine leads to a 

blue shift of this transition. The Hg(II) complexes [Hg2X4L2] (X 

= Cl, Br) and [HgI2L], where L is 2-(2′-pyridyl)quinoxaline, 

have been prepared and studied by a combination of 

conductivity measurements, FT-IR, far-IR, Raman and 
1
H NMR 

spectroscopy. The structures of the free ligand L and [Hg2Cl4L2] 

have been determined from three-dimensional X-ray data 

collected by counter methods. The bromo compound is 

isostructural with [Hg2Cl4L2], while a monomeric 

pseudotetrahedral structure is assigned for the iodo complex in 

the solid state
77

.  

 

Spectroscopic and spectroelectrochemical comparison is made 

among homo and heterobimetallic complexes of 

[(bpy)2Ru(BL)Os(byp)2]
4+

, [(bpy)2Ru(BL)Ru(bpy)2]
4+

 and 

[(bpy)2Os(BL)Os(bpy)2]
4+

 {BL=,2,3-bis(2′-pyridyl) quinoxaline 

(dpq) or 2,3-bis(2′-pyridyl) benzoquinoxaline(dpb); bpy = 2,2′-

bipyridine}. The visible spectroscopy of mixed-metal systems 

of this nature can be accurately interpreted by comparison to the 

homobimetallic analogues
 78

. Infrared and Raman spectra of two 

new metal (II) quinoxaline tetracyanonickelate complexes, 

M(Qx) 2Ni(CN)4, {M = Cd or Ni, Qx = quinoxaline} have been 

investigated. It is proposed that their structure consists of two 

dimensional polymeric sheets formed from Ni(CN)4 ions 

bridged by M(Qx)2 cations. They also reported the effective 

magnetic moments of the complexes
 79

. The reactions of ZnX2 

and CdX2 (X=Cl
-
, Br

-
, I

-
) with the biheteroaromatic ligand 2-(2′-

pyridyl)quinoxaline (L) were studied in ethanolic solutions. The 

new complexes [ZnX2L], [CdI2L] and [Cd2X4L2] were isolated 

and characterized by elemental analyses, conductivity 

measurements, X-ray powder patterns, thermal methods 

(TG/DTG, DTA) and spectroscopic (IR, far-IR, Raman and
1 

H 

NMR) studies. The data are discussed based on nature of 

bonding, known and assigned structures
80

. 

 

The photophysical properties of the low lying emissive MLCT 

excited states of two series of complexes of the type 

[Re(BL)(CO)3L]
+
 {BL=2,3-di(2-pyridyl)quinoxaline (dpq); 

L=N-methylimidazole, trimethylphosphine, acetonitrile, and 

substituted pyridines} have been investigated. These systems 

have been studied by emission spectroscopy, electronic 

absorption spectroscopy, IR spectroscopy, excited state lifetime 

measurements, electrochemistry and resonance Raman 

spectroscopy. The results show that the rate constant for 

nonradiative decay is the dominant mode of excited state 

relaxation and that the energy gap law for radiationless decay in 

the weak coupling limit is obeyed by these two series of 

complexes
81

. 
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The first 1:2 metal complexes of 2-(2′-pyridyl)quinoxaline (L) 

have been isolated. The physical and spectroscopic 

characteristics of the compounds [MCl2L2] (M=Ni(II), Cu(II) 

and Cd(II)) and [CuIL2](PF6) are described. The structure of the 

Cu(I) complex has been determined by X-ray diffraction 

methods. The ligand L acts as a bidentate chelate, the ligated 

atoms being the pyridine nitrogen and the nearest quinoxaline 

nitrogen. The structure of [CuL2]
+
 consists of a distorted 

tetrahedral arrangement around the Cu(I) atom. Monomeric 

trans pseudo-octahedral stereochemistry is assigned for the 

[MCl2L2] complexes
82

. Kilpatrik et al
83

 reported the resonance 

Raman Spectra of quinoxaline attached to a Cp2Mo[IV] 

dithiolene chelate [Cp=cyclopentadienyl], compared the spectra 

with Rhodobactersphaeroidesdimethylsulphoxide reductase, an 

enzyme containing molybdopterin cofactor.  

 

A set of Pt(II) complexes of 5 have been synthesized and 

studied in terms of  photophysical and electro chemical 

behaviour. dqt and dmqdt has only minor effects on the 

emissive properties. The report describes the luminescence 

properties of the complexes Pt(phen)(qdt), Pt(COD)(qdt) and 

(TBA)2[Pt(qdt)2]
84

.
 

{phen=1,10-phenanthroline, COD=1,5-

cuclooctadiene and TBA=tetra-n-butyl ammonium}. The 2:1 

and 1:1 reactions of MeHgI with 2-(2′-pyridyl)quinoxaline (L) 

in methanol led to Hg-C bond cleavage and yielded the 

dinuclear complex [Hg2I4L2] as one of the products. The crystal 

structure of this compound shows a chelating behaviour of L 

and different (terminal, asymmetric bridging) iodide 

coordination modes. Spectroscopic characteristics of the dimer 

and the biological relevance of this reaction are also reported
85

. 

 

Raman spectro-electrochemical and X-ray crystallographic 

studies have been made for the binuclear Cu(I) complex, 

[(Ph3P)2Cu(dpq)Cu(PPh3)2][BF4]2 {where dpq is the bridging 

ligand 2,3-di(2-pyridyl)quinoxaline}. The X-ray data show that 

the pyridine rings are twisted out of plane with respect to the 

quinoxaline ring which is itself non planar. The UV-Vis. spectra 

of the MLCT excited state and those of the electrochemically 

reduced complex are similar. The resonance Raman spectrum of 

the latter species suggests minimum change in the inter ring C-C 

bond order in the electrochemically or charge transfer generated 

radical anion. Semi empirical molecular orbital calculations on 

both the neutral dpq and radical anion show two non degenerate 

lowest unoccupied orbitals in the neutral species. One is 

strongly bonding across the inter ring C-C bond while the other 

is almost non-bonding. The Raman data suggest that it is this 

latter orbital which is populated in the transient and 

electrochemical    experiments
86

. 

 

Spectroscopic and electrochemical properties of a series of 

mixed metal d
6
, d

8
 bimetallic complexes of the form 

[(bpy)2M(BL)PtCl2]
2+

 (bpy = 2,2′-Bipyridine; BL = dpq (2,3-

Bis(2-pyridyl)quinoxaline) or dpb (2,3-Bis(2-pyridyl)-

benzoquinoxaline); M = Os(II) or Ru(II)) were reported
87

. The 

heteronuclear trimetallic systems, {[(bpy)2Ru(BL)]2IrCl2}
5+

 

{bpy is 2,2′-bipyridine and BL are the bridging ligands dpq or 

dpb}, represent a new family of catalysts for the reduction of 

CO2. Two remote Ru centers serve to tune the redox properties 

of the central catalytically active Ir(III)(BL)2Cl2 core. 

Controlled potential electrolysis experiments using these new 

trimetallic catalysts can give current efficiencies as high as 99% 

for CO production with high turnover numbers. This is in 

marked contrast to the lower current efficiency achieved using 

the monometallic [Ir(BL)2Cl2]
 + 1 

analogs which produce formate 

as a reduction product. These catalysts represent a new class of 

systems in which the redox properties of the catalytic site can be 

altered through remote metal coordination and variation without 

a change in the coordination environment of the catalytic 

iridium site
88

. 

 

Ru(II) complexes with polypyridyl bridging ligand 6,7-

dimethyl-2,3-di(2-pyridyl)-quinoxaline (dpqm) have been 

prepared. The electronic and resonance Raman spectra of the 

parent complexes and their reduced and oxidized products have 

been measured. These results indicate that for both complexes 

the first oxidation is metal based and the first reduction is 

bridging ligand based.The resonance Raman spectra of the 

reduced species suggest electron localization of the LUMO to 

be spread across the pyridine and pyrazine/quinoxaline sections 

of the bridging ligands
89

. 

 

The hydrothermal synthesis of hybrid coordination polymer 

from β-octamolybdates linked by quinoxaline and its oxidized 

benzimidazole coordinated to binuclear Cu(I) fragments has 

been reported
 90

.
 
In this complex organo nitrogen ligand acts as 

an effective reduction reagent and its product benzimidazole 

ligand coordinates to Cu(I) atoms directly under hydrothermal 

conditions. 

 

The synthesis, characterization and DNA binding properties of  

a series of mixed metal complexes coupling Ru light absobers to 

Pt reactive metal sites through polyazine bridging ligands have 

been prepared
91

.They have the general formula 

[(tpy)RuCl(BL)PtCl2 ]PF6 {B=2,3-bis(2-pyridyl) quinoxaline 

(dpq), 2,3-bis(2-pyridyl) benzoquinoxaline (dpb); tpy=2,2': 

6',2''-terpyridine)}. These systems possess electron rich Ru 

metal centers bound to five polyazine nitrogens and one 

chloride ligand. This leads to complexes with low energy Ru-

BL charge transfer bands that are tunable with BL. The 

chlorides bound to Pt(II) centre are substantially labile and has 

the ability to covalently bind to DNA. 

 

A convenient new synthetic route to metallo-1,2-enedithiolates 

was applied to the synthesis of (dppe)M{S2C2-

(heterocycle)(H)}; dppe = 1,2-bis(diphenyldiphosphino)ethane, 

M = Ni, Pd, and Pt and heterocycle = 2-quinoxaline. These 

complexes were prepared from the corresponding 

bis(hydrosulfido) complexes (dppe)M(SH)2 and the α-bromo 

ketones, heterocycle-C(O)CH2Br.. The energy of the ILCT 

transition tracks with the reduction potential of the appended 

aromatic heterocycle. The pKa of the protonated complexes is 
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1-3 units higher than that of the parent heterocycle, independent 

of the metal and consistent with resonance stabilization of the 

protonated heterocycle by the 1,2-enedithiolate ligand
92

. 

 

Series of conjugated polymers functionalized with different Ru 

polypyridine metal complexes were synthesized by the Pd 

catalyzed reaction. Two conjugated polymer systems have been 

studied, poly(phenylenevinylene) with bis(2,2′:6′,2″-terpyridine) 

Ru(II) on the main chain and  quinoxaline based polymers with 

tris(2,2′-bipyridine) Ru(II). The Ru polypyridine complexes 

exhibit a long lived MLCT excited state which can enhance the 

photosensitivity of the resulting polymers. Different physical 

properties such as the photoconductivity and charge mobility in 

these polymers are also studied
93

. A series of novel quinoxaline 

based conjugated polymers which contain Ru(II) bipyridine 

complex were synthesized by the Suzuki coupling reaction. 

Excitation and emission spectroscopy suggest an energy transfer 

between the backbone and the metal complex. The polymers 

exhibit hole carrier mobilities of ≈10
-5

 cm
2
. V

-1
·s

-1
, which is 

comparable to organic photoconductors
94

.   

 

A number of mononuclear Re(I) complexes have been prepared 

and their physical properties, excited-state and spectro 

electrochemical resonance Raman spectra were studied. These 

compounds have the general formula [Re(CO)3Cl(L)], {where L 

can be 2,3-di(2-pyridyl)quinoxaline (dpq), 2-(2-

pyridyl)quinoxaline (pq) or 5-methyl-2,3-di(2-

pyridyl)quinoxaline (mdpq)}. The structure of [Re(CO)Cl(dpq)] 

was determined by single-crystal X-ray diffraction. The 

resonance Raman spectra of the reduced complexes show some 

polarization of electron density towards the bound pyridyl ring. 

The excited states have very similar spectral features to those of 

the reduced complexes. This suggests that electrochemically 

prepared redox states model the MLCT state for these systems
95

. 

Four binuclear Re(I) complexes of the form [Re(CO)3Cl]2BL, 

{where BL is one of the bridging N4 donor ligands 2,3-di(2-

pyridyl)quinoxaline and 2,3-di(2-pyridyl)-6-methylquinoxaline} 

have been studied by femto second time-resolved UV-Vis. and 

IR absorption spectroscopies. The variation in excited state 

lifetime with bridging ligand structure is attributed to changes in 

the rate constants for nonradiative decay, which correspond 

qualitatively with changes in the energy of the excited state in 

accordance with the energy gap law for nonradiative 

relaxation
96

. 

 

The 1:1 reactions of FeCl2·4H2O and FeCl3 with the 

biheteroaromatic ligand 2-(2′-pyridyl)quinoxaline (L) were 

studied in methanol. The new complexes [Fe2Cl4L2] (a) and 

[Fe2Cl4L2]Cl2 (b) were isolated and characterized by elemental 

analyses, conductivity measurements, magnetic susceptibilities 

at room temperature and spectroscopic (IR, far-IR, ligand field 

and
57 

Fe Mössbauer) techniques. The X-ray crystal structure of 

(a) suggest, Fe(II) is distorted trigonal bipyramidal with the 

bridging chlorides occupying axial and equatorial sites of each 

Fe(II) atom. A five-coordinate dinuclear structure is also 

assigned for the cation of complex (b)
97

. 

 

The Fe(II) compounds of formula [Fe(DPQ)2(NCS)2]·CO(CH3)2 

{DPQ = 2,3-bis-(2′-pyridyl)-quinoxaline} was synthesized and 

the crystal structure was determined by X-ray diffraction 

methods. Variable-temperature magnetic susceptibility data in 

the temperature range 290-4.2 K revealed the complex as high 

spin. The thermodynamic model of Slichter and Drickamer was 

applied to account for the magnetic data
 98

. The assisted transfer 

of Cu(II) by interfacial complexation with 6,7-dimethyl-2,3-

di(2-pyridyl)quinoxaline (DMDPQ) is studied at the polarised 

water/1,2-dichloroethane junction. Thermodynamic and kinetic 

aspects were determined by cyclic voltammetry and in situ 

spectrophotometric measurements. The dependence of the half 

wave transfer potential on the ligand concentration suggests that 

the equilibrium is effectively displaced towards a 1:3 

(metal:ligand) stoichiometry. Chronoabsorptometric studies in 

the presence of a ligand suggest that the assisted transfer 

kinetics are effectively controlled by the diffusion of the metal 

ion to the interface
 99

. 

 
 1
H NMR spectroscopy was used to study the oligonucleotide 

binding of the ∆ enantiomers of [Ru(phen)2L]
2+

 {where the 

bidentate ligand L is dipyrido[3,2-d:2′,3′-f]quinoxaline (dpq) or 

dipyrido[3,2-a:2′3′-c](6,7,8,9-tetrahydro)phenazine (dpqC)}. 

The data from one and two dimensional NMR experiments of 

the oligonucleotide metal complex binding suggest that all two 

Ru(II) polypyridyl complexes bind in the DNA minor groove. 

Molecular modeling of the metal complex in the intercalation 

site suggests that ∆-[Ru(phen)2dpq]
2+

 binds in a head on fashion 

with the phenanthroline rings in the minor groove and the dpq 

ligand inserted into the nucleotide base stack. NOESY 

experiments of the binding of ∆-[Ru-(phen)2dpq]
2+

 with 

d(GTCGAC)2 and d(TCGGGATCCCGA)2 suggest that 

intercalation from the minor groove is favored at purine-

purine/pyrimidine-pyrimidine sequences for this complex. The 

syntheses of ∆-[Ru-(phen)2dpq]
2+

 and ∆-[Ru(phen)2dpqC]
2+

 

were reported
100

. 

 

The electrochemistry and spectral properties of a series of 

mono- and binuclear complexes with bridging ligands based on 

2,3-di(2-quinolyl)quinoxaline were reported. The ligands are 

2,3-di(2-quinolyl)quinoxaline (dqq), 6,7-dimethyl-2,3-di(2-

quinolyl)quinoxaline (dqqMe2) and 6,7-dichloro-2,3-di(2-

quinolyl)quinoxaline (dqqCl2). The mononuclear complexes 

reduce at the metal and dechelate, as evidenced by UV-Vis. 

spectroelectrochemistry. The reduction species are identified 

using resonance Raman spectroscopy
 101

. The electrochemical 

behaviours of 2,3-dihydroxy-quinoxaline (2,3-DH2Qx) and the 

complex species formed with Zn(II) have been studied in non 

aqueous media. Neither the protonated ligand nor its quinonic 

form exhibit the formation of stable complexes with Zn(II) 

whereas the dianionic species produces two coordination 

compounds having M:L stoichiometric ratios of 1:1 and 1:2. 

The semiquinone form of the ligand by itself shows the 

tendency to polymerize on the surface of the electrode and it is 

not stabilized in the presence of this metal ion
 102

. Cr(III), 
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Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes of 3-(3,5-

dimethyl pyrazole-1-yl) quinoxaline-2-one have been prepared 

and characterized on the basis of analytical, electrical 

conductance, IR, electronic spectral and magnetic susceptibility 

studies
103

. 

 

The reaction of MnCl2·4H2O with the biheteroaromatic ligand 

(L), formed the dinuclear complex bis[aquachloro-2-(2′-

pyridyl)quinoxaline]di-µ-chloro dimanganese 

{[Mn2L2Cl4(H2O)2]}, which was studied in the solid state by 

thermal techniques [thermogravimetry (TG), differential 

thermogravimetry (DTG) and differential thermal analysis 

(DTA)], spectroscopy (IR, far-IR and electronic spectra), 

magnetic susceptibility, X-ray diffraction methods as well as in 

methanolic solution by electrospray mass spectrometry (ES-

MS). The X-ray crystal structure showed two Mn(II) ions 

bridged by two chloro ligands with a terminal chloride, a water 

molecule and a chelating molecule of L, completing a six-

coordinate octahedral geometry around each metal centre
104

. 

 

The synthesis of the new complex Au(qdt)2 as the 

tetraphenylphosphonium salt and the preparation of (bedt-

ttf)M(qdt)2, (tmtsf)M(qdt)2 and (ttf)M(qdt)2 with M=Au, Cu(II) 

and (ttf)3[Ni(qdt)2]2 were reported. Their electrical conductivity 

and thermoelectric power were measured showing in all cases 

activated behaviour with room temperature values of σ ranging 

from 10
-7

 to 10
-3

 S cm
-1

, the highest value being for (bedt-

ttf)Au(qdt)2 which has a gap 2∆=0.32 eV. Preliminary E.S.R. 

results for (ttf)Cu(qdt)2 are also presented
105

. 

 
1
H NMR spectroscopy and viscosity measurements have been 

used to study the oligonucleotide binding of the ∆ and Λ 

enantiomers of the metal complex [Ru(dmphen)2dpq]
2+

 

{dmphen = 2,9-dimethyl-1,10-phenanthroline and dpq = 

dipyrido[3,2-f:2′,3′-h]quinoxaline}. The addition of the ∆ 

enantiomer increased the relative viscosity of the DNA solution, 

while a decrease in the relative viscosity of the DNA was 

observed upon addition of the Λ metal complex. These results 

confirm that octahedral metallointercalators can intercalate from 

the minor groove. In addition, the results demonstrate that the 

left handed enantiomer of [Ru(dmphen)2dpq]
2+

 prefers to 

intercalate from the narrow minor groove despite only being 

able to partially insert a polycyclic aromatic ligand into the 

DNA base stack
106

. 

 

Absorption of quinoxaline-2,3-dithiol (H2QS2) (6) and 

disodiumbis(quinoxaline-2,3-dithiolato) nickelate(II). (Na2-

[Ni(QS2)2]) on a silver surface was studied by SERRS as well as 

FT-SERS techniques. H2QS2 was found to decompose on the 

silver surface to the dithiolate ion, which binds the surface 

through its sulfur atoms. The absorbed dithiolate ion has a 

perpendicular orientation on the silver surface
 107

. New solid 

complexes of transition metal Co(II), Ni(II) and Cu(II) with 

quinoxaline-2,3-dicarboxamide were synthesized and the 

composition of the complexes was confirmed to be 

M(Qxda)2Cl2
 
{M=Co(II), Ni(II), Cu(II)} by elemental analysis 

molar conductance and thermal analysis. The coordination 

pattern and structure were discussed by IR and electronic 

spectra
108

. 

 

The compounds (L-N3)MoO(qdt) and (L-N3)MoO(tdt) [(L-N3) = 

hydrotris(3,5-dimethyl-1-pyrazolyl)borate; tdt = toluene-3,4-

dithiolate; qdt = quinoxaline-2,3-dithiolate] have been studied 

by cyclic voltammetry, photoelectron, magnetic circular 

dichroism and electronic absorption spectroscopy. The 

experimental data have been interpreted in the context of ab-

initio molecular orbital calculations on a variety of dithiolate 

dianion ligands
109

. Reaction of Co(II) perchlorate hexahydrate 

and anhydrous Co(II) chloride with the ligand 2-

(2'pyridyl)quinoxaline (L) leads to the formation of the novel 

five- and six-coordinated complexes CoLCl2(DMF) and 

[CoL2(H2O)2](ClO4)2·H2O·2CH3OH correspondingly. The 

crystal structures of the above complexes show a trigonal 

bipyramidal geometry around the metal atom for complex 

CoLCl2(DMF) and a distorted octahedral geometry for complex 

[CoL2(H2O)2](ClO4)2·H2O·2CH3OH
110

. 

 

The resonance Raman spectra of the ground and lowest excited 

states for a series of binuclear Cu(I) complexes with bridging 

ligands based on 2,3-di-(2-pyridyl)quinoxaline have been 

measured. Analyses of the ground-state resonance Raman 

spectra show strong enhancement of an inter-ring stretching 

mode and quinoxaline based modes. The electronic absorption 

data suggest the initially formed MLCT state is localised 

towards the quinoxaline ring system. The excited state 

resonance Raman spectroscopy shows similar spectral features 

for complexes which have substituent changes at the pyridyl 

rings of the bridging ligand. They show spectra associated with 

the radical anion of the bridging ligand
111

. 

 

Platinum and palladium dichlorides react readily with 2,2′-

azoquinoxaline to give the di-µ-chloro-2,2′-azobis-(7,7′-bis-

benzoyl-quinoxaline) diplatinum(II) and dipalladium(II) 

complexes. These crystalline complexes exhibit both metal-

carbon binding and coordinate metal-nitrogen binding to 

azoquinoxaline
 112

.  Dioximes related to 2,2′-bis[4-(2,3-

bis(hydroxyimino)quinoxaline] phenylpropane (H4L1) and 4,4′-

oxy-bis-[2,3-bis(hydroxyimino)quinoxaline] (H4L2) precursor 

tetraamine compounds have been prepared. Some polymeric 

Co(III) complexes have been isolated. In addition, polymeric 

Cu(II) complex with the ligand (H4L2) has been prepared. The 

polymeric complex [Cu(H2L2)]n obtained gets coordinated 

through the deprotonated oximate oxygens to afford a new kind 

of structure bridged by the oximate groups in the cis 

arrangement with 1,10-phenanthroline as an end cap ligand. 

These complexes have been characterized by elemental 

analyses, mass, IR and 
1
H NMR spectra and electrical 

conductivity measurements
113

. 

 

The reactions of 2,3-bis(2-pyridyl)quinoxaline (bpq) with 

CoCl2·6H2O, Ag(CH3CN)4)BF4, and PdCl2(C6H5CN)2 produce 

[CoCl2(bpq)]2·2CHCl3, [Ag(bpq)CH3CN]2(BF4)2·2CH3CN, and 
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[PdCl2(bpq)], respectively. All the products are distinct 1:1 

(metal:bpq) adducts, where the chelation mode of the bpq is 

dependent upon the metal atoms. The structure of 

[CoCl2(bpq)]2·2CHCl3 is a centrosymmetric Cl
- 

bridged four 

membered dimer. [Co2Cl2], in which the bpq is bonded to the 

Co(II) atom in an anisobidentate mode with the nitrogen donors 

of pyridine and pyrazine rings. For 

[Ag(bpq)CH3CN]2(BF4)2·2CH3CN, each bpq ligand connects 

two tetrahedral Ag(I) ions in a tridentate mode, resulting in a 

cationic cyclic dimer. The structure of [PdCl2(bpq)] 

approximates to a molecular rocking chair with an isobidentate 

bpq through the nitrogen donors of 2-pyridyl rings. The 

compounds exhibit significant and characteristic relationships 

between the structures and their thermal properties. For 

[CoCl2(bpq)]2·2CHCl3, the solvate chloroform molecules are 

safely contained up to 144 °C but drastically evaporate above 

this temperature. The striking feature of 

[Ag(bpq)CH3CN]2(BF4)2·2CH3CN is that the skeletal cyclic 

dimer is basically retained after dissociation of the coordinated 

acetonitriles in the solid state
114

. 

 

Novel Ru(II) polypyridine complexes [(bpy)2Ru(L)]
2+

, {where 

bpy=2,2′-bipyridine and L=dipyrido[3,2-f:2′,3′-h]quinoxaline-

2,3-dicarboxylic acid (dpq(COOH)2), 3-hydroxydipyrido[3,2-

f:2′,3′-h]quinoxaline-2-carboxylic acid (dpq(OHCOOH)) and 

2,3-dihydroxydipyrido[3,2-f:2′,3′-h]quinoxaline (dpq(OH)2)}  

have been synthesized, characterized and anchored to 

nanocrystalline TiO2 electrodes for light to electrical energy 

conversion in regenerative photoelectrochemical cells with I -/I 

2 acetonitrile electrolyte. The effect of pH on the absorption and 

emission spectra of these complexes consisting of protonatable 

ligands has been investigated in water by spectrophotometric 

titration
115

.  

 

New metal complexes of the type [Mn2(dhbq)L2(H2O)4, 

[Fe2(dhbq)L2(H2O)4] (NO3)4·6H2O, [Co2(dhbq) Cl2L2(H2O)2], 

[Ni2(dhbq)Cl2L2(H2O)2], [Cu2(dhbq)Cl2L2(H2O)2], 

[Ru2(dhbq)L2(H2O)4](ClO4)2, [Rh2(dhbq) 

Cl2L2(H2O)2]Cl2·2H2O, [Pd2(dhbq)L2]Cl2·5H2O and 

[Ag2(dhbq)L2] (where dhbq
2-

 is the dianion of 2,5-dihydroxy-

1,4-benzoquinone and L is the biheteroaromatic ligand 2-(2′-

pyridyl)quinoxaline) were synthesized. The new complexes 

were characterized by elemental analyses and by a variety of 

physical and spectroscopic techniques. Dinuclear structures are 

assigned for the complexes in the solid state. The metal ion 

coordination geometries are octahedral, tetrahedral or square 

planar
116

. 

 

The molecular recognition of oligonucleotides by chiral Ru 

complexes has been probed by NMR spectroscopy using the 

template ∆-cis-α-and ∆-cis-β-[Ru(RR-

picchxnMe2)(bidentate)]
2+

 {bidentate ligand is dpq 

(dipyrido[3,2-f:2′,3′-h]quinoxaline, picchxnMe2 is N,N′-

dimethyl-N,N′-di(2-picolyl)-1,2-diaminocyclohexane}. The 

interaction of ∆-cis-α-[Ru(RR-picchxnMe2)-(dpq)]
2+

 with 

[d(CGCGATCGCG)]2 showed intermediate exchange kinetics 

and evidence of minor groove intercalation at the GA base step. 

The groove binding preferences exhibited by the different 

bidentate ligands is explained with the aid of molecular 

modeling experiments
117

.  

 

Unsymmetrical porphyrazines (tetraazaporphyrins) bearing a 

single bidentate phenanthroline chelating group M[pz(t-

butylphenyl)6phen] have been prepared by the base catalyzed 

cross condensation of 3,4-bis(4-tertbutylphenyl)pyrroline-2,5-

diimine (in excess) with 6,7-dicyanodipyridoquinoxaline. 

Treatment of these centrally metalated (M=Mg(II), Zn(II)) 

ligands with various Ru(II) salts has yielded several bimetallic 

complexes including the first coordinatively linked 

porphyrazine trimer. The optical properties of these complexes 

are shown to be a function of the additional ligands surrounding 

the asymmetric Ru center
118

. 

 

New method is proposed by Amin et al
119

 for the 

microdetermination of Hg(II). Hg(II) forms insoluble complexes 

with 2,3-dichloro-6-(2-hydroxy-3,5-dinitrophenylazo)-

quinoxaline, 2,3-dichloro-6-(5-amino-3-carboxy-2-hydroxy-

phenylazo)-quinoxaline, 2,3-dichloro-6-(2,7-dihydroxynaphth-

1-ylazo)-quinoxaline and 2,3-dichloro-6-(3-carboxy-2-hydroxy-

naphth-1-ylazo)-quinoxaline in aqueous acidic medium; the 

complexes can be made soluble by the action of an anionic 

surfactant. The molar absorpitivity, sandell sensitivity and 

relative standard deviations were also calculated. A slight 

interference from Pd(II) and Cd(II) is exhibited by the first three 

ligands, whereas the last one is only negligibly affected by these 

metal ions. The method was applied to the determination of 

methyl and ethylmercury chloride and the analysis of 

environmental water samples.  

 

The syntheses, characterization, crystal structures, 

photophysical and electrochemical properties of two dinuclear 

and two polymeric Ag(I) complexes with three polypyridyl 

ligands, 2,3-di-2-pyridylquinoxaline (L1), 2,3-di-2-pyridyl-5,8-

dimethoxyquinoxaline (L2) and 2,3,7,8-tetrakis(2-

pyridyl)pyrazino[2,3-g] quinoxaline (L3) were reported. The 

structures of the two box like dinuclear complexes with L1 and 

L2 are chemically the same. Differently crystallized one 

dimensional zigzag chain coordination polymers also have of 

boxlike dinuclear subunits have been elucidated by X-ray 

analysis
120

. 

 

A new series of Ru(II) polypyridyl sensitizers with strongly 

electron donating dithiolate ligands Ru(dcbpy)2(L) and 

Ru(dcphen)2(L) {where L is quinoxaline-2,3-dithiolate (qdt), 

dcbpy is 4,4′-dicarboxy-2,2′-bipyridine and dcphen is 4,7-

dicarboxy-1,10-phenanthroline} have been prepared for 

sensitization of nanocrystalline TiO2 electrodes
 121

. 

Spectroelectrochemical investigations of two dinuclear 

complexes [Ru(III)(bpy)2(µ-BL)Ru(II)(bpy)2]
5+

 {BL = 2,3-

bis(2-pyridyl)-1,4-benzoquinoxaline (dpb)} revealed that the 

intervalence charge transfer (IT) characteristics are sensitive to 

the stereochemistry. Thermochromism, redox and semiempirical 
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computational studies suggest differential ion paring between 

the diastereoisomeric forms
122

.  

 

Series of Ru(II) complexes with hexafluorophosphate and 

chloride salts incorporating a new dipyrido phenazine based 

ligand, dicnq (6,7-dicyanodipyrido [2,2-d:2’,3’-f]quinoxaline) 

were synthesized (7-9)
123

. These mono ([Ru(phen)2(dicnq)]
2+

 , 

bis ([Ru(phen)(dicnq)2]
2+

 ) and tris ([Rdicnq)3]
2+

) complexes 

were characterized by elemental analysis, IR, FAB-MS, 
1
H 

NMR and cyclic voltammetric methods. Thermal denaturation 

and absorption study revealed that the complexes were 

moderately strong binders of calf thymus (CT) DNA. 

Luminescence studies reveal that [Rdicnq)3]
2+ 

is non 

luminescent and [Ru(phen)2(dicnq)]
2+

 and  [Ru(phen)(dicnq)2]
2+

  

are moderately efficient molecular light switches for DNA. 

 

The trimetallic complexes [{(bpy)2M(dpp)}2Ru(dpq)]
6+ 

(M=Ru(II) or Os(II), bpy=2.2'-bipyridine, dpp=2,3-bis(2-

pyridyl)pyrazine, and dpq = 2,3-bis(2-pyridyl)quinoxaline) have 

been prepared and their spectroscopic, electrochemical and 

spectro-electrochemical properties were investigated. The 

details of the electrochemical, spectroscopic and 

spectroelectrochemical studies of these supramolecular light 

absorbers and the dichloro synthons, [{(bpy)2M(dpp)}2RuCl2]
4+ 

were reported
124

. 

 

Ru3(CO)12 reacts with 2,3-bis(2′-pyridyl)quinoxaline (dpq) in 

benzene in the presence of either 2,2′-dipyridine (dpy) or 

pyridine (py) to give the mononuclear complexes Ru(CO)3(dpq) 

and       Ru(CO)2(dpq)(py)  respectively. Reactions of Os3(CO)12 

with dpq alone or in the presence of dipyridine, yield only 

Os(CO)3(dpq). Reactions of RuCl3 with dpq under reduced 

pressure in PhH/EtOH gave bis-[Ru(dpq)2Cl2]Cl. Magnetic 

measurements showed Ru(III) with low spin electronic 

configuration. Three complexes, Rh2(dpq)2Cl6, [Rh(dpq)2Cl2]Cl  

and Rh(dpq)(py)Cl3 were isolated from reactions of RhCl3 with 

dpq. The type of product was dependent on the reactants and 

conditions. The complexes exhibit either irreversible or quasi 

reversible ligand based reductions. In addition, the zerovalent 

complexes displayed one metal based oxidation in their cyclic 

voltammograms, due to the formation of M
+
 species

125
. 

 

One dimensional polymeric Cu(I) complexes of the type 

{[CuL(H2O)]BF4·H2O}n, L=2,3-diphenylquinoxaline and 

{[CuL′(H2O)]X}n,  L′=2,3-dimethylquinoxaline and X
-
 = ClO4

- 

or BF4
-
, containing a rare Cu(I)-water bond were synthesised. 

From the X-ray crystal structures, the Cu(I) centres in these 

complexes are found to have a planar T shaped N2O 

coordination sphere
 126

. Novel anion recognition host molecules, 

tris-1,10-phenanthroline Co(III) and bis-2,2-bipyridine mono-

1,10-phenanthroline Ru(II) complexes bearing fused 

dipyrrolylquinoxaline moieties have been reported. UV-Vis. 

The observed binding constants are ascribed to two factors, (i) 

the presence of a phenanthroline coordinated cationic charge 

that decreases the electron density on the pyrrole NH protons 

and (ii) pure electrostatic effects
127

. 

 

A absorption, emission and IR spectra, metal (Ru) and ligand 

(PP) half wave potentials and ab-initio calculations on the 

ligands (PP) are compared for several [LnRu(PP)]
2+

 and 

[{LnRu}dpp{RuL′n}]
4+

 complexes, Ln and L′n=(bpy)2 or 

(NH3)4 and PP= 2,3-bis(2-pyridyl)quinoxaline (dpq) or 2,3-

bis(2pyridyl)benzoquinoxaline (dpb). The energy of the MLCT 

absorption maximum (hv max) varies in nearly direct proportion 

to the difference between Ru(III)/Ru(II) and (PP)/(PP) half 

wave potentials, ∆E1/2, for the monometallic complexes but not 

for the bimetallic complexes. The ab-initio calculations indicate 

that the two lowest energy π* orbitals are not much different in 

energy in the PP ligands (they correlate with the degenerate π* 

orbitals of benzene) and that both contribute to the observed 

MLCT transitions
128

. A new spectrophotometric method for the 

micro determination of zinc is proposed by Amin
129

. The 

method is based on complexation reaction of Zn(II) with the 

chromogenic reagent 2,3-dichloro-6-(2-

hydroxynaphthylazo)quinoxaline in the presence of 

cetyltrimethylammonium bromide (CTAB) and nonyl phenoxy 

polyethoxyethanol (OP)bin slightly basic medium. 

 

The complexes of Co(II), Ni(II), Cu(I), Cu(II) and Zn(II) with a 

new polypyridyl ligand, 2,3-bis(2-pyridyl)-5,8-

dimethoxyquinoxaline (L) have been synthesized and 

characterized. The crystal structures of the complexes have been 

determined by X-ray diffraction analyses and three types of 

coordination modes for L were found to exist in the complexes. 

The solution behaviors of these complexes have been studied by 

UV-Vis. and ESR techniques 
130

. 

Binuclear Re(I) and Re(I)Os(II) complexes with polypyridyl 

bridging ligands, 6,7-dimethyl-2,3-di(2-pyridyl)quinoxaline 

(dpqMe2) were synthesized and resonance Raman spectra were 

also recorded
 131

. Ni(II), Co(II) and Fe(II) complexes of 2-(2-

pyridyl)quinoxaline were synthesized and used in the ethylene 

oligomerization with methyl-aluminoxane (MAO) as cocatalyst. 

The Ni(II) complex system mainly produced α-olefins with 

good activity, while the Co(II) and Fe(II) complexes showed 

only marginal activity
132

. 

 

The resonance Raman spectra of Mo(CO)4(dpq) {dpq is 2,3-

di(2-pyridyl)-quinoxaline} and Mo(CO)4(5mdpq) {5mdpq is 5-

methyl-2,3-(2-pyridyl)-quinoxaline} were reported. The spectra 

of these complexes differ from the corresponding Re(I) 

complexes. This is due to the less mixing between the metal dπ 

and ligand π* MOs in the Mo case. The resonance Raman 

spectra of the reduced species for Mo(CO)4(dpq
.-
) show dpq

.- 

bands close to those observed for [Ru(phen)2(dpq
.-
)]

+
 and 

significantly different from the corresponding    

Re(CO)3Cl(dpq
.-
)

133
. 

 

Novel Mn(II) complex with the planar ligand 6,7-

dicycanodipyrido[2,2-d:2′,3′-f]quinoxaline (L) 

[MnL(NO3)(H2O)3]NO3.CH3OH has been synthesized and 

characterized by elemental analysis, IR, TG-DTA and molar 

conductance. Its crystal structure was determined by X-ray 
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diffraction, crystal data. The Mn atom was hexa coordinated to 

form a distorted octahedral geometry by two nitrogen atoms of 

L and four oxygen atoms of three H2O and NO3
-
 in the complex. 

The binding mode of the complex with calf thymus DNA has 

also been investigated with spectrophotometric methods, 

viscosity and thermal denaturation measurements. The results 

show that the complex intercalated into DNA base pairs via the 

ligand. Biological tests against four different cell lines (HL-60, 

KB, Hela and BGC-823)     in-vitro showed that the complex 

had significant antitumor properties
134

. 

 

The synthesis and enantiomeric resolution of metal complex of 

the type [Ru(bpyMe2)2L]
2+

 { bpyMe2=4,4′-dimethyl-2,2′-

bipyridine and L = dipyrido[3,2-a:2′3′-c]-quinoxaline (dpq)}. 

DNA-paper chromatography, absorption spectroscopy, gel 

electrophoresis and viscometry of linear DNA were used to 

assess the association and affinity for DNA of the complexes. 

Optical resolution of the complexes was done by solvent 

recycled chromatography using Sephadex cation exchange resin 

and disodium (-)-O,O′-dibenzoyl-L-tartrate. Absorption 

spectroscopy experiments indicated that the complex was in 

close association with the DNA. ∆ and Λ-[Ru(bpyMe2)2(dpq)]
2+ 

bind through different modes, the ∆ isomer by intercalation and 

the Λ isomer by partial intercalation. The results indicate that 

the extended methyl groups in the 4 and 4′ positions on the 

bpyMe2 ligand are critical in eliciting different enantiomeric 

interactions with the walls of the DNA grooves
135

. 

 

A new complex Mo(CO)4(2,2′-pq) {where 2,2′-pq = 2-

(2′pyridyl)quinoxaline} was synthesized and characterized. The 

octahedral geometry of the metal centre is distorted due to the 

bending of the axial carbonyls from the ligand 2,2′-pq. This 

bending is associated with the extensive solvatochromism of the 

MLCT band of complex Mo(CO)4(2,2′-pq)  were also studied
 

136
. Preparation and properties of cyclopalladated complexes of 

d dibenzo[f,h]quinoxaline with ethylenediamine were reported 

by Cherezova et al
137

.  

 

Synthesis, characterization and DNA binding properties of  a 

series of mixed metal complexes coupling Ru light absobers to 

Pt reactive metal sites through polyazine bridging ligands have 

been prepared
 138

. They have the general formula 

[(tpy)RuCl(BL)PtCl2]PF6 {B=2,3-bis(2-pyridyl) quinoxaline 

(dpq), 2,3-bis(2-pyridyl)benzoquinoxaline (dpb); tpy=2,2': 6',2''-

terpyridine)}. These system possess electron rich Ru metal 

centers bound to five polyazine nitrogens and one chloride 

ligand. This leads to complexes with low energy Ru-BL charge 

transfer bands that are tunable with BL. The chlorides bound to 

Pt(II) centre are substantially labile and has the ability to 

covalently bind to DNA. 

The novel quinoxaline substituted (E,E)-dioxime (H2L) 

containing a hexaoxadiaza macrobicycle has been synthesized 

and the mononuclear Ni(II) complex with a metal:ligand ratio of 

1:2 was prepared. The above hydrogen bridged complex was 

converted into its BF2
+
 capped analogue by reaction with 

BF3·Et2O. The reaction of the BF2
+
 bridged complex with KPF6 

gave a hetero trinuclear complex. Structures for the dioxime and 

its complexes are proposed in accordance with elemental 

analysis, 
1
H and 

13
C NMR, IR and MS spectral data

139
. 

 

A Cu(I) complex [Cu(dpq)2](CIO4) {dpq is dipyrido-[3,2-

d:2′,3′-f]-quinoxaline} is prepared and characterized. The 

cationic complex has the Cu(I) center bonded to two N,N-donor 

dpq ligands giving a distorted tetrahedral geometry. The crystal 

structure displays extensive π-π stacking interactions involving 

the planar aromatic rings of dpq. The complex is diamagnetic 

and exhibits a MLCT band at 442 nm in MeCN and a 

perchlorate stretch at 1088 cm
-1

 in the IR spectrum in KBr 

phase. It shows a quasi reversible cyclic voltammetric response 

at 0.17 V (∆Ep = 120 mV) at 50 mV s
-1

 in DMF for the 

Cu(II)/Cu(I) couple. The complex shows efficient nuclease 

activity on treatment with supercoiled DNA in presence of 

hydrogen peroxide. Mechanistic studies have shown minor 

groove binding of the complex and the involvement of hydroxyl 

radicals in the DNA cleavage reactions
140

. Metal assisted red 

light induced efficient DNA cleavage by dipyridoquinoxaline-

Cu(II) complex was reported by Dhar et al
141

. 

 

The synthesis and characterization of new Cu(II), Zn(II), Cd(II) 

and Pb(II)  complexes of quinoxaline moieties linking the  

macrocyclic units are reported
142

. The 1:2 and 1:3 (metal:ligand) 

complexes of 2,3-bis(diphenylphosphine)quinoxaline dioxide 

with Ce(III), Nd(III) and Sm(III) nitrates were synthesized and 

characterized by IR spectroscopy
31

P NMR and X-ray 

diffraction. In all complexes, the ligand coordinated through the 

P=O groups and is characterized by the chelate coordination 

with the metal. The behavior of the complexes in solutions of 

CHCl3 and   CH3CN is studied
143

. 

 

The variable temperature 
1
H and 

13
C NMR and EPR spectra of 

the stable radical anions [Os3(CO)10(µ
3
-η

2
-L)(µ-H)] 

{LH=quinoxaline} was reported.  They also reported the DFT 

calculations of the stable triosmium cluster
 144

. The selective 

paramagnetic relaxation of oligonucleotide proton resonance of 

d(GTCGAC)2 and d(GTGCAC)2 by Ni(phen)2(L)
2+

 { L=dpq} 

has been examined to obtain structural insight into the non 

covalent binding of the metal complex to DNA
145

. 

 

Ternary Cu(II) complexes [CuLL′](ClO4), where L is NSO 

donor Schiff base (2-(methylthio)phenyl) salicylaldimine and L′ 

is dipyridoquinoxaline (dpq) are prepared and structurally 

characterized by X-ray crystallography. [CuL(dpq)](ClO4) show 

axial sulfur ligation. The one electron paramagnetic complexes 

exhibit axial electron paramagnetic resonance (EPR) spectra in 

dimethylformamide glass at 77 K. The complex shows 

photocleavage activity when irradiated with a monochromatic 

UV light of 312 nm. The dpq complex also cleaves SC DNA on 

visible light irradiation at 436, 532 and 632.8 nm but with a 

longer exposure time and higher complex concentration. The 

quinoxaline ligand exhibits significant photosensitizing effect 

assisted by the Cu(II) center
146

. 
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Ni(II) complexes of a various quinoxaline containing 

dioxyclams were reported
147

. The DNA binding and oxidative 

cleaving ability of these complexes were studied. They observed 

that the Ni(II) complexes cleave DNA in the presence of oxone 

and depends on both the nature and the orientation of the 

quinoxaline moieties. 

 

The ternary Cu(II) complexes [Cu(salgly)L], [Cu(salala)L] and 

[Cu(salphe)L] { L=dipyridoquinoxaline (dpq),  salgly, salala 

and salphe are tridentate Schiff base ligands derived from the 

condensation of salicylaldehyde with glycine, L-alanine and L-

phenylalanine respectively} are prepared and their nuclease 

activity were studied. The complexes are redox active and 

exhibit a quasi reversible Cu( II)/Cu(I) couple in DMF. They 

show catalytic activity in the oxidation of ascorbic acid by 

molecular oxygen. The ability of the complexes to bind calf 

thymus (CT) DNA is also examined. Complexes show oxidative 

DNA cleavage activity in the presence of mercaptopropionic 

acid as a reducing agent. All the complexes show hydrolytic 

cleavage activity in the absence of light or any reducing 

agent
148

. 

 

 Thomas et al
149

 reported new ternary Cu(II) complexes of 

formulations [Cu(Ph-tsc)B] {B=dipyridoquinoxaline (dpq), Ph-

H2tsc=salicylaldehyde-N(4)-phenylthiosemicarbazone) and 

[Cu(Me-tsc)(phen)] (Me-H2tsc, salicylaldehyde-N(4)-

methylthiosemicarbazone}. They also studied their DNA 

binding and cleavage properties including the mechanisms 

 

The reaction of 2,3-quinoxalinedithiol with 2,6-

bis(bromomethyl) pyridine leads to the isolation  of a 

macrocyclic ligand precursor, bis(2-thio-3-

mercaptoquinoxalino)-2,6-dimethylpyridine (L) was reported by 

Anacona
 150

.
  
The reaction of transition metal ions with L gives 

[M(L)X]X complexes (M=Mn(II), Co(II), Cu(II), Ag(I), Zn(II) or 

Cd(II) and X = Cl
-
 or Br

-
). The compounds were characterized 

by physical and spectroscopic measurements which indicated 

that the ligand is probably acting as a pentadentate NS4 

chelating agent. 

 

Ternary Cu(II) complex [Cu(L-met)B(Solv)](ClO4) { L-Hmet = 

L-methionine and B is N,N-donor heterocyclic base 

dipyrido[3,2-d:2′,3′-f]quinoxaline (dpq)} prepared and its DNA 

binding and photo induced DNA cleavage activity studied. The 

complex displayed significant binding propensity to the calf 

thymus DNA. Control cleavage experiments using pUC19 

supercoiled DNA and distamycin indicate minor groove 

binding
151

. 

 

Hwang et al
152

 reported the synthesis, electrochemical and 

photophysical properties of four red emitting Ir(III) complexes 

using the cyclometalated quinoxaline ligands and one nitrogen 

chelate ligand, such as pyridylpyrazolate or triazolate. The 

synthesized complexes exhibit high emission quantum yields 

and short phosphorescence radiative life times in the range of 

several microseconds that are suitable for serving as red 

emitting materials for PLED and OLED. Single crystal X-ray 

diffraction studies of [(dpqx)2Ir(fppz)] revealed distorted 

octahedral geometry.  

 

The design of a series of luminescent Re(I) polypyridine biotin 

complexes containing different spacer arms, [Re(N-N)(CO)3(py-

4-CH2-NH-biotin)](PF6) (py-4-CH2-NH-biotin=4-

(biotinamidomethyl)-pyridine; N-N=dipyrido[3,2-f.2′,3′-

h]quinoxaline, dpq), [Re(N-N)(CO)3(py-3-CO-NH-en-NH-

biotin)](PF6) (py-3-CO-NH-en-NH-biotin=3-(N-((2-

biotinamido)ethyl)amido)pyridine, N-N=dpq) and [Re(N-

N)(CO)3(py-4-CH2-NH-cap-NH-biotin)](PF6) (py-4-CH2-NH-

cap-NH-biotin=4-(N-((6-biotin amido)hexanoyl)aminomethyl) 

pyridine; N-N=dpq ). The interactions of these biotin containing 

complexes with avidin have been studied by 4′-

hydroxyazobenzene-2-carboxylic acid (HABA) assays, 

emission titrations, and competitive association and dissociation 

assays. On the basis of the results of these experiments, 

homogeneous assays for biotin and avidin have been 

designed
153

. 

 

Study on the minor groove recognition of B-DNA d(GTCGAC)2 

by racemic d,l-[Co(phen)2dpq]
3+ 

{phen and dpq stand for 1,10-

phenanthroline and dipyrido [3,2-d:2,3-f]quinoxaline} was 

carried out with one, two-dimensional (1D, 2D) nuclear 

magnetic resonance (NMR) methodologies and molecular 

simulations. NMR investigations revealed that the metal 

complex intercalates into the DNA base stack from minor 

groove orientation with dpq as intercalator and dpq ligand 

participated in the nucleobase stack
154

. 

 

The self assembly of ligand-metal-ligand sandwich complexes 

involving a novel quinoxaline-containing crown ether was 

studied by electrospray ionization mass spectrometry (ESI-MS). 

Donor-acceptor π-stacking interactions between the electron 

poor quinoxaline group of quinoxaline containing crown ether   

and electron rich benzene groups from benzo or dibenzo-18-

crown-6 were found to significantly enhance the formation of 

mixed-ligand sandwich complexes. The relative intensities of 

the sandwich complexes were greatest with the alkali metals 

Na
+
, K

+
 and Rb 

+
 as well as with the ammonium ion in 

equimolar concentrations with the macrocycles
155

. 

 

The electrochemistry and spectroelectrochemistry of four 

quinoxalinoporphyrins containing metal(II) ions and one free-

base quinoxalinoporphyrin dissolved in nonaqueous media have 

been reported. The compounds are represented as (P)M and 

(PQ)M, {where P = 5,10,15,20-tetrakis(3,5-di-tert-

butylphenyl)porphyrin, PQ = 5,10,15,20-tetrakis(3,5-di-terf-

butylphenyl)quinoxalino[2,3-b]porphyrin and M = Ni(II), 

Cu(II), Zn(II) or Pd(II)}. The average HOMO-LUMO gap for 

the (P)M and (PQ)M derivatives is 2.26±0.09 V and 2.14±0.08 

V, respectively are smaller than the average separation of 

2.33±0.13 V for the corresponding derivatives of 

tetraphenylporphyrin. The electrochemistry and UV-Vis. 

spectroelectrochemical data indicate that moderate 
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communication exists between the quinoxaline unit and the 

porphyrin π-ring system
156

. 

 

The DNA-binding affinities and the spectral properties of a 

series of Ru(II) polypyridyl complexes, [Ru(bpy)2 (dmdpq)]
2+

, 

[Ru(bpy)2 (dpq)]
2+

, [Ru(bpy)2(dcdpq)]
2+

  {bpy = 2,2′-bipyridine; 

dpq=dipyrido[3,2-d:2′, 3′-f]quinoxaline; dmdpq=di-methyl-dpq; 

dcdpq=di-cyano-dpq} have been experimentally and 

theoretically examined. The DNA binding constants Kb of the 

complexes were determined systematically with 

spectrophotometric titration. The density functional theory 

(DFT) and time dependent DFT (TDDFT) calculations were 

carried out for the above complexes. The experimental results 

show that the complexes bind to DNA in intercalation mode
157

. 

 

Schramm et al 
158

 reported the ruthenium amidinate complexes 

of diamino substituted pyrazinoquinoxalines. The structure of 

the derived complexes was studied by X-ray diffraction. 

Ternary Cu(II) complexes [Cu(L-lys)B(ClO4)](ClO4) {where B 

is a heterocyclic base dipyrido[3,2-d:2′,3′-f]quinoxaline (dpq)} 

was prepared and its DNA binding and photo induced DNA 

cleavage activity was studied (L-lys = L-lysine)
159

.
 
The complex 

displayed good binding propensity to the calf thymus DNA.The 

complex shows efficient DNA cleavage activity on UV (365 

nm) or visible light (694 nm ruby laser) irradiation via a 

mechanistic pathway involving formation of singlet oxygen as 

the reactive species. The amino acid L-lysine bound to the metal 

shows photosensitizing effect at red light. The dpq ligand 

displays red light-induced photosensitizing effects in copper-

bound form. 

 

The Fe(III), Al(III), Ga(III) and Cr(III) complexes of a bidentate 

ligand, 3-hydroxy-2-methyl-4(1H)-pyridinone directly attached 

to the fluorescent 2,3-dimorpholinoquinoxaline at C-6 position 

was reported
160

. The ratio between the bidentate ligand and 

metal ions were found to be 3:1. The fluorescence was 

efficiently quenched by the metal complex formation. The 

fluorescence was recoverd by removal of Fe(III) with the N-

benzoyl analogue of a naturally occurring siderophore,  

desferrioxamine B. 

 

The synthesis and luminescence study of a new platinum 

quinoxaline complex was reported. The complex, 

[(DPQ)Pt(acac)] {where DPQ=2, 3-diphenylquinoxaline, 

acac=2, 4-pentanedione). Organic light emitting diode (OLED) 

with a configuration of [ITO/NPB(21 nm) /NPB=7% 

(DPQ)Pt(acac)(17.5 nm) /BCP(7 nm)/ Alq 3(21 nm)/ 

Mg:Ag(10:1)(120 nm)/Ag(10 nm)] (ITO: indium tin oxide; 

NPB: 4, 4′-bis[N-(1-naphthyl)-N- phenyl-amino] biphenyl; 

BCP: 2,9-dimethyl-4,7-diphenyl-1, 10-phenanthroline; Alq 3: 

tris(8-hydroxyquinoline) aluminum) shows a red emission at 

632 nm
 161

. They also reported a new iridium quinoxaline 

complex, [Ir(DPQ)2(acac)] (DPQ=2,3-diphenylquinoxaline, 

acac= acetoacetone). The complex was characterized by 

elemental analysis, 
1
H NMR and mass spectroscopy. The UV-

Vis. absorption and photoluminescence of the complex were 

investigated. The complex shows strong 
1
MLCT and 

3
MLCT 

absorption at 476 and 625 nm, respectively. OLED with a 

configuration of [ITO/NPB (30 nm)/NPB: 7% 

Ir(DPQ)2(acac)(25 nm)/PBD (10 nm)/Alq3 (30 nm)/Mg: Ag 

(10:1)(120 nm)/Ag(10 nm)] were fabricated by using this 

complex as the triplet emissive dopant in NPB. The power 

efficiency of the device indicates that [Ir(DPQ)2(acac)] is a 

promising electrophosphorescent material
162

. 

 

Zou et al
163

 reported the synthesis and characterization of 

Co(II), Ni(II), Cu(II) and Cd(II)  complexes with 2,3-bis[3-(2-

pyridyl)pyrazolmethyl]-quinoxaline. These results show that the 

nuclearity of metal complexes may be tuned by ligand 

modifications and the nature of ligands, metal ions, counter 

anions and solvent molecules play important roles in the 

formation of coordination compounds.  

 

Synthesis and characterization of the new complex 

W(CO)4(2,2′-pq) {2,2′-pq = 2-(2′-pyridyl)quinoxaline} was 

reported. The structure resembles those of W(CO)4(phen) and 

W(CO)4(bpy), some distortions that stem from 2,2′-pq's 

asymmetry are present. The solvatochromic behaviour of the 

complex is anticipated by DFT/CPCM calculations and is 

investigated in detail by absorption and NMR spectroscopy. The 
1
H NMR data of 2,2′-pq and W(CO)4(2, 2′-pq) reveal an 

increase of the solvent influence to the chemical shifts of the 

diimine ligand after its coordination to the metal and suggest 

two different types of solvent effects for the complex and the 

ligand respectively
164

. 

 

The synthesis, characterization, photophysical, electrochemical 

and avidin-binding properties of luminescent Re(I) 

amidodipyridoquinoxaline biotin complexes were reported (10)
 

165
. All the complexes exhibited 

3
MLCT emission in fluid 

solution at room temperature and in alcohol glass at 77 K. 

Luminescence titration experiments showed that these 

complexes exhibited emission enhancement and life time 

extensions upon binding to avidin and anthracene labeled avidin 

have been displayed.  

 

Balashev et al
166

 reported a comparative study of  platinum 

complexes of dipyrido[f,h]quinoxaline (dpq), 6,7-

dicyanodipyrido[f,h]quinoxaline (dicnq), 

dibenzo[f,h]quinoxaline and 6,7-dicyanodibenzo[f,h]-

quinoxaline. Saravanakumar et al
167

 reported the synthesis, 

NMR and crystal structure data of novel electron-deficient 

quinoxaline anellated imidazol-2-ylidene precursors and their 

transition metal complexes. 

 

A new vanadyl complex with the formula VO(L1)2 {L1=3-

amino-6(7)-chloroquinoxaline-2-carbonitrile N1,N4-dioxide, has 

been synthesized and characterized by elemental analyses, 

conductometry, fast atom bombardment mass spectroscopy 

(FAB-MS), electronic, Fourier transform infrared (FTIR), 

Raman, nuclear magnetic resonance (NMR) and electron 

paramagnetic resonance (EPR) spectroscopies. The complex 
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give rise to more potent in vitro cytotoxins than the free 

ligand
168

. 

 

New cationic Ir(III) complex of 2-(2-quinolinyl)quinoxaline has 

been reported
169

. UV-Vis., photoluminescence, cyclic 

voltammetry and theoretical calculations were used for studying 

the   photophysical and electrochemical properties and also 

excited state properties. The excited state of complexes is 

complicated and contains triplet
3 

MLCT, triplet ligand-to-ligand 

charge transfer (
3
LLCT) and ligand-centered cyclometal (

3
LC) 

transitons simultaneously. 

 

 Li et al reported neutral Ru(II) based emitting materials 

containg DBQ (dibenzo[f,h]quinoxaline) 
170

. Synthesis and 

characterization of complexes of the type [(η
5
-C5Me5)MCl(poly-

py)] {where M=Rh and Ir, poly-py = poly pyridyl ligands} were 

reported by Govindaswamy et al (scheme 4) 
171

. Syntheses, 

characterization and magnetic properties of 

[Mn
II
(DMeDPQ)(µ1,5-dca)2]n have been described {where 

DMeDPQ=6,7-dimethyl-2,3-di(2-pyridyl) quinoxaline, dca = 

dicyanamide} the structure of the complex is polymeric and 

consists of one dimensional double chains. DMeDPQ behave 

here as bidentate chelating ligand. The one dimensional double 

chain structure is formed due to the dual existence of two single 

and two double end to end (µ1,5-, EE) dca ligands. The variable 

temperature magnetic susceptibility measurements reveal that 

dicyanamide mediates a weak antiferromagnetic interaction 

between the metal centers
172

. 
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Synthesis of complexes of the type [(η
5
-C5Me5)MCl(poly-py)] 

 

Veroni et al
173

 reported the monodentate complexation of 2-(2′-

pyridyl)quinoxaline (pq) to a metal centre through N4. 

Photochemical exchange of the THF ligand in W(CO)5THF by 

pq yields W(CO)5(N4-pq) , where the potentially bidentate pq 

ligand coordinates in an unusual monodentate fashion. Complex 

W(CO)5(N4-pq) is isolated and fully characterized on the basis 

of NMR, IR, UV-Vis. and emission spectroscopy. The structure 

of the complex was determined by X-ray analysis. The 

preference to N4 as coordination site is discussed in terms of 

electronic interactions. Solutions of the complex emits dually at 

77 K while they are moderately unstable at room temperature. 

 

Ternary Cu(II) complexes [Cu(L1)B](ClO4) and 

[Cu(L2)B](ClO4) { HL1 and HL2 are tridentate NSO and ONO 

donor Schiff bases and B is a heterocyclic base, viz. 

dipyrido[3,2-d:2′,3andlt;-f]quinoxaline (dpq)} were prepared 

and their DNA binding and photoinduced DNA cleavage 

activity was studied. The complexes display good binding 

tendency to calf thymus DNA. They cleave supercoiled pUC19 

DNA to its nicked circular form when treated with 3-

mercaptopropionic acid (MPA) by formation of hydroxyl 

radicals as the cleavage active species under dark reaction 

conditions. The photoinduced DNA cleavage activity of the 

complexes was investigated using UV radiation of 365 nm and 

red light of 633, 647.1, and 676.4 nm (CW He-Ne and Ar-Kr 

mixed gas ion laser sources) in the absence of MPA. 

Enhancement of the cleavage activity on photoexposure at the 

d-d band indicates the occurrence of metal-assisted 

photosensitization processes involving the LMCT and d-d band 

in the ternary structure
174

. 

 

Conclusion 

Currently thousands of papers are available on metal complexes. 

An attempt has been made to present salient facts related to 

works done on various quinoxaline derivative metal complexes. 

The review highlights various synthetic methods employed in 

addition to the conventional methods, experimental condition, 

distinct spectro-analytical and physico-chemical methods 

involved in the characterization of mono, bi and trimetallic, 

homo bimetallic, mixed metal and mixed ligand complexes of 

quinoxaline derivatives. Various transitions involved, types of 

complexes, coordination mode and geometries of the complexes 

were arrived from the studies. The review pointed out that the 

complexes exhibit various physico-chemical properties. They 

act as luminescent materials, hybrid coordination polymers, 

photo conducting materials, catalysts, DNA binding and 

cleaving agents, etc.  The results indicate Quinoxaline and its 

derivatives as very important and biologically active system. 

The data together with   several varieties of results reported in 

this review promise bright future for Quinoxaline derivative 

metal complexes. We hope this review will throw more light on 

quinoxaline derivative metal complexes. Finally this review 

gives indepth knowledge in understanding coordination 

chemistry and may be useful in the design of metal complexes 

as therapeutics.  
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