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Abstract―Binuclear bridged complexes [(bpy)2Ru(μ-bptz)Re(CO)3·(Hlg)](X)2 [bptz = 3,6-bis(2-pyridyl)-
1,2,4,5-tetrazine; Hlg = Cl, X = BF4 or Hlg = Br, X = NO3].  Were synthesized and studied by mass 
spectrometry and infrared and electronic spectroscopy. The complexes give a strong long-wave band in the 
electronic absorption spectrum. The spectra were interpreted on the basis of TD DFT quantum-chemical 
calculations.  

Over the past two decades much interest has been 
attached to the synthesis and properties of binuclear 
structures on the basis of 3,6-bis(2-pyridyl)-1,2,4,5-
tetrazine (bptz, I) [1]. 

properties and appearance of new properties due to 
interaction of the components of this system. 

The aim of the present work was to synthesize a 
novel heterobinuclear complex based on bptz and 
containing the {Ru(bpy)2}2+ and {Re(CO)3(Hlg)} frag-
ments and to describe its spectral characteristics. 

The synthesis involved two stages: (1) coordination 
of the first metal center to the free bridging ligand and  
(2) coordination of the second metal center to the 
resulting metal ligand. Theoretically, the starting 
complexes, both ruthenium and rhenium, can act both 
as the first and the second metal center. Both reactions 
are accompanied by a side reaction forming homo-
binuclear molecules, as well as incomplete binding of 
the free ligand. The intermediate mononuclear product 
was isolated by liquid chromatography. The rhenium 
complex was found to be a more efficient first reagent 
than the ruthenium complex. The reason lies in that the 
double- charged ruthenium cation is usually chromato-
graphed in a mixture of saturated aqueous potassium 
nitrate with acetone, whereas the uncharged complex 
(bptz)Re(CO)3(Hlg), in a dichloromethane–acetone 
mixture. The use in the first case of an aqueous solvent 
can lead to hydrolysis of the coordination product, 
accompanied by cleavage of the tetrazine ring in the 
bridge, by analogy with what was described in [7], 
thereby radically changing the structure and 
composition of the intermediate compound. 
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Compound I has a peculiar electronic structure:  
Due to the presence of four nitrogen atoms in the 
tetrazine ring, the lowest unoccupied molecular orbital 
(LUMO) in I has a very low energy. Furthermore, the 
two pyridyl substituents allow bidentate coordination 
of one or more metal centers of a widely varied nature. 
However, the overwhelming majority of second- and 
third-raw transition metal complexes, synthesized by 
now, are homonuclear [1]. The only reported precedent 
is a heterometallic comples comprising rhodium and 
rhenium ions [2]. 

The polypirydine ruthenium center incorporated in 
mononuclear complexes is widely used as photo-
sensitizer [3, 4], and a mononuclear pentacarbonyl 
halide complex of rhenium can catalyze a number of 
organic reactions [5, 6]. To combine these two 
structures in a binuclear complex with a bptz bridge is 
of great interest in terms of modification of chemical 
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Based on the above reasons, of the two possible 
synthetic approaches we chose the rhenium penta-
carbonyl chloride complex as the first reagent. 

the {Re(CO)3(Hlg)} fragment. All the compounds 
feature similar signal distributions, which suggests that 
the bromide ligand is present in the inner coordination 
sphere of complex III and is eliminated in the course 
of the mass spectral experiment. 

The IR spectrum of complex II, too, contains a 
series of three characteristic absorption bands in the 
carbonyl region, which, together with mass spectral 
data, is evidence in favor of the formation of a 
binuclear complex with a {Re(CO)3(Hlg)} fragment. 

As shown in several works dealing with α-diimine 
halocarbonyl rhenium complexes [9, 10], the observed 
characteristic distribution of IR signals corresponds 
(see table) to an axial arrangement of the halide ligand 
with respect to the plane of the nitrogen atoms of the 
bridging ligand and two their opposite carbonyl 
groups. The IR spectra show that the synthesized com-
plexes contain no isomers with an equatorial halide 
ligand at the rhenium coordination center. However, 
the synthesis of the binuclear complex can form dia-
stereomers with different mutual arrangements of 
terminal ligands at the two metal centers, as shown in 
Fig. 1. 

In the case of complexes II and III, infrared 
spectroscopy is not sensitive enough to detect such 
isomeric species. Ernst et al. [11] showed that in this 
case a sufficiently sensitive technique is 1Н NMR 
spectroscopy and demonstrated, using the example of 
[(bpy)2Ru(μ-bppz)Ru(bpy)2]4+ [bpy = 2,2'-bipyridyl, 
bppz = 2,5-bis(2-pyridyl)pyrazine], the possibility to 
detect such diastereomers. As would be expected, the 
1Н NMR spectra of complexes II and IIIcontain a 
series of multiplets at 7–10 ppm corresponding to bptz 
and bpy pyridine proton signals and impossible to 
assign unambiguously. Therefore, we cannot detect the 
potentially existing forms in this case but, on the other 
hand, cannot rule out their presence.  

Binuclear complexes [(bpy)2Ru(μ-bptz)Re(CO)3(X)]2+ 
(X = Cl, Br) give a strong absorption band in the 
region of 650 nm and a short-wave absorption band. 
The latter band is fairly broad and unsymmetric  (Fig. 2), 
which implies that it is formed by a number of closely 
lying transitions. According to TD–DFT calculations 
for preliminary optimized structures with inclusion of 
solvent (H2O) effects, the electronic absorption spectra 
of both complexes has a resolved strong transition in 
the region of 650 nm and a weaker transition which 
explains the unsymmetric pattern of the experimentally 
observed band, with a suggested maximum at 515 nm. 

Re(CO)5(Hlg) + bptz

boiling in mixture

toluene−dichloromethane (bptz)Re(CO)3(Hlg) + 2CO.

The reaction between the rhenium metal ligand and 
the ruthenium complex at the second stage provides  a 
hetebinuclear bridged compound. 

stirring in

(bptz)Re(CO)3(Hlg) + [Ru(bpy)2(solv)](X)2

[(bpy)2Ru(bptz)Re(CO)3(Hlg)](X)2.
dichloromethane

bpy = 2,2'-bipyridyl, solv = molecules of solvent used at the 
first stage (nonabsolutized EtOH). 

The reaction product was isolated by recrystal-
lization at –15°С. The binuclear complex is less so-
luble compared to the starting complexes under these 
conditions. 

Mass spectral analysis of the resulting complexes 
by electrospray ionization (ESI) gave evidence for 
their suggested composition. The complexes [(bpy)2Ru
(μ-bptz)Re(CO)3(Cl)](BF4)2 (II) and [(bpy)2Ru(μ-bptz)
Re(CO)3(Br)](NO3)2 (III), having different halide 
ligands and counter ions, undergo various trans-
formations in the course of mass spectral experiment. 
Chloride complex II gives a molecular ion at m/z 1043, 
corresponding to the composition {[(bpy)2Ru(μ-bptz)
Re(CO)3(Cl)](BF4)}+, whereas the mass spectrum of 
complex IIIcontains a signal at m/z 989 corresponding 
to the fragment {[(bpy)2Ru(μ-bptz)Re(CO)](NO3)2}+ 
formed by cleavage of two carbonyl groups and 
bromide ligand. The calculated isotope patterns [8] for 
signals of both complexes completely fit experimental 
ones. 

Mass spectral analysis of complex II points to the 
presence of species containing Ru and Re surrounded 
by aromatic nitrogen-containing ligands but provides 
no direct evidence showing that compound III contains 
a bromide ligand. The fact that the synthesized 
complex contains a halide ion is confirmed by IR 
spectral data implying the presence of a characteristic 
{Re(CO)3(Hlg)} fragment. The table lists the vibration 
frequencies and relative intensities of carbonyl ligand 
signals of complexes II and III, and a series of 
previously described complexes [2, 5, 6] containing 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  79   No.  5   2009 

PAKAL’NIS et al. 982 

IR spectra of complexes II and III, and previously described complexes 

Complex Solvent 

II CH2Cl2 2024 s 1938 m 1930 m 

III CH2Cl2 2025 s 1942 m 1927 m 

(bptz)Re(CO)3Cl [2] CH2Cl2 2032 s 1946 m 1919 m 

(bptz)Re(CO)3Brа CH2Cl2 2032 s 1946 m 1920 m 

[(η5-Сp*)ClRh(bptz)Re(CO)3Cl]PF6 [2] CH2Cl2 2015 s 1912 m 1884 m 

Carbonyl absorption frequencies, cm–1 

a The data were obtained in the present work. 

Fig. 1. Structures of possible diastereomers (AB and CD pairs) and their corresponding enantiomers (AC and BD pairs). 
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The calculation shows that both bands are formed by 
metal-to-ligand charge transition. The long-wave band 
corresponds to the electron transition from the dπ 
orbitals of two metal centers to the π* orbital of the 
tetrazine ring of bptz. The second, a shorter wave and 
weaker (three times in the case of the chloride and two 
times in the case of the bromide) compared to the first 
band, corresponds to the transition between the dπ 
orbitals of ruthenium and π* orbitals of the bipyridyl 
ligands. 

EXPERIMENTAL 

The starting compounds II and IIIand complexes 
were synthesized using the following reagents and 
solvents: methanol, acetone, diethyl ether, carbon 
tetrachloride, DMF, toluene, methylene chloride 
(Vekton), 2,2'-bypiridyl (bpy), silver tetrafluoroborate 
(Aldrich), potassium nitrate, silver chloride, potassium 
chloride (Vekton). All the materials were used as 
received. 3,6-Bis(2-pyridyl)-1,2,4,5-tetrazine (bptz, I) 
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Fig. 2. (Solid line) Experimental and (vertical lines) cal-
culated visible absorption spectrum of complex III. 
Experimental spectrum: aqueous solution, cII 1.45×10–3 M, 
εmax 17200 l cm–1 mol–1.  

was synthesized as described in [12]. The ruthenium 
and rhenium complexes were synthesized by published 
procedures: Na2[Ru(H2O)Cl5] and Ru(bpy)2Cl2·2H2O 
[13, 14], Re(CO)5(Hlg), (Hlg = Cl, Br) [15], and (bptz)
Re(CO)3(Hlg) (Hlg = Cl, Br) [2]. 

The 1Н NMR spectra were obtained on a Bruker 
DРX 300 instrument. The IR spectra were measured 
on a PerkinElmer FT–IR System Spectrum BX 
spectrometer. The mass spectra were taken on a 
Micromass LCT instrument with an ESI source. The 
electronic absorption spectra were run on a Specord 
М40 spectrophotometer. 

Complexes [(bpy)2Ru(κ4,μ-bptz)Re(CO)3(Hlg)](X)2 
(II, III) [(II), Hlg = Cl, X = BF4; (III), Hlg = Br, X = 
NO3]. A solution of 19.5 mg of AgBF4 or 17 mg of 
AgNO3 in 1 ml of ethanol was added to a stirred 
solution of 26 mg of Ru(bpy)2Cl2·2H2O in 10 ml of  
ethanol. The mixture was left to stand for 10 min at 
room temperature and was then filtered to remove 
AgCl precipitate, and the solvent was evaporated. The 
residue was dissolved in 20 ml of methylene chloride, 
27.1 mg of (bptz)Re(CO)3Cl or 29.3 mg  of (bptz)Re·
(CO)3Br was added, and the solution was left to stand 
for 12 h. A change in color from violet to blue was 
observed. Hexane, 30 ml, was then added, and the 
solution was left to stand for 24 h at –15°C. The re-
sulting precipitate was filtered off and dried in air. 

κ4,μ-3,6-Bis(2-pyridyl)-1,2,4,5-tetrazine-bis(2,2'-
bipyridyl)ruthenium(II)chlorotricarbonylrhenium(I) 
ditetrafluoroborate (II). Yield 36%. Mass spectrum: 
m/z 1043.0. IR spectrum (CH2Cl2), ν, cm–1: 2024 s, 
1938 m, 1930 m. 

κ4,μ-3,6-Bis(2-pyridyl)-1,2,4,5-tetrazine-bis(2,2'-
bipyridyl)ruthenium(II)bromotricarbonylrhenium(I) 
dinitrate (III). Yield 30%. Mass spectrum: m/z 989.0. 
IR spectrum (CH2Cl2), ν, cm–1: 2025 s, 1942 m, 1927 m. 

Calculational procedure. Quantum-chemical cal-
culations of the geometry of the ground state of the 
electronic absorption spectra of the synthesized 
complexes were performed using Gaussian03 [16] in 
the framework of the DFT theory with the B3LYP 
hybrid functional [17], LanL2DZ basis set [18, 19], 
and  effective core potential for ruthenium. The 
electronic absorption spectra were calculated by the 
TD DFT method, solvation effects were included in 
the framework of the polarized continuum model 
(РСМ) [20]. 
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