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Abstract: The interaction of cis-Re2(RCOO)2Cl4, trans-Re2(RCOO)2Cl4, Re2(RCOO)3Cl3 and Re2(RCOO)4Cl2 (where 
R - alkyl group) with 1,3,5-triphenylverdazyle radical in 1,2-dichlorethane was investigated. It is discovered, that 
gradual substitution of halogenide ligands by carboxylates in dirhenium(III) clusters led to slowing down of reaction 
with a radical due to different infl uence of these ligands on parameters of rhenium - rhenium bond. Presented data 
showed perspectivity of Re2

6+-substances applications as therapeutic agents due to their low toxicity and antiradical 
properties that occured by δ-component of quadruple Re-Re bond electron transition.
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INTRODUCTION
It was revealed earlier, that a majority of dirhenium(III) halocarboxylates synthesized by us had low toxicity 

and different kinds of biological activity [1-5]. The binuclear cluster Re2
6+- fragment is a part of these compounds and 

includes multiple rhenium – rhenium bond with δ-component [6], which plays the role of free radical “scavenger” [3] 
by virtue of minor energy δ-δ* cleavage (0,615 eV [7]). One of the specifi c problems is the search and investigation of 
substances displaying simultaneously antihemolytic and antiradical activity as the activation of free - radical processes 
accompany most pathological states [8]. In this connection therefore an actual study of interaction of derivatives cluster 
Re2

6+ with stable free radicals is both important and preferential. The interaction of a series of dirhenium(III) derivatives 
with 1,3,5-triphenylverdazyle radical (Vd) was investigated. The Vd-radical was synthesized according to procedure [9], 
subsequently upgraded by the writers. The 1,2-dichlorethane was selected as a solvent for carrying out investigations, 
since parent compounds possess good solubility. Also it possesses low electron-donating properties (DN (SbCl5) = 0) 
[10], therefore the solvent does not react with a radical.

Vd-radical transfers to triphenylverdazyle-cation upon transition of an electron (Fig.1). 
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Fig.1. 1,3,5-triphenylverdazyle radical and its cation.

Such type of transition may be explored with the help of electronic absorption spectra(EAS), as the maximum 
absorption is characteristic for Vd-radical at 13900 cm-1 and 25000 cm-1, and for cation -18180 cm-1 [9]. With the help of 
EAS it is also possible to show the availability of a quadruple bond rhenium - rhenium in dirhenium(III) halocarboxylates 
in the visible region using δ-δ* -electron transition [11,12]. Thus, the electronic spectroscopy is a reliable method for 
studding transmutations in system Vd - derivatives – Re2

6 +.
The interaction of a Vd-radical with all possible structural types dirhenium(III) halocarboxylates (Re2(RCOO)4Cl2, 

Re2(RCOO)3Cl3, cis-Re2(RCOO)2Cl4, trans-Re2(RCOO)2Cl4, where R - alkyl group) was studied by EAS spectroscopy.

Study of interaction of Vd-radical with dihalotetra-μ-carboxylates of dirhenium(III)
The compounds Re2(RCOO)4Cl2 (where R = С2Н5, С3Н7, i-С3Н7, С10Н15) (Fig.2) were selected for investigation. 

The structure and properties of these compounds were learnt earlier [13, 14].
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Fig. 2.  Structure of dirhenium(III) dihalotetra-μ-carboxylates. 

Interaction of dihalotetra-μ-acetate of dirhenium(III) with a Vd-radical was not investigated, because this 
compound is not dissolved in most organic solvents.

Investigation of dihalotetra-μ-carboxylates of dirhenium(III) (R = С2Н5, С3Н7, i-С3Н7, С10Н15) has allowed the 
calculation of dependence of reaction rate from the length of alkyl groups and their bifurcation in cluster dirhenium(III) 
compounds. Study of a derivative of 1-adamantanecarboxylic acid (R=C10H15) was stipulated by the uniqueness of 
adamantane-group structure (Fig.3) This ligand belongs to the class of carcass ligands, which represents by itself three 
soldered cyclohexane rings in conformation chair (Fig.3).

It has a very high induction effect, even greater, than that of tert-butyl group that confi rmed higher values of 
electrical dipole moments for adamantane derivatives. An example of that was showed earlier on chlorides of this group: 
μ(C10H15Cl) = 2,32D, and μ((CH3)3CCl) = 2,13D [15,16].

Fig. 3 Structure of adamantane group.

A mixture of 0,0079g Re2(C3H7COO)4Cl2 (9,9·10-6 mol) and 0,0062g Vd (2,07·10-5 mol) was soluble in 25ml 1,2-
dichlorethane and recorded EAS of an obtained solution in time. As a result, disappearance of maximums characteristic 
for parent compounds (Fig.4) and appearance of a maximum absorption at 18180 см-1 in EAS describing formation of 
Vd – cation, which took place. Tetracarboxylate derivatives reacted with a radical within 30-35 days.

The changing EAS (Fig.4) confi rms the transfer of electrons from a Vd-radical to Re2
6+- group, thus the Re-Re 

bond’s order is decreased.

Fig. 4. EAS in 1,2-dichlorethane Vd with Re2(C3H7COO)4Cl2.

As was displayed previously in results of the kinetic investigation [17], the reaction rate decreased when increase 
of induction effect in carboxylate group [J (C10H15-) > J (i-C3H7-) > J (C3H7-) > J (C2H5-)]. Thus for adamantane derivative 
it is observed to have the least reaction rate with a Vd-radical. Increasing of branching of alkyl groups (for example, 
C3H7 and i-C3H7) lead to decreasing of the reaction constant, that is in accord with the major induction effect of the 
branched group i-C3H7.

Study of interaction of a Vd-radical with trihalotri-μ-carboxylates of dirhenium(III)
Interaction of compounds Re2(RCOO)3Cl3 [6] (Fig.5) with 1,3,5-triphenylverdazyle radical in 1,2-dichlorethane 

was investigated.
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Fig. 5. Structure of Re2(RCOO)3Cl3. 

Fig. 6. EAS in 1,2-dichlorethane Vd with Re2(RCOO)3Cl3. 

0,0026g Re2(С2Н5COO)3Cl3 (3,7·10-6 mol) and 0,0023g Vd (7,6·10-6 mol) is dissolved in 1,2-dichlorethane, then 
obtained solutions is mixed and recorded change EAS in time (Fig.6).

The spectral data (fi g.6) show that in time absorption maximum at 13890 см-1 disappear and the maximum of 
absorption at 18180 см-1 appears and is increased in intensiti, that confi rms conversion of Vd-radical to Vd-cation [9]. 
Similar results were obtained for other  trihalotri-μ-carboxylates of dirhenium(III). Interaction of a Vd-radical with 
tricarboxylate derivatives took place within several days (Fig.6).

Study of interaction of a Vd-radical with cis-tetrahalodi-μ-carboxylates of dirhenium(III)
Cis-tetrahalodi-μ-carboxylates of dirhenium(III) (Fig.7) are stable enough in solid state in air for a long time and  

soluble in many organic solvents and inorganic acids [11].
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Fig. 7. Structure of cis-Re2(CH3COO)2Cl4·2DMFA.

Fig. 8. EAS in 1,2-dichlorethane Vd with cis-Re2(CH3COO)2Cl4·2DMFA.
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0,0044g cis-Re2(CH3COO)2Cl4·2DMFA(5,6·10-6 mol) and 0,0035g Vd (1,1·10-5 mol) were dissolved in 12ml 
of 1,2-dichlorethane, then mixed obtained solutions and record change EAS in time. The interaction of a Vd-radical 
with cis-tetrahalodi-μ-carboxylates of dirhenium(III) in dichlorethane took place within days. The disappearance of 
absorption maximum in parent compounds took place in visible region and appearance of absorption maximum of Vd – 
cation (Fig.8) confi rmed complete fi nishing of the reaction.

Study of interaction of a Vd-radical with trans-tetrahalodi-μ-carboxylates of dirhenium(III)
Trans-tetrahalodi-μ-carboxylates of dirhenium(III) (Fig.9) represents a signifi cant interest both from the  theoretical 

and applied aspects [18,19].
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Fig. 9. Structure of trans-Re2(RCOO)2Cl4.

The interaction of 0,0062g of a Vd-radical (20,7·10-6 mol) with 0,0073g of a trans-Re2(RCOO)2Cl4 (10,6·10-6 mol) 
in 25 ml of dichlorethane took place within several seconds, which was confi rmed by the EAS data. The compounds were 
separately dissolved in 1,2-dichlorethane. Trans-Re2(RCOO)2Cl4 and Vd-radical have, accordingly, blue (absorption 
maximum at 12500 and 16129 см-1) and green colour (absorption maximum at 13900 см-1) (fi g.10). After mixing of both 
compounds, the colour of the resultant solution then immediately changed to violet.

Such conclusion is confi rmed by EAS data (Fig.10), which clearly indicates the disappearance of maximums, 
specifi c for parent compounds and appearance of a maximum absorption at 18180 см-1 describing formation of Vd – 
cation.

Fig. 10. EAS in 1,2-dichlorethane Vd with trans-Re2(i-C3H7COO)2Cl4.

CONCLUSIONS
The interaction of all possible structural types of halocarboxylate derivatives of the cluster Re2

6+ with 1,3,5-
triphenylverdazyle radical was studied. The reaction fi nished completely due to interaction of the compounds with 
twofold molar excess of a Vd-radical [20]. In these conditions disappearance of absorption bands, which were relevant 
to origin substances and appearance of Vd – cation bands took place in electronic absorption spectra. Disappearance of 
the maximum absorption, which characterizes δ-δ* -electron transition confi rmed cleavage of δ-component of quadruple 
bond Re-Re.

Analysis of the obtained results shows that binuclear cluster fragment Re2
6+ actively reacted with Vd-radical, 

however the rate of such interaction strongly depends on the charge ratio and ligand environment of the cluster Re2
6+.

It was shown, that a gradual substitution of halogenide ligands by carboxylates in dirhenium(III) clusters led to 
the slowing down of the reaction with a radical due to different infl uence on these ligands by the parameters of rhenium 
- rhenium bond. The least reaction rate is showed for tetracarboxylate derivatives. Besides, the reaction rate decreased 
with an increase of induction effect of alkyl groups. This fact may be explained by stronger pressing-in of electronic 
density to rhenium – rhenium bond, for which the effect of conjugation with СОО- group and formation of pentamerous 
cycle was observed together with strengthening of the bond.
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Presented data showed positive future prospects for application of Re2
6+-substances applications as therapeutic 

agents due to their low toxicity and antiradical properties that occurred by δ-component of quadruple Re-Re bond 
electron transition.
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