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Introduction

Free radical reactions are of high importance in the nature [1] . By initiating or inhibiting the formation of free radicals, the body regulates the destruction of the cell walls leading to the cell death. It is a mechanism for tissue renewal, disease control etc. By directly or indirectly ways the intensity of free radical processes is associated with aging [2] .

An antioxidant system has been developed in the evolution process as a mechanism inhibiting radical damage [3] . In general, antioxidants are a large group of physiologically active compounds having enzyme [4] or low molecular weight structures [5] easily giving away an electron or otherwise chemically quenching the reactions of radicals [3] . As a rule, antioxidants are produced in the organism [6] or enter with food [7] . It is worth to note that a lot of antioxidants have aromatic 1,2-diols (catechols) structure, which accounts for their easy oxidation [8] . On the other hand, it is well known that catechols can "disassemble" a three-dimensional polymeric structure of germanium and silicon dioxides [9] : two pincer hydroxyl groups of a diol form an efficient chelating site for Ge and Si able to bite into these inert inorganic oxides transforming them in soluble monomeric and more reactive derivatives. Moreover, in case of germanium dioxide the reaction with catechol, known as Bevillard reaction [10] (Scheme 1), can be carried out at low temperature in an aqueous medium. GeO2 dissolution in water has been investigated in detail by group of Prof. P. Pichet [11] .

Here it is worth to note that biscatecholate silicon complexes are obtained with higher difficulty, but according to literature such products possess more Lewis acid activity which used in catalysis [12] . Scheme 1. Bevillard's reaction.

Generally, germanium is a physiologically active microelement that enters the body with food [START_REF] Lukevics | Biological activity of organogermanium compounds, Ch. 23[END_REF] . Compared to its congeners of the group 14, germanium and its derivatives have generally higher stability and lower tendency to hydrolysis. Several germanium derivatives are found in a number of popular dietary supplements [START_REF] Stricker | [END_REF] in spite of a growing concern about their health hazard [START_REF] Tao | Hazard assessment of germanium supplements[END_REF] . While their mechanism of action is not always clear [16] , their consumption was sometimes instigated by purely marketing reasons. The present work aims to consider the previously undiscussed effect of germanium dioxide on the antioxidant properties of high biological relevance catechols from both thermodynamic and kinetic points of view. First assessment was realized using cyclic voltammetry, a standard method for evaluation of the ease of electron release [17] through the shift of the redox potential E: ΔG = -n F ΔE Another kinetic method for assessing the antioxidant properties is based on the estimation of the reaction rate of investigated antioxidant with 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical [18] .

Results and Discussion

It was found that Bevillard's reaction can occur in the case of adrenaline as well (Scheme 2). The corresponding complex 1 was obtained by the reaction of germanium dioxide with adrenaline (in 1:2 molar ratio) in aqueous solution.

Scheme 2. Synthesis of complex 1.

The structure of complex 1 was established by IR and NMR spectroscopy and confirmed by HRMS and elemental analysis. In 1 H NMR spectra the peaks of (HO)C-H (4.66 ppm), methylene (3.02 ppm) and methyl (2.61 ppm) groups are downfield shifted compared to the starting catecholamine (CH 4.44 ppm; CH2 dd, 2.49 and 2.52 ppm, CH3 2.29 ppm), while in [START_REF] Lukevics | Biological activity of organogermanium compounds, Ch. 23[END_REF] C NMR spectra the corresponding carbon signals of aforementioned groups are upfield shifted (CH 68.47 ppm; CH2 54.94 ppm; CH3 32.69 ppm vs CH 70.68 ppm; CH2 59.61 ppm; CH3 35.71 ppm of non-coordinated adrenaline). The signals of aromatic protons are also shifted (from 6.55-6.72 ppm to 6.45-6.58 ppm). High resolution mass spectrum of the complex shows a group of peaks corresponding to the germanium species with its characteristic isotopic pattern (Fig. 1) [19] ). The antioxidant properties of complex 1 with respect to adrenaline were assessed by cyclic voltammetry in phosphate buffer solution (pH = 6.86) under the conditions close to physiological (Fig. 2). The voltammograms of adrenaline show that its anodic peak reaching the maximum at E = 0.51 V (vs. AgCl reference electrode) which correlates to strong antioxidant properties. On the reverse scan, the peak of reduction of adrenaline quinone is observed [20] (Scheme 2). At the same time, on the voltammogram of 1 (Fig. 2b) a peak at E = 0.84 V is observed. It corresponds to ca. 7.6 kcal mol -1 more difficult oxidation. Thus, according to voltammetry the interaction of adrenaline with GeO2 significantly weakens its antioxidant properties. Moreover, identical changes in the CV curves are observed when comparing the behavior of adrenaline and that of preliminarily prepared 1 (fig. 2a-b), or just adding a stoichiometric amount of GeO2 directly to the adrenaline solution (Fig. 2c).

The kinetics of the DPPH reaction with complex 1 was studied in phosphate buffer solution at pH = 6.86 (with 5% of CH3CN that was added because of poor solubility of DPPH in water). The UV spectrum of DPPH (Fig. 3) has a characteristic maximum at λmax = 530 nm in the visible region. In the presence of two-fold molar excess of adrenaline, the intensity of the aforementioned peak decreases by about 10 times after 30 seconds, illustrating strong antioxidant properties of adrenaline. A similar decrease is also observed in the presence of complex 1 but this time it took more than 4 minutes to attain the same effect. Kinetic analysis of quenching DPPH radicals with these antioxidants shows the rate constant decrease from (3.23 ± 0.07)10 3 to (3.80 ± 0.20)10 2 L mol -1 s -1 , i.е. by almost 10 times when passing from adrenaline to its germanium complex 1. Thus, the interaction with GeO2
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Electron releasing ability of aromatic compounds, characterized by their redox potentials is strongly influenced by electronic properties of the substituent in the ring. Since adrenaline is a donor-substituted catechol, we were interested to investigate the effect GeO2 on the antioxidant properties of catechols with electron-withdrawing substituents. We have chosen for this purpose a catechol containing an aldehyde group at the 4-position of the benzene ring, 3,4-dihydroxybenzaldehyde. It turned out that as in the previous case the Bevillard's reaction takes place efficiently and with a high yield (scheme 3).

Scheme 3. Synthesis of complexes 2 and 3.

The structure of complex 2 was confirmed by elemental analysis, IR and NMR spectroscopy, and HRMS. By close analogy to complex 1, the 1 Н NMR spectra of 2 show the peaks of aldehyde group (9.66 ppm) as well as of aromatic ring protons (6.82, 7.11 and 7.22 ppm) to be shifted compared to the corresponding peaks of the starting cathechol (9.73 ppm for aldehyde group and 6.95, 7.28 and 7.30 ppm for aromatic protons). Similar changes are observed in [START_REF] Lukevics | Biological activity of organogermanium compounds, Ch. 23[END_REF] С NMR spectra. HRMS (negative ion mass spectrum) of 2 reveals the signals corresponding to its dianion unit (Fig. 4). The redox properties of 3,4-dihydroxybenzaldehyde and its germanium complex 2 were studied by cyclic voltammetry in phosphate buffer at pH = 6.86. On the cathechol's voltammograms anodic peak reaches the maximum at E = 0.57 V (Fig. 5). Unlike adrenaline, 3,4dihydroxybenzaldehyde does not have any reduction peak that could be attributed to the reduction of its quinone, which stems form the difference in the oxidation mechanisms of the two catechols. 
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The oxidation of 2 begins approximately 360 mV more positive than the initial catechol. The peak has a potential of 0.93 V. As in the previous case, the shape of the curve of the synthetically obtained sample 2 and the curve obtained after adding the stoichiometric amount of GeO2 directly to the catechol solution are identical. Comparative kinetics of the reaction of 3,4dihydroxybenzaldehyde and complex 2 with DPPH also showed a significant weakening of catechol antioxidant properties in the presence of GeO2 (Fig. 6). Whilst the catechol causes the concentration of the radical to drop more than 10 times within20 seconds, similar effect with 2 takes almost 4 minutes, which corresponds to the decrease in the rate constants from (4.40 ± 0.20)10 3 to (4.45 ± 0.25)10 2 L mol -1 s -1 . Bevillard's reaction lead to formation of hexacoordinated adducts in the presence of bases (Scheme 1). So the reaction of GeO2 with 3,4-dihydroxybenzaldehyde in molar ratio 1:3 followed by adding of two equivalents of Et3N leads to product 3. The obtained compound has been characterized by IR, NMR spectroscopy and mass-spectrometry. Attesting the complexation with Ge, the O-H vibration modes are absent in the IR spectra of 3. The signal of the proton of aldehyde group in the 1 H NMR spectrum of 3 (9.50 ppm) is upfield shifted compared to the non-coordinated 3,4-dihydroxybenzaldehyde (9.73 ppm). The signals of aromatic ring protons of 3 (6.49, 6.76 and 7.01 ppm), similarly to the corresponding protons in 2, are also upfield shifted compared to initial catechol (6.95, 7.28 and 7.30 ppm), see Fig. 7. In addition, the signals of triethylammonium cation protons are observed at higher fields (1.18 and 3.04 ppm). The voltammograms of 3 are very close to those of the bisadduct 2 (Fig. 5) (in all the cases presented, the results obtained with the ratio of the concentrations of catechol, bis-and trisadducts 3:1.5:1 are given). The spectrophotometric study of the kinetics of reaction 3 with DPPH (Fig. 6) showed the rate constants very close (practically equal within the experimental error) to those with 2. Thus, germanium is equally capable to bind both two and three molecules of the catechol with an ), (top, right) 3,4-dihydroxybenzaldehyde-germanium bis-(0.1 mmol L -1 ), (bottom, left) tris-adduct (0.067 mmol L -1 ) and (bottom, right) kinetic curves of interaction of compounds 2, 3 and 3,4-dihydroxybenzaldehyde with DPPH. almost equivalent effect in reducing the antioxidant activity of the latter.
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Conclusions

According to cyclic voltammetry and UV-Vis spectrophotometry, more difficult electron release and tenfold decrease reaction rates of catechols with DPPH free radical were found in the presence of GeO2. This study demonstrates that the presence of GeO2 in aqueous buffer solution at room temperature and at the pH close to physiological provokes a significant decrease of catechols antioxidant activity irrespectively the nature (donor/acceptor) of the substituents in their aromatic ring. Together with the previous work devoting Ge food supplements as "antioxidant agents", these results can be considered as an alert that the uncontrolled uptake of germanium preparations might interfere with other functions of adrenaline and related biologic catechols as well. We hope that the present work would incite further study in this direction and help to make clear this so far unexplored aspect.

Experimental Section

GeO2 was purchased from "Germanium and Applications Ltd" (DG-B, TY 1774-001-95961127-2010, batch #117). Adrenaline and 3,4dihydroxybenzaldehyde (Aldrich) were used without further purification. The solvents were purified by standard methods [START_REF] Perrin | Purification of Laboratory Chemicals[END_REF] . Buffer solutions (pH = 6.86) were purchased from Ecroskhim and dissolved in 1 L of distilled water before use. Thus prepared solution contained 3.389 g of KH2PO4 and 3.533 g of Na2HPO4.

1 H NMR (300 MHz) and [START_REF] Lukevics | Biological activity of organogermanium compounds, Ch. 23[END_REF] C NMR (75 MHz) spectra were recorded on a Bruker AM300 spectrometer in DMSO at ambient temperature using tetramethylsilane as an internal standard. FTIR spectra of the complexes were recorded on a BRUKER Vertex-70 FTIR spectrometer. Elemental analysis was done using an elemental Vario EL Element Analyzer. UV-Vis spectra were registered with Agilent 8453 instrument using a 10 mm quartz cell. Cyclic voltammetry was carried out using a PC-piloted digital potentiostat IPC-Pro-MF (Econix). A standard thermostated (T = 25 ± 0.5 °С) 10 ml electrochemical cell was used in a three-electrode configuration. As a working electrode, GC (1.7 mm) disk was used, polished before each run; a Pt wire was used as an auxiliary electrode. The potentials are referred to the AgCl/KClsat electrode separated from the analyte by an electrolytic bridge filled with the same solution. In order to avoid any interference with the atmospheric oxygen, all measurements were carried out under argon.

High resolution mass spectra (HRMS) were measured on a Bruker micrOTOF II instrument using electrospray ionization (ESI) [START_REF] Tsedilin | [END_REF] . The measurements were done in a positive ion mode (interface capillary voltage 4.5 kV) or in a negative ion mode (3.2 kV); mass range from m/z 50 to m/z 3000; external or internal calibration was done with ESI Tuning Mix, Agilent. A syringe injection was used for the solutions in acetonitrile/water 1:1 (flow rate 3 µL/min). Nitrogen was applied as a dry gas; the interface temperature was set at 180 o C.

General synthetic procedure Complex 1:

GeO2 (0.103 g, 0.1 mmol) and adrenaline (0.358 g, 0.2 mmol) were placed in 30 mL H2O. The reaction mixture was then stirred with a magnetic stirrer for 8 hours. After then, the solution was concentrated on a rotary evaporator and 0.324 g (76%) of a colourless precipitate was obtained by prolonged cooling. Anal. calc. for C18H22GeN2O6: C, 49.70;H, 5.10;Ge, 16.70. Found: C, 48.86;H, 5.67;Ge, 16.01. FTIR (KBr, cm -1 ): 442w, 651m, 774w, 811m, 865w, 1067w, 1119w, 1165w, 1249s, 1432s, 1491s, 1602w, 1637w, 3416m. 1 H NMR (300 MHz, DMSO, δ, ppm): 2.61 (s, 3Н, CН g

3); 3.02 (d, 2H, CH e-f 2, J = 8.25 Hz); 4.66 (dd, 1Н, CН d , J(H d-e ) = 8.3 Hz, J(H d-f ) = 4.3 Hz); 6.45-6.58 (m, 3H, Harom). [START_REF] Lukevics | Biological activity of organogermanium compounds, Ch. 23[END_REF] C NMR (50 MHz, DMSO, δ, ppm): 32.69 (CH g 3); 54.94 (CH e-f 2); 68.47 (CН d ); 108.56; 110.20; 110.34; 134.53; 142.25; 143.33.

Complex 2:

GeO2 (0.02 g, 0.25 mmol) and 3,4-dihydroxybenzaldehyde (0.07 g, 0.5 mmol) were added to 30 mL H2O. The reaction mixture was heated on a magnetic stirrer for 2 hours. After then, water was distilled off using rotary evaporator and the obtained residue has been washed 2 times ( 10 ml) with acetone to give 78 mg (91%) of 2 as a colorless powder. Anal. calc. for C14H8GeO6: C, 48.76;H, 2.34;Ge, 21.06. Found: C, 48.86;H, 2.27;Ge, 20.86. FTIR (KBr, cm -1 ): 1648s, 1592s, 1572m, 1491s, 1447s, 1408w, 1345w, 1273s, 1231m, 1160w, 1121m, 971w, 927w, 891w, 835m, 814m, 770m, 701m, 625m, 593w, 575w, 443w. 1 H NMR (300 MHz, DMSO, δ, ppm): 6.82 (d, 1Н, Н С , J = 7.73 Hz); 7.11 (s, 1Н, Н В ); 7.22 (d., 1H, H D , J = 7.73 Hz); 9.66 (s, 1Н, Н А ). 13 C NMR (300 MHz,DMSO,δ,ppm): 109.69;111.81;125.21;128.31;149.38;156.22;191.37 

(-С(O)H).

Complex 3:
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Figure 1 .

 1 Figure 1. A fragment of the ESI-HRMS (positive ions) spectrum of 1 in H2O/CH3CN (1:1): (top) experimental, (bottom) calculated.

Figure 2 .

 2 Figure 2. (a) Oxidation of adrenaline (2 mmol L -1 ), (b) adrenalinegermanium complex 1 (1 mmol L -1 ), and (c) adrenaline-GeO2 mixture (2 + 1 mmol L -1 ) at a glassy carbon (GC) disk electrode (d = 1.7 mm) in phosphate buffer (pH = 6.86). Scan rate v = 0.1 V s -1 . T = 298 К.

Figure 3 .

 3 Figure 3. UV spectra of DPPH (0.1 mmol L -1 ) in phosphate buffer (pH = 6.86) in the presence of (left) adrenaline (0.2 mmol L -1 ), (centre) adrenalinegermanium adduct (0.1 mmol L -1 ) and kinetic curves (right) of interaction of compound 1 and adrenaline with DPPH.

Figure 4 .

 4 Figure 4. Fragments of the ESI-HRMS negative ion spectrum of 2 in H2O/CH3CN (1:1): (top) experimental, (bottom) calculated.

Figure 5 .

 5 Figure 5. (a) Oxidation of 3,4-dihydroxybenzaldehyde (2 mmol L -1 ), (b) 3,4dihydroxybenzaldehyde-germanium bis-2 (1 mmol L -1 ), (c) tris-adduct 3 (0.67 mmol L -1 ) GeO2 (1 mmol L -1 ), and (d) oxidation of 3,4-dihydroxybenzaldehyde (2 mmol L -1 ) after 5 min of stay in the presence of GeO2 (1 mmol L -1 ). GC disk electrode (d = 1.7 mm), phosphate buffer (pH = 6.86), scan rate v = 0.1 V s -1 , T = 298 К.

Figure 6 .

 6 Figure 6. UV spectra of DPPH (0.1 mmol L -1 ) in phosphate buffer (pH = 6.86) in the presence of (top, left) 3,4-dihydroxybenzaldehyde (0.2 mmol L -1

Figure 7 . 1 Н

 71 Figure 7. 1 Н NMR spectra of 2 (line) and 3 (dotted line) in DMSO (300 МHz, 298 К).
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