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Electrochemical reduction
of 3,37-bi(2-R-5,5-dimethyl-4-oxopyrrolinylidene)-1,1"-dioxides
in water and its binary mixtures with acetonitrile*

L. A. Shundrin,* N. V. Vasilieva, I. G. Irtegova, and V. A. Reznikov

N. N. Vorozhtsov Novosibirsk Institute of Organic Chemistry,
Siberian Branch of the Russian Academy of Sciences,
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It has been shown by cyclic voltammetry for the first time for nitrons that the first step of
electrochemical reduction of 3,3"-bi(2-R-5,5-dimethyl-4-oxopyrrolinylidene)-1,1"-dioxides
in water and its binary mixtures with acetonitrile is a reversible one-electron process. The
potentials of the first one-electron reduction peaks shift toward less negative values with an
increase in the water content in the binary mixture, being in water equal to —0.14, —0.09,
—0.08, and +0.19 V vs. saturated calomel electrode for dinitrons with R = Me, Ph, Bu', and
CFj, respectively. Such very low reduction potentials allow one to use derivatives of these
dinitrons as redox-active labels in applied bioorganic electrochemistry.
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We have earlier! described for the first time the elec-
trochemical behavior of a new class of heterocyclic
nitrons, viz., 3,3"-bi(2-R-5,5-dimethyl-4-oxopyrrolinyl-
idene)-1,1"-dioxides 1—4, with a very high electron-with-
drawing ability prone to the formation of stable molecular
ions in aprotic media. The electrochemical reduction of
dinitrons 1—4 is an EE-process with two reversible elec-
tron-transfer steps. The potentials of the first one-elec-
tron peaks of electrochemical reduction of dinitrons 1—4
(Epcl) in MeCN are rather low in absolute value and
comparable with the corresponding potentials of the stron-
gest organic electron-acceptors.! The nature of the R sub-
stituent (except for CF3) exerts no substantial effect on
the potentials of electrochemical reduction: their values
for dinitrons with R = Me, Ph, and Bu! almost coin-
cide.!2 In this work, we studied the first steps of electro-

R =Me (1), Ph(2), Bu'(3), CF3 (4)

* Dedicated to the memory of Academician N. N. Vorozhtsov
on the 100th anniversary of his birth.

chemical reduction of compounds 1—4 in water and its
binary mixtures with MeCN.

Experimental

Dinitrons 1—4 were synthesized by the oxidative dimeriza-
tion of the starting pyrrolinones according to a described proce-
dure.3 Their structures were confirmed by 'H NMR, IR, and
UV spectroscopy data. The spectral characteristics coincide with
the earlier published values.3

Dinitrons 1—4 were studied by cyclic voltammetry using an
CVA-1BM electrochemical system (Bulgaria) equipped with a
LAB-MASTER polyfunctional interface (Novosibirsk Institute
of Nuclear Physics), which allows the complete digital control
of the system to be performed. Measurements were carried out
in the triangular pulse mode of the potential sweep at the rate
v = 0.1 Vs~L. A standard electrochemical cell with a working
volume of 5 mL connected to the system via the three-clectrode
scheme was used. The working electrode was a stationary plati-
num spherical electrode with a surface area of 8 mm2. The
auxiliary electrode was a Pt helix, and the reference electrode
was an aqueous saturated calomel electrode (SCE). The sup-
porting electrolyte was LiClO, (0.1 mol L='). The CV curves
were recorded in MeCN—H,0 binary mixtures of variable com-
position, and oxygen was removed by purging argon through the
working solution. The concentration of depolarizers was 1+ 103
mol L~! for mixtures with a high content of MeCN, whereas
saturated solutions of depolarizers with equilibrium (for the cor-
responding composition of the mixture) concentrations were
used in mixtures with the volume fraction of MeCN lower
than 0.5.
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Results and Discussion

Among dinitrons 1—4, methyl-substituted com-
pound 1 is most water-soluble. In a saturated aqueous
solution containing the supporting electrolyte LiClO,4
(0.1 mol L1y at 25 °C, its concentration (~6-10~*
mol L1 is sufficient for the direct CV study of electro-
chemical reduction. Due to a lower solubility, the elec-
trochemical reduction potentials of dinitrons 2—4 in wa-
ter were determined by the extrapolation method, starting
from the dependences of the reduction potentials on the
water content in MeCN—H,O binary mixtures. The same
dependence was obtained for comparison for dinitron 1.

The transition from the Et,NCIO, supporting electro-
lyte (see Ref. 2) to LiClOy, shifts the potentials of the first
cathodic peaks (E,°1) measured? in MeCN by 0.1V, on
the average, toward less negative potentials.* The diffu-
sion nature and reversible one-electron character of the
first reduction peak are retained upon this transition. The
region of reduction potentials accessible for measurement
in MeCN—H,O binary mixtures is 0.5 V> E > —1.1 V
and restricted by the potential of water discharge on Pt
under these conditions. When the water content in the
binary mixture increases, the potentials of the first reduc-
tion peaks of compounds 1—4 shift toward less negative
values (Fig. 1), reaching in water very low values (Table 1).
In all cases, the first peaks are one-electron and reversible
in the whole range of compositions of MeCN—H,0 mix-
tures. The plots of the potentials of the first reduction
peaks vs. MeCN content in the mixture are linear and
described by the regressions in the form

Epcl = EpCI(HZO) +A4- VMeCN7 (1)

where Epcl(HZO) is the potential of the first cathodic
peak in the CV curve in water, Vy.cy is the volume frac-
tion of MeCN, and r is the correlation coefficient. The
regression parameters 4 and r are given in Table 1. Unlike
dinitrons 1—3, on going from MeCN to H,O the poten-
tial of the first reduction peak of trifluoromethyl deriva-
tive 4 lies in the region of positive values vs. SCE.

Note that the second reversible reduction peak dis-
tinctly seen in MeCN for dinitrons 1—4 (C,) and related
to the formation of the corresponding dianions (see
Fig. 1, a) becomes quasi-reversible (see Fig. 1, ) upon
the addition of even small amounts of H,O (~2%),
El[,C2 shifts to the region of less negative values, and the
limiting current of the second peak decreases appreciably
compared to a similar value for the first peak with an
increase in the water content. For 0 < Vj;.cn < 0.5, the
second peak disappears (see Fig. 1, ¢). Elucidation of a
reason for the sharp decrease in the limiting current of the

* For dinitrons 1—4 the EpC1 values in MeCN are —0.58, —0.55,
—0.52, and —0.18 V, respectively (vs. SCE at the Pt electrode in
a 0.1 M solution of Et,;NCIO,, v =0.1 Vs~).
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Fig. 1. Cyclic voltammograms of dinitron 1 in MeCN (a),
MeCN—H,0 binary mixture (Vy.cn = 0.98) (b), and H,O (c)
(v =0.1Vs~!, supporting electrolyte 0.1 M solution of LiC10).

second peak (ipc2) with an increase in the water content is
beyond the present report and will be considered else-
where.

The result is unexpected: for the first time for com-
pounds of the dinitron series we succeeded to observe the
reversible one-electron process in the first step of their
electrochemical reduction in aqueous solutions and bi-
nary mixtures of the aprotic solvent—water type.
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Table 1. Parameters of the linear dependences of the potentials
of the first reduction peaks of dinitrons 1—4 (Epcl) on the vol-
ume fraction of acetonitrile in MeCN—H,O binary mixtures?

(see Eq. (1))

Compound E,€1(H,0) —A r
A\

1 —0.13 0.35 0.998

2 —0.09 0.33 0.998

3 —0.08 0.32 0.998

4 0.19 0.52 0.989

4 Potentials vs. SCE at the Pt electrode in a 0.1 M solution of
LiClO ;v =0.1 Vsl

5 The potential of the first reversible one-electron reduction
peak measured directly in H,O at the Pt electrode is —0.14 V
vs. SCE in a 0.1 M solution of LiClO4 at v = 0.1 Vs~

The corresponding values of the potentials of the first
peaks of electrochemical reduction of dinitrons 1—4 in
water are rather low and close to the redox potentials of
the ferrocene derivatives, which are widely used in the
recent time as redox-active labels in electrochemical de-
tection of nucleic acid hybridization,45 particularly, for
the development of DNA-microarrays with electrochemi-
cal detection of hybridization.® We believe that the
dinitron derivatives, which possess low potentials of elec-
trochemical reduction and contain appropriate active
groups (substituents) capable of binding with DNA, can

be rather efficient redox-active labels for the electrochemi-
cal detection of DNA hybridization when the double DNA
chain undergoes no irreversible destruction. Our further
studies will be focused on the development of this di-
rection.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 06-03-
32859-a).
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