bisector of angle 0—5—0. The result obtained by Wrobel and co-workers {3] is evidently ex-
plained by the fact that the calculations of the geometrical structure were carried out us-~
ing an insufficient number of starting parameters.

Thus the use of lanthanide shift reagents for the analysis of the PMR spectra of thio-
lene 1,1-dioxides makes it possible to simplify the spectra and to establish the preferred
conformation of compounds in solution when data on the induced shifts for a sufficient num-
ber of magnetic nuclei are available.

EXPERIMENTAL

The PMR spectra of 0.2 mole/liter solutions of the substrate in CDCl,; were recorded
with a Tesla BS-487B spectrometer (80 MHz). The lanthanide shift reagent was introduced
into the solutions in powdered form in successive portions up to a reagent/substrate molar
ratio of 0.6, and the PMR spectrum was measured each time. The location of europium in the
adducts was calculated with an SM-1 computer by means of the DINIYa program [6].
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ELECTROCHEMICAL MODELING OF THE OXIDATIVE DEHYDROGENATION OF 4H-THIOPYRANS

I. M. Sosonkin, A. N. Domarev, UDC 547.818:541.138.2
N. I. Kozhevnikova, and V. G. Karchenko

The oxidation of substituted 4H-thiopyrans on a rotating platinum disk electrode
with a ring in acetonitrile was accomplished for the first time. It was estab-
lished that the dehydrogenation of both tri- and pentasubstituted thiopyrans pro-
ceeds via a scheme involving the successive transfer of an electron, a proton,
and an electron (an EPE process); 4H-thiopyrans are oxidized more readily than
the corresponding oxygen analogs.

Up until now, the electrochemical oxidation of 4H-thiopyrans has not been studied. In
order to study the effect of a sulfur atom in the heteroring we investigated the electrochem-
ical behavior of these compounds. )

We selected 2,4,6-triphenyl- (I) and 3,5-dimethyl-2,4,6-triphenyl-4H-thiopyran (I1) as
the subjects of our investigation due to the fact that, as shown in [1], as a consequence of
the presence of methyl substituents in the C(s) and C(s) positions of the heteroring of IT,
its dehydrogenation in acidic media is realized via a different mechanism than that in the
dehydrogenaticon of thiopyran I. In analogy with other heterocyclic compounds, one might
have expected that cations with both retention [2] and elimination [3] of the substituent
in C(s) position can be formed in the electrochemical oxidation of thiopyrans I and II. We
therefore initially studied the electrochemical reduction of thiopyrylium cations III-VI —
possible products of the oxidation of thiopyrans I and II —on a rotating platinum disk
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TABLE 1. Electrochemical Reduction of Thiopyrylium Cations on
a Rotating Disk Electrode with a Ring in Acetonitrile®

Elec- |.R v

=

Eipo Vi BA | 5 (0o

Compound trode | const’
X D —_ —-020] 222 1,0 —
| +

pn” 57 e R +ol | — - | -1 -

Ph D — -027| 205 10 | —

N
/ﬁ)\ R +0,03] —028 24 — | 100

Moo M0 D — -037 212 | 10 | —
I
pn” >s7 PR R —0,07 - - — | -
v
Ph D — | —o045| 198 10 | —

Me Me
S
]{"}I R —0,12 —0,47 2,0 — 85
8 Ph

*Here and subsequently, the potentials are the values rela-
tive to an aqueous saturated calomel electrode.

TABLE 2. Results of Electrochemical Oxidation of 4H-Thiopy-
rans I and II on a Retating Platinum Disk Electrode with a
Ring in Acetonitrile

EleC': E v _
Compound trode [Eooneer V 172 Um™ | &
TH D R +1,25 390 | 18 | —
I R ER=+407 | +118 005 = | 05
o R ER—_06{ +126 44 | — 188
JI\ ﬂ R ED=415 | —-0,16* 27 | — lis
Ph” s 7 pn -0,29t 2,5 — | 98
1
Ph D R~ 41,13 365 | 1,8 | —
e  Me R | Ep=+07 - — | = | =
- R ER=_06 | +1,14 40 | — |182
l l\ R ED=tia | —016* 23 | — 105
ph” 87 ph —0,47% 27 | — |13
18

*First wave.
t+Second wave.

electrode with a ring in acetonitrile. The results are presented in Table 1. It is appar-
ent from Table 1 that cations IV and VI, which contain a phenyl substituent in the 4 posi-
tion, are reduced reversibly to the corresponding radicals with the transfer of one electron;
the triphenyl~substituted thiopyranyl radical, which is formed in the reduction of cation IV,
is the most stable radical, as evidenced by the coefficient of the yield with respect to the
current (Q, Table 1) [4]. The one-electron reduction of cations III and V is most likely
accompanied by subsequent fast dimerization, since waves of oxidation of the corresponding
radicals are absent when the voltammetric curves are recorded on a ring electrode. It should
be noted that the investigated cations III-VI do not undergo oxidation within the limits of
discharge of the inert electrolyte.

The electrochemical oxidation of thiopyrans I and II on a rotating platinum disk elec-
trode with a ring in acetonitrile takes place in one two-electron step, and other waves are
not observed up to discharge of the inert electrolyte (Table 2); in the case of thiopyran I
a wave of reduction of its cation-radical is recorded on the ring (the constant potential
of the ring corresponds to the foot of the wave of oxidation on the disk). The cation-radi-
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cals of thiopyran II are much less stable, and a wave of their reduction on the ring is
absent. An overall wave of reduction of the cations and protons (Q, Table 2) is recorded

at a constant ring potential corresponding to the beginning of the plateau of the limiting
current of the reduction of cations III-VI on the ring electrode for both thiopyran I and
thiopyran II., Recording of the polarization curves on a ring electrode with a constant disk
potential corresponding to the beginning of the plateau of the limiting current of the oxida-
tion of thiopyrans I and II showed that two waves are observed in both cases. The first one
corresponds to reduction of the protons (—0.16 V, Table 2), and the second one corresponds
to reduction of the thiopyrylium cation with a substituent in the 4 position of the hetero-
ring (IV and VI, respectively)., It follows from these results that the oxidation of thio-
pyrans I and IL proceeds via the following scheme:

Fl’h
R R

—e , + e - A

LII -5 !‘ PR ]+/
rn” .‘ ’ Ph Ph Ph \'S Ph

L 1V R=H; 1M, VI R-CH v, vI

The mechanism of the oxidation does not change when substituents are introduced in the
3 and 5 positions of the heteroring and is realized with the successive transfer of an elec-
tron, a proton, and an electron (an EPE process), as observed for other heterocyclic compounds
[2, 5]. It should be noted that triphenyl-substituted thiopyran T is oxidized 0.16 V more
readily than the corresponding oxygen analog and triphenyl-substituted thiopyrylium cation IV
is reduced 0.15 V more readily than the corresponding oxygen analog [2]-

EXPERIMENTAL

The conditions of the electrochemical experiment were described in [3]. The rate of
revolution of the disk electrode with a ring was 2660 rpm, and the coefficient of efficiency
was 0.12. The number of electrons transferred (n) was determined by comparison with the one-~
electron wave of the reduction of cation IV starting from the assumption that the coefficients
of diffusion of the depolarizer are inversely proportional to the square root of the molec-
ular mass. The wave of the reduction of HC10,, the potential of which in acetonitrile ranges
from —0.06 to ~—0.17 V [6], was recorded to identify the protons formed in the oxidation of the
thiopyrans.

Thopyrans I and II were obtained by the methods in [7], and thiopyrylium perchlorates
III~-VI were prepared by the methods in [7, 8].
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