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ELECTROCHEMICAL OXIDATION
OF VARIOUS ORGANIC n-ELECIRON SYSTEMS

The comparative studies of the series of organic
TT-electron system have been carried out using the cyclic
voltammetry. The aim of this work was to generate free ra-
dicals from some organic compounds under study, and then to
detect them with using the cyclo-voltammetric methods. There-
fore the following compounds have been oxidized: anthracene,
triptycene, p-terphenyl, 1,8-dihydroxy-9-anthrone, 9-anthrone,
azobenzene, 4,4°-dimethylazobenzene, 4,4’°-di-tert-butylazo-
benzene, 2,5-dimethyl-1,3,4-thiadiazole, 2,5-di-tert-butyl-
-1, 3 ,4-thiadiazole, and N,N,N”,N’-tetramethyl-p-phenylenedia-
mine. 1 have been encouraged to carry out this work, since
only a few occasional works using ESR have so far been performed
for some of these compounds [I, 2] . This novel ESR study has con-
firmed that anthracene, triptycene, p-terphenyl and azoben-
zene are apt to form free radicals in their solutions in di-
chloromethane. Additionally, only the voltammetric results
could enable to arrange the studied compounds in some order
fairly parallel to their oxidation potentials, which reflect
their ability to be oxidized to free radicals.

Several values of the oxidation potentials for anthracene in
various solvents have been reported. For example, Swanholm
[31 has found that its oxidation potential (Egx) is equal
to 1.31 V (vs SCE) 1in CH2C12> whereas Hammerich [4] has
reported value of Egqx = 1.40 V (vs SCE) in CH2C1l2.

Only an occasional work has been done on the electrooxidation
of azo compounds. Florence [5 has reported that azobenzene
dissolved in 5% ag. methanol is not oxidized over the potential range
of the pyrolytic graphite electrode (1.2 V vs SCE), and the strongly



electron-releasing groups, such as NCCH~™ and DH, must be
present to obtain in such system an oxidation wave as well as
that such compounds undergo a 2-electron oxidation. This result
is iIn agreement with other works [6].- There are no available li-
terature data about oxidation of terphenyl. Parker et al.
[7] have compared the properties of several p,p’-dimethoxypoly-
phenyls, with including p,p’-dimethoxyterphenyl, using the vol-
tammetric method. He found the first charge transfer for those
compounds to be a quasi-reversible one-electron with the peak
separation being slightly greater than 60 m V. Also the second
oxidation step, from a cation radical to a dication, was reversible
for all the compounds. Parker found the following oxidation
potentials for p,p’-dimethoxyterphenyl measured in the mixture
composed of CI~C~ - TFAn - TFA(45 : 5 : 1) Ep, an® = 1,65 V (vs
SCE). Hand et al. [8] have explained the marked stability
of cation radicals formed from N,N,N”,Ntetramethyl-p-phenylene-
diamine in acetonitryle as the result of the strong delocalizing
power of the second dimethylamino group. Zw e i g [9] has re-
ported the polarographic half-wave oxidation potential of the
aforementioned p-phenylenediamine in acetonitryle, at a rotating
platinum electrode, to be equal to

El/2 = - 0.10 V vs Ag/0.01 M Ag+

Although it is well recognized that the pharmacological
activity of most natural or synthetic anthraquinones involves
the corresponding anthrones, their way of action is not yet
understood. Among these compounds, anthralin (1,8-dihydroxy-9-
-anthrone) is of particular interest [10], as it 1is one of the
chief drugs in the up-to-date treatment of psoriasis and related
skin deseases.

EXPERIMENTAL

The cell used for the voltammetry was a two-compartment vessel
with working and counter electrodes in one chamber, and separat-
ed from chamber of the reference electrode by a sintered glass.



Platinium gauze electrode was used as the working electrode in
all measurements. Ag/Agf saturated electrode was used as the
reference electrode in the CH2C12 - TFA - TFAn (23 : 1 : 1) mix-
ture and 0.1 M Bu”~NBF~ as a supporting electrolyte. This mixture
was chosen as the best one to maintain optimum conditios for
recording the well-resolved voltammograms. The symbols used above
indicate, respectively:

TFA - trifluoroacetatic acid,

TFAn - trifluoroacetatic anhydride.

Only for N,N,N”,N’-tetramethyl-p-phenylenediamine, azobenzene
and 9-anthrone the voltammograms were recorded 1in acetonitryle.
Ag/0.1 M Ag+ was used here as the reference electrode, and 0.1 M
LiClI0M as a supporting electrolyte. AlIl the measurements were
carried out using a PG-30-1 A potentiostat (with [IRe compensa-
tion) with a linear sweep generator [I11]. Also all voltammograms
of the studied compounds were recorded with the a voltage sweep
rate equal to 100, 200, 300, 400, 500 and 600 mV s ™ at 298 +
0.2 K.

Dichloromethane was stored over P205 for few hours, and, then
it was redistilled twice, 4,4°-di-tert-butylazobenzene, 4,4" -di-
methylazobenzene, 2,5-dimethyl-1,3,4-thiadiazole and 2,5-di-
-tert-butyl-1,3,4-thiadiazole were synthesized by the known
methods [12J . Other compounds listed below were commercially
available, and they were wused without any further purifi-
cation.

RESULTS AND DISCUSSION

The following values of the anodic half-peak potentials (Ep,
a/2) have been foud for the studied pi-electron systems in the
mixture made of CH2C12 - TFA - TFAn (23 : 1 : 1) on the platinum
electrode (sweep rate, 200 mV/s); Ag/Ag was used as a reference
electrode.



Table 1

Ep, a/2
anthracene 0.67
triptycene 1.35
p-terphenyl 1.10
azobenzene 1.28
4,4”°-dimethylazobenzene 1.40
4,4°-di-tert-butylazobenzene 1.41
1,8-dihydroxy-9-anthrone «1.33
2,5-di-tert-butyl-1,3,4-thiadiazole 1.65
2,5-diinethyl-1,3,4-thiadiazole 1.69

c = 1.0 mM.

The following values of the anodic half-peak potentials (Ep,
a/2) have been found in acetonitryle for the studied compounds
vs Ag/0.1 M Ag+. Sweep rate 200 mV/s.

Table 2

Ep, a/2
N,N,N”,N’-tetramethyl-p-phenylenediamine -0 28
9-anthrone 1091
azobenzene 1 38
c = 1.0 mMm.
Only for anthracene in the - TFA - TFAn (23 : 1 : 1)

mixture containing Bu~NBF~i0.l1 M), and for N,N,N”,N’-tetramethy1-
-p-phenylenediamine in CHjCN containing LiCIO~CO.1 M), the re-
versible one-electron oxidation peak were observed. Voltammo-
grams for all other compounds do exibit the irreversible or, as
for azobenzene, the quasi-reversible oxidation peaks. On the



reverse scan, merely for anthracene, N,N,N”,N’-tetramethyl-p-phe-
nylenediamine, p-terphenyl and the azobenzene, the reduc-
tion peaks were observed. There was no temperature effect on a
shape of the voltammograms under study as well (drastic decrease
in temperature had not improved their shape). Full explanation
of these effects requires further studies. The anodic oxidation
of anthracene has extensively been studied by other authors
[13-15], and it has been used as a model compound in order to
establish the one-electron oxidation pathway of aromatic hydro-
carbons in aprotic media.

Similarly, 1in our work we have used anthracene as the model
compound. The value of the anodic peak potential measured by us
in the CH-C~ : TFA : TFAn (23 : 1 : 1) mixture in reference to
the silver chloride electrode is equal Ep, a/2 = 1.15 V. This
potential 1is close to values reported by SwanhoO1lnmn [2].
The value of the anodic half-peak potential Ep, a/2 = 0.67 V
listed in Tab. 1 was measured in reference to the silver electrode
(Ag/Ag+ saturated). Ep, a/2 is much lower for anthracene than for
triptycene and p-terphenyl. It indicates that it is much easier to
from a free cation radical from anthracene than from other two
hydrocarbons.

Similarly as Par ker [17] for p,p’-dimethoxyterphenyl
I have observed also the two-step oxidation of terphenyl the
shape of waves corresponding to these two steps differ con-
siderably for each of them. Only for the first of them the cation
reduction peak was observed. But the quotient of the cathodic
and the anodic peak currents was lower than unity (ic/ig). It
indicates that the electrochemical oxidation is followed here Dy
a chemical reaction. The half-peak potential found for triptycene
equals to 1.35 V (vs Ag/Ag+ saturated).

It was quite interesting to compare the ability to be oxi-
dized to the cation radicals of discussed above three hydrocar-
bons with 9-anthrone and 1,8-dihydroxy-9-anthrone. The fact that
anthralin and anthrone are able to from free radicals was con-
firmed by earlier studies [10].

I have found for 1,B-dihydroxy-9-anthrone Ep, a/2 = 1.33 V
(vs Ag/Ag+ saturated). The half-peak potential for anthrone was
so high (it was close to the decomposition potential of the mixed



azobenzene 4,4" -di-methylazobenzene 4,4-di-tert-butylazobenzene

Vvs Ag/Ag+ VvsAg/Ag + VvsAg/Ag +

Fig. 1

solvent CH2C12 : TFA : TFAn) that it was necessary to repeat the
measurements in acetonitrile containing LiCIO®iO.1 M). Ep, a/2
was found to be equal to 1.91 V (vs Ag/0.1 M Ag+). New results
would indicate that interaction between the C-H bond in position
10 for 1,0-dihydroxy-9-anthrone is much weaker than for 9-anthrone.

It is also known that the increase in the activity against
psoriasis for different anthrons is arranged according the follow-

ing order: 9-anthrone, I-hydroxy-9-anthrone, 1,8-dihydroxy-9-
-anthrone. We have also observed considerable differences between
azobenzene and its 4,4’-disubstituted deriveratives . Only for

azobenzene in the CH2C12 : TFA : TFAn mixture the one-electron
quasi-reversible oxidation peaks were observed, whereas for other
two compounds under study the oxidation peaks were irreversible
(see Fig. 1).

Also their oxidation potentials differ considerably. Ep,
af2 = 1.28 V (vs Ag/Ag+ saturated) for azobenzene. The oxidation
half-peak potentials for 4,4°-dimethylazobenzene and for 4,47-di-
-tert-butylazobenzene are equal to 1.40 V and 1.41 V (vs Ag/Ag+



saturated), respectively. The difference between azobenzene and
its derivatives can be explained as the result of greater stabi-
lity of the azobenzene cation vradical than those obtained from
two other compounds. Similarly, the ESR measurements carried out
in the analogous to my mixture [2], in conjuction with the elec-
trolysis, proved that it was much easier to obtain well-resolved
spectrum for azobenzene than for its 4,4°-disubstituted derivati-
ves. The anodic half-peak potential was also found for azobenzene

(Ep, a/2 = 1.38 V (vs Ag/0.1 M)). Azobenzene was used here as
the reference substance to enable comparison of the oxidation
potentials in CH2C12 listed in Tab. 1 with those found in CH-jCN
and collected in Tab. 2. N,N,N’,N’-Tetramethyl-p-phenylenediami-
ne has been used by other authors as the model system for biolo-
gical studies requiring a reversible, one-electron redox systenm,

most notably in the pioneering work of Michaelis [l6].

Ep, a/2 measured by me for this compound in acetonitryle equals
to -0.28 V vs Ag/0.1 M Ag+. This value is slightly lower than that
reported by .Zw e i g [9 who used a rotating platinum elec-
trode .

However, also my voltammograms confirmed a marked stability
of the generated cation radical and the dication obtained from
this oxidation. Finally, 1 was concerned to compare the oxidation
potentials for all the aforementioned compounds with those of
2,5-dimethyl-1,3,4-thiadiazole and 2,5-di-tertbutyl-1,3,4-thia-
diazole. The value of the anodic half-peak potential for the
former one is slightly higher than that for the latter. It means
that alkyl groups substituted in positions 2 and 5 influence in a
very limited way the oxidation potentials for the two thiadiazoles.
Presumably, an electron hole in radicals of these compounds is
localised on the sulfur atom, this conclusion seems to be sup-
pored by the work of Fabretti [17], who studied 2,5-di-
methyl-1,3,4-thiadiazole . He proved the coordination of this
azole through the sulfur atom.

Listed in Tab. 1 and 2 the half-peak oxidation potentials
reflect the ability of the studied compounds to from free
radicals after the oxidation. Ep, a/2 values increase according
to the following order: N,N,N’,N’-tetramethyl-p-phenylenediamine
anthracene,p-terphenyl,azobenzene , 1,8-dihydroxy-9-anthrone, trip-



tycene, 4,4°-dimethylazobenzene, 4,4°-di-tert-butylazobenzene ,
2,5-di-tert-butyl-1,3,4-thiadiazole, 2,5-dimethyl-1,3,4-thiadia-

zole,
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and 9-anthrone.

REFERENCES

3. L.Courtneidge,A.G.Oavies,D.C. Me
Gauchan, Rec. Trav. Chim., 107, 190-196 (1988).

D.C. McGauchan, Private communicate, Dept. Chenm.,
Univ. College, London.
U.Svanhoilm,V.D.Parker,J. Chem. Soc., Per-
kin Trans., 2, 1567 (1976).

0. Hammerich, V. D. Par ker, J. An. Chem. Soc.,
96, 4289 (1974).

T. M. F10rence F. J Mil1ler, HH E. Z i t t e 1,
Anal. Chem., ¢8, 1065 (1966).

L. Ladanyi, M. Va3da, A Magi, G. Vanes,
Acta Chim. Acad. Sei. Hung., 245 (1970).

A. Ronlan, O Colleman, 0. Hammerich,
V.D.Parker,J. An. Chem. Soc., 96, 845 (1974).
R.Hand,M.Meliczarek,D.l.ScOggin,R.
Stotz, AL K. Carpenter, R F. Nelson, Col-
lection Czechoslov. Chem. Commun. 36, 842 (1971).

AL Zweig, 3. E. Lancaster  ,M T. Neglia,
W. H. 3ura 3. An. Chem. Soc., 86, 4130 (1964).

M. d’I'schia, A. Privitera, G6. Prota, Tetra-
hedron Lett., 25, 4037 (1984).

B. 3akuszewski,M. Czajkowski, T. Bla-
s zczyk, Polish Pat. 100959, 1977, 786.

0. N.Witt,D.Uermeny i, Berliner Ber., 46, 296
(1913).

P. B. Rasmussen, U Pedersen, |I.Thomsen,
B. Y d e, Bull. Soc. Chim. France, £2, (1) (1985).

H. L u n d, Acta Chem. Scand.,ll, 1323 (1957).
K.E.Friend,W.E.OhnesOrge,3. 0Org. Chen.,
28, 2435 (1963).



[15] E. J. Ma jeski, J.D. Stewart W E 0hne-
sorge, 3 Amer. Chem. Soc., £0, 633 (1968).

[16] L. Michaelis.M. P. Schubert, S. Granick,
J. Am. Chem. Soc., 61, 1981 (1939).

[17] A. C. Fabretti, G6. C. Franchini, G6. Peyro-
n e 1, Spectrochim. Acta, 3% A, 609 (1980).

Wojciech 3. Kinart

ELEKTROCHEMICZNE UTLENIANIE ROZNYCH ORGANICZNYCH
T - ELEKTRONOWYCH UKLADOW

Przeprowadzono badania elektrochemicznego utleniania szeregu
zwigzkow organicznych- za pomocg woltamperometrii cyklicznej. Na
podstawie otrzymanych wartosci potencjatow utleniania w CH-jCN i

i CH2Cl12 oceniono zdolnos¢ tych zwiazkéw do tworzenia wolnych rod-
nikéw w wyniku badanego procesu.



