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Hydroxylation of aromatic drugs by the electro-Fenton method.
Formation and identiÐcation of the metabolites of Riluzole
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The electro-Fenton method permits hydroxyl radicals to be pro-
duced by simultaneous electrochemical reduction of dioxygen
and ferric ions. These hydroxyl radicals react with the neuro-
protective drug Riluzole to give four identiÐed hydroxylated
compounds. These hydroxyl compounds are identical to the
natural metabolites, the electrochemical behaviour of which is
investigated. The electrochemically assisted Fenton reaction
could therefore provide a convenient method for obtaining
metabolites of aromatic drugs.

The electro-Fenton method permits hydroxyl radicals (OH~)
to be generated by the simultaneous electrochemical reduction
of dioxygen and catalytic amounts of ferric ion in an acidic
aqueous medium, on a carbon electrode.1h3 An acidic aqueous
medium prevents the precipitation of iron hydroxide and
allows the electrolysis to be performed without additional
supporting electrolyte.
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Hydroxyl radicals are powerful hydroxylating agents and their
reaction with aromatic compounds provides hydroxylated
derivatives,2,4h6 as shown, for example, on benzoic and sali-
cylic acids.

Metabolites of aromatic drugs are often hydroxylated
compounds7h9 and we want to show in this report that the
electrochemically assisted Fenton reaction o†ers an easy and
fast way of preparing such metabolites in small amounts, suffi-
cient, however, for identiÐcation. We will consider the
example of Riluzole,10,11 a neuroprotective drug that has
proved to be efficient against amyotrophic lateral sclerosis
(ALS).

In an acidic aqueous medium (pH 2, room temperature),
saturated with dioxygen and containing Riluzole (1È5 mM)
and ferric chloride (1 mM), the potential of a carbon working
electrode was set at [0.5 V vs. SCE, a potential at which both
dioxygen and ferric ions are reduced.12 Aliquots were with-
drawn at di†erent charge amounts and analysed by high per-
formance liquid chromatography (HPLC) using a Shadon
ODS Hypersil C-18 reversed phase column (250 mm] 4.6
mm i.d. ; 5 lm mean particle diameter). The column was eluted
with methanolÈphosphate bu†er 0.01 M)Èacetic(Na2HPO4,acid (60 : 40 : 0.2 v/v) with a Ñow rate of 0.7 mL min~1. The
detection was performed by UV absorption at 263 nm. The

HPLC retention times (Fig. 1) were 24.80 min for Riluzole,
22.62 min for II, 16.70 min for III and 9.95 min for IV and V.
To analytically separate IV and V, the column was eluted with
a linear gradient composed of solvent A (acetonitrileÈwaterÈ
phosphoric acid, 20 : 80 : 0.2 v/v) and solvent B (acetonitrileÈ
waterÈphosphoric acid, 90 : 10 : 0.2 v/v) at mL min~1. The
percentage of B was 10 at initial time, 10 at 5 min, 90 at 45
min and 10 at 60 min. The retention times under these condi-
tions were 25.60 min for V and 28.50 for IV.

The reaction products were identiÐed by comparison with
authentic samples using HPLC and HPLC-mass spectrometry
(LCQ2 system, electrospray HPLC/MS/MS, chemical ioniza-
tion ; [M] 1]` at 235 for Riluzole and at 251 for the four
hydroxylated metabolites). In this way, we could identify the
four known metabolites of Riluzole (Scheme 1). The maximum
yield of the metabolites was obtained after 300 C had been
passed through the solution (125 mL of a 1 mM Riluzole solu-
tion, reaction time about one hour) : II (3%), III (7%), IV (4%),
V (3%). These monohydroxylated derivatives underwent
further hydroxylation and ring opening reactions. It has been
shown previously that and are the Ðnal oxidationCO2 H2Oproducts of organic compounds by hydroxyl radicals.13,14
The polyhydroxylated and ring opened compounds are
observed as a series of peaks at the begining of the chromato-
gram.

The electrochemical behaviour of these four hydroxylated
derivatives was examined by cyclic voltammetry on a glassy
carbon electrode with a scan rate equal to 0.2 V s~1. Riluzole
itself at pH 6.5 50 : 50 v/v) shows a two-(MeOHÈH2O,

Fig. 1 Chromatogram of the electrolysis solution of Riluzole.
Separation of IV and V was achieved under gradient conditions (see
text for conditions).
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Scheme 1

electron irreversible oxidation wave at ]1.07 V vs. SCE,
leading to an azo dimer5. The ring hydroxylated compounds
are irreversibly oxidized : III V vs. SCE), V(Ep \ ]0.55 (Ep \
]0.65 V vs. SCE), and IV \ ] 0.67 V vs. SCE) ; they also(Eppresent a broad wave at approximately ]1.10 V vs. SCE. The
Ðrst wave likely corresponds to the oxidation of the phenolic
function while the second one located at the same potential as
Riluzole itself should correspond to the oxidation of the
amino function. The behaviour of II is di†erent : it presents in
the same medium a reversible wave located at E¡ \ ]0.44 V
vs. SCE. The reversibility of this voltammetric wave can be
conÐrmed by spectroelectrochemistry : II presents an absorp-
tion maximum at nm, which disappears upon oxi-jmax\ 292
dation at ]0.5 V while a new one appears at 387 nm; if the
potential of the grid is returned to [0.5 V the initial spectrum
reappears, thus showing the reversibility of the system on a
time scale of a few minutes. This reversible system can be con-
Ðdently assigned to the oxidation of the hydroxylamine func-
tion into a nitroso group on the basis of the well established

behaviour of hydroxylamines in aqueous medium:15

The hydroxylated derivatives of Riluzole are therefore more
easily oxidized than the starting compound, in particular II
whose behaviour is similar to that of an antioxidant.

In conclusion, the electrochemically assisted Fenton reac-
tion, despite the low yields, appears as an easy and fast
method to obtain hydroxylated derivatives of aromatic drugs,
which may be identical to the biological metabolites. There is
indeed a present lack of good methods to selectively oxidize
aromatic molecules into phenols.
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