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TEMPO-modified graphite felt electrodes: attempted enantioselective oxidation
of rac-1-phenylethanol in the presence of (2)-sparteine
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At a TEMPO-modified graphite felt electrode (TMGFE) rac-
1-phenylethanol 2 is not enantioselectively oxidised in the
presence of (2)-sparteine 1, but instead 1 is dehydrogenated
to its iminium salt; 2 is oxidised in solution by the
oxoammonium salt 6 in the absence of 1, but not on the
TMGFE in the range 0–1.0 V vs. Ag/AgNO3.

Oxoammonium1 salts, generated by oxidation of aminoxyl
radicals by chemical oxidants or at the anode, have been
successfully used for the selective oxidation of alcohols. Of
particular interest in this connection was the invention of
TEMPO-modified graphite felt electrodes (TMGFE).2–7 In the
presence of (2)-sparteine 1, it was reported that a TMGFE can
oxidise enantioselectively (S)-1-phenylethanol (S-2) in rac-2
leaving 46.2% of 2 as the (R)-isomer with 99.6% ee.7 We failed
to reproduce these very interesting results and therefore studied
this conversion by cyclic voltammetry and controlled potential
electrolysis.8

Fig. 1 shows voltammograms recorded at the TMGFE in
0.2 m NaClO4 MeCN solution.9 The charge, QP, involved
during oxidation of TEMPO and reduction of TEMPO+ is equal
and stable within 30 cycles. Deconvolution and integration of
these peaks permits evaluation of the concentration, CNO•, of the
active aminoxyl radicals at the electrode.10 It was found that
CNO• never exceeds 1 mmol cm23 (0.4 < CNO• <
0.6 mmol cm23).11 By potential controlled coulometry a density
of 0.43 mmol cm23 of active radicals was found, which is
consistent with the results obtained via cyclic voltammetry.

Electrolysis in a divided cell (Nafion® 117 membrane) under
previously reported conditions7 (10 mmol of 1, 10 mmol of rac-
2 and 5 mmol of tetraline 3 used as standard in 25 ml of
0.2 m NaClO4 MeCN solution) afforded after consumption of
752.6 C, which is sufficient to oxidise about 80% of (S)-2, no
acetophenone 4, but 2 was almost quantitatively recovered
(96%). However, 78% of 1 was oxidized, presumably into the
corresponding iminium salt. It has been reported12–14 that
tertiary amines can be dehydrogenated to iminium salts by
oxoammonium salts.

With a five-fold lower concentration of rac-2, 1 and 3 under
otherwise the same conditions, the current decreased to 5% after
consumption of 64 C. GC of the crude product gave 0.03 mmol
of a-tetralol and 0.01 mmol of a-tetralone from 3 and
0.11 mmol of aphylline15 5 from 1, which corresponds to more

than 80% of the experimental quantity of electricity. The
amount of iminium salt of 1 is difficult to evaluate, but it
corresponds approximately to the missing quantity of elec-
tricity. Compound 4 could not be detected. In an undivided cell
no conversion of 2 was found in the presence of 1 at oxidation
potentials ranging from 0.53 to 1.10 V vs. Ag/AgNO3.

These results led us to investigate the electrochemical
behaviour of 1 by cyclic voltammetry (Fig. 2). As expected, 1 is
oxidized both on graphite felt and on TMGFE. Under
potentiodynamic conditions the TMGFE are inactive towards
the rac-2 oxidation between 0 and 0.8 V vs. Ag/AgNO3 (Fig. 3),
but at 1.0 V vs. Ag/AgNO3 an oxidation wave starts even in the
absence of the chiral base. It is well known that secondary
alcohols are readily oxidised by oxoammonium salts in
solution.

This is also found with 4-acetylamino-2,2,6,6-tetramethyl-
1-oxopiperidinium 6 as a tetrafluoroborate salt. Species 6 was
selected for the homogeneous oxidation because of its similar
structure to the immobilized aminoxyl radical, which is also
substituted with an amide group at C-4. In the absence of 1 with
1 mmol of rac-2 and 1 mmol of 6 (tetrafluoroborate salt) in 5 ml
of MeCN, 50% acetophenone 4 was obtained after 10 min.
When 6 (2 mmol) was added to a mixture of rac-2 (2 mmol) and
1 (2 mmol) in 5 ml of MeCN the solution turned immediately to
an orange colour, however no rac-2 was converted. The orange

Fig. 1 Voltammograms recorded at 10 mV s21 in 0.2 m NaClO4–MeCN
unstirred solution: (a) non-crosslinked and non-methylated TMGFE  and (b)
crosslinked and methylated TMGFE (0.5 3 1 3 1 cm3).

Fig. 2 Voltammograms recorded in 0.2 m NaClO4–MeCN unstirred solution
at 10 mV s21 in the presence of 2 mmol (2)-sparteine: (a) on a graphite felt
electrode and (b) on TMGFE (0.5 3 1 3 1 cm3).
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colour is due to the formation of the radical via a fast
symproportionation1 (Scheme 1).

The results above demonstrate that the TMGFEs are not
active below 0.8 V vs. Ag/AgNO3 towards rac-2 oxidation,
which is easily oxidised in solution by 6, whereby 4-acetamido-
2,2,6,6-tetramethyl-1-hydroxypiperidine 7 is formed as a reduc-
tion product of 6. The difference in these two processes is that
in homogeneous oxidation 8 is regenerated via a base catalysed
symproportionation of 6 and 7, whilst at the TMGFE the
immobilised 7 has to be oxidized.

In the absence of a base, the inactivity of the TMGFE towards
the oxidation of rac-2 could be due to a slow oxidation of
immobilised 7. Therefore we investigated the electrochemical
behaviour of 7 by cyclic voltammetry (Fig. 4). In an unstirred
solution, the CV exhibits during the first cycle a very weak
oxidation of 7 into 6, which is reduced during the negative
sweep at 0.32 V vs. Ag/AgNO3 into 8. The current of 7 amounts
to only 0.5% of that of 8 at the same concentration. In the
presence of lutidine 9, the current increases about twenty-fold,
however it is still only 10% of that of 8 at the same
concentration. The role of the added base appears to be
connected with the regeneration of the active oxidant im-
mobilised onto the electrode,16 because we demonstrated that in

solution 6 can oxidise rac-1-phenylethanol without any organic
or mineral base.

The TMGFE is thus active for alcohol oxidation, but only in
the presence of an electrochemically inert base which can be
used in acetonitrile. (2)-Sparteine as base appears to be
unsatisfactory, because it is oxidized by 6 prior to the
alcohol.
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Fig. 3 Voltammograms of a TMGFE (0.5 3 1 3 1 cm3) recorded in 0.2 m
NaClO4–MeCN stirred solution at 10 mV s21 (a) in the absence and (b) in
the presence of 1 mmol of phenylethanol.

Scheme 1

Fig. 4 Voltammograms of a graphite rod electrode recorded in 0.2 m
NaClO4–MeCN solution at 10 mV s21 (a) in supporting electrolyte only, (b)
in the presence of 0.2 mmol of 7 and (c) in the presence of both 0.2 mmol
of 7 and 0.2 mmol of lutidine 9.
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