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Abstract : Nitroxyl radical (6S,7R,10R)-4-acetylamino-2,2,7-trimethyl-10-isopropyl-1-azaspiro[5.5]-
undecane-N-oxy! reveals a reversible redox peak in cyclic voltammetry at + 0.62 V vs. Ag/AgCl. A
preparative electrocatalytic oxidation of racemic sec-alcohols on the nitroxyl radical yielded mixtures of
51.4 - 63.9 % ketones and 36.1 — 48.6 % alcohols by 10 h of electrolysis. The current efficiency and
turnover number of the reactions were 85.6 ~ 87.9 % and 20.6 — 25.6, respectively. The enantiopurity of
the remaining (R)-isomers was 50 - 70 % and the S values as a selective factor was 4.1 - 4.6.
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Optically active secondary alcohols are important chiral intermediates in synthesis of optically active
substances. They have been prepared by chemical synthesis, biochemical method and optical resolution.
Optical resolution of their racemates has been achieved by enantioselective acetylation' or oxidation? using
an enzyme and by asymmetric epoxidation using a tartarate ester.’ On the other hand, organic nitroxyl
radicals such as 2,2,6,6-tetramethylpiperidinyl-N-oxyl are known to be an effective redox mediator for the
oxidation of several functional groups in organic compounds.® The literature reports on the enantioselective
oxidation of racemic secondary alcohols using chiral nitroxyl radicals,>” but these works were mainly carried
out by non-electrochemical methods. In order to construct a clean and simple reaction system, we have
carried out electrocatalytic oxidation of racemic 1-phenylethanol using (£)-trans,cis-4-
benzoyloxy-2,2,8a-trimethyldecahydroquinolinyl-N-oxyl as a chiral nitroxyl radical.® J\
Unfortunately, this reaction exhibited no enantioselectivity: the chiral nitroxyl radical HN
oxidized the (R)- and (S)-forms of 1-phenylethanol equally. We report here the
enantioselective electrocatalytic oxidation of racemic sec-alcohols using a chiral I- .
azaspiro[5.5Jundecane-N-oxyl radical.

Four isomers of optically active 4-acetylamino-2,2,7-trimethyl-10-isopropyl-1-
azaspiro[5.5]undecane-N-oxyl radicals (1) were prepared by the reaction of acetonin
with (+)-dihydrocarvone as the starting material. In the electrochemical behavior in
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cyclic voltammetry of the nitroxyl radicals,
(6R,7S,10R)- and (6S,7R,10R)-isomers gave reversible
redox waves.” On the other hand, (6R,7R,10R)- and
(68,7S,10R)-isomers were gradually decomposed during
the measurement of cyclic voltammogram (CV).
Figure 1 shows the CV of (6S,7R,10R)-1, in which a
reversible redox couple was observed. A similar
electrochemical behavior has been reported by Bobbitt
et al® This redox couple corresponds to the one-

electron oxidation of the oxoammonium ion. The
radical (6S,7R,10R)-1 was quite stable and no L L 1 1 I -

L. . 0 0.2 04 0.6 0.8 1.0
deactivation was observed in CV after repeated E/V vs. Ag/AgCl

potential scanning. The redox potential was observed Figure 1 Cyclic voltammograms of 10 mM

at + 0.62 V vs. Ag/AgCl and the peak split between the (6S,7R,10R)-1in 0.1 M NaClO,4/ CH;CN at
the scan rate of 50 mV/s. :in the

anodic and cathodic peak potentials was 70 mV. A presence of 100 mM (S)-(+)-1-phenylethanol and

linear relationship was observed between the anodic and 100 mM 2,6-lutidine, - - - - : in the presence of
. ) i 100 mM (R)-(-)-1-phenylethanol and 200 mM

cathodic current (i, and i,) and the square root of the 2,6-utidine, * blank.

potential scan rate ranging from 10 to 100mVs’,

and the diffusion coeffcient was estimated to be 1.3 x 10° cm? s*. These values are comparable to those

for TEMPO derivatives,* suggesting a possible use of (6S,7R,10R)-1 as catalyst in the electrocatalytic

oxidation.

The enantioselective oxidation of a chiral secondary alcohol on (65,7R,10R)-1 was carried out u_sing (R)-
(+)- and (S)-(-)-1-phenylethanol as substrates. The CVs of 100 mM (R)-(+)- and (S5)-(-)-1-phenylethanol in
the presence of 100 mM 2,6-lutidine as deprotonating agent are shown in Figure 1. The anodic peak current
for (S)-(-)-1-phenylethanol was highly enhanced in comparison with the blank voltammogram ((6S,7R,10R)-
1 itself) and a small cathodic peak was observed on the reverse scan, showing that (S)-(-)-1-phenylethanol
was efficiently oxidized electrocatalytically. In contrast to the CV for (S)-(-)-1-phenylethanol, the anodic

peak current for R-(+)-isomer increased only slightly.

ot
%

These results clearly show that the electrocatalytic
oxidation of (S);(-)-l-phenylethanol on (6S,7R,10R)-
1 occurred more easily than that of (R)-(+)-1-
phenylethanol.

e
)

Preparative potential-controlled electrolysis was
performed on a graphite felt electrode (Nippon Kynol
Inc., 5 x 5 x 5 mm) in CH,CN solution, using an ‘H’
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membrane (Nafion 117). The anolyte contained 10

0.05 mmol of (65,7R,10R)-1, 1 mmol of substrate, 0.5

mmol of tetralin as a chromatographic standard, 2  Fi8ure 2  Macroelectrolysis of racemic 1-
L ] phenyletnanol by (6S,7R,10R)-1 in the presence
mmol of 2,6-lutidine and 0.5 mmol of NaClO, in a of 2,6-lutidine. @: (R)-(+)-1-phenylethanol, O:

total volume of 5 ml. The catholyte was 5 ml of  (5)-(-)-1-phenylethanol and [7: acetophenone.
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Table 1. Electrocatalytic Oxidation of Racemic sec-Alcohols by (6S,7R,10R)-1

Recovered Charge ~ Current Conversion Turnover
Substrate  Product alcohol  Comfig- pa.:»ed efﬁc;:ncy %ee — o 5 humber

R 144.1 86 70 639 46 256

116.7 873 52 528 4.1 21.1

%9,

OH
112.8 879 50 514 45 206

g, 9%
g £%q

OO R 135.1 86.1 60 60.3 4.1 24.1

CH;CN solution containing 0.5 mmol of NaClO,. Controlled potential electrolysis was carried out at + 0.8
Vvs. Ag/AgCl under an argon atmosphere. During electrolysis, aliquots of anolyte were analyzed
occasionally by HPLC." The consumption of racemic 1-phenylethanol and formation of acetophenone are
plotted against electrolysis time in Figure 2. After 10 h of electrolysis, the (R)- and (S)-forms of 1-
phenylethanol were oxidized to acetophenone in 38.6 % and 89.2 % yield, respectively. The current
efficiency and turnover number (given by ratio of mole of product x 2 / mole of (6S,7R,10R)-1) were 85.6 %
and 25.6, respectively, at 10 h of electrolysis. The remaining (R)-(+)- and (S5)-(-)-1-phenylethanol were
61.4 % and 10.8 %, respectively. Thus, the enantiomeric excess (ee) of the unreacted alcohol was 70 %.
The efficiency of the resolution is characterized by S (= k¢/k;), the selectivity factor.' The S value of this
reaction was 4.6. Bobbitt and co-workers have reported the enantioselective oxidation of racemic 1-
phenylethanol using an oxoammonium salt generated from (6S,7R,10R)-1 by disproportionation, in which ee
of the remaining alcohol, turnover number and the S value were 20 %, 0.3 and 3.3, respectively.® Therefore,
the electrolytic method is useful for the kinetic resolution of racemic 1-phenylethanol using (65,7R,10R)-1.

Racemic 1-phenyl-1-propanol, 1-(1-naphthyl)ethanol and 1-(2-naphthyl)ethanol were similarly
electrolyzed on (6S,7R,10R)-1 in the presence of 2,6-lutidine (Table 1). In the electrocatalytic oxidation of
these racemic sec-alcohols, the (S)-isomers were oxidized in preference to the (R)-isomers. After 10 h of
electrolysis, the racemic sec-alcohols were oxidized to the corresponding ketones in 85.6 — 87.9 % current
efficiency, 51.4 — 63.9 % yield and 100 % selectivity. The turnover numbers based on (6S,7R,10R)-1 are
higher than 20. The enantiopurity of the remaining (R)-isomers and the S values as a selective factor were
50 - 70 % and 4.1 — 4.6, respectively.

We have reported the first electrochemical method for the efficient, enantioselective oxidation of
racemic sec-alcohols using a chiral nitroxyl radical: (6S,7R,10R)-4-acetylamino-2,2,7-trimethyl-10-
isopropyl-1-azaspiro|5.5Jundecane-N-oxyl. The electrocatalytic oxidation of the (S)-form of racemic sec-
alcohols on this radical predominates over that of the (R)-form. We are now studying the (6R,7S,10R)-
isomer of this nitroxyl radical for the enantioselective electrocatalytic oxidation of chiral alcohols.
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