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Water is a cheap, safe, and environmentally benign
solvent; indeed, considerable efforts have been devoted to
develop many organic transformations in water.
However, organic substrates and/or reagents are usually
insoluble and/or unstable in water, thus we need some
special care and/or designs to carry out the reaction in
water. Recently, we have developed N-oxyl-mediated
electrooxidation of alcohols in silica gel and/or polymer
particleswater disperse systems, in which substrates and
reagents (catalysts) are adsorbed or immobilized on the
particles. In 1999, Schéfer and his co-workers reported
electrooxidation of water-soluble sugar derivatives in
water containing N-oxyl compound (2,2,6,6-tetramethyl-
piperidine-1-oxyl: TEMPO). In this report are described
our further investigations on the N-oxyl-mediated
electrooxidation of alcohols in water, and the unique
behavior of the TEMPO in water will be discussed.
Electrooxidation of methyl a-D-glucopyranoside 1 in a
carbonate buffer solution was examined in the presence of
a catalytic amount of TEMPO. The electrolysis was
carried out in an undivided cell fitted with two Pt
electrodes. Constant current (30 mA, 55 F/mol) was
supplied to afford the corresponding carboxylic acid which
was isolated as methyl ester 2 after treatment with
Me,C(OMe), (91% yield, Table 1, Entry 1). Addition of
MeCN in the buffer solution retarded the oxidation and the
yields of 2 decreased to 69 — 16% (recovery of 1: 21 —
71%) (Entries 2-4).

Table 1. Oxidation of Methyl a-D-Glucopyranoside 1

HO o TEMPO (0.1 mmol)
OH ! Buffer solution® (10 mL)
HO T OCHs  “Undivided Cell, (PY)-(PY)
1 (0.5 mmol) 5.5 F/mol, 30 mA, room temp.
Me,C(OMe), (0.5 mL) COOgHs
35 wt% HCI (1 drop) QH :

MeOH (5 mL) HO OCHjs

room temp., 1 d. 2 OH
Enr Buffer®/CH3CN  Yield 2 Recov. 1
y mL/mL 19%P /%P
1°¢ 10/0 91 -
2¢ 7.5/2.5 65 27
3d 5/5 69 21
4° 1.5/8.5 16 71

20.40 M Na,C03/0.30 M NaHCO3 b |solated yield.
¢ Homogeneous solution. d Heterogeneous solution.

With water-soluble WS-TEMPO in buffer system, only

67% yield of 2 was obtained, while N-Oxyl-immobilized
particles/water disperse system did not work at all
resulting in the recovery of most of the starting material 1
(Table 2).

Table 2. Electrooxidation of 1

N-Oxyl  Yield/ %

H
TEMPO 91 @ N
Etg)N
WS-TEMPO 67 329 MAS Cl\i)
PE-co-AA-N-Oxyl - Br AN
SiO,-N-Oxyl WS-TEMPO

PE-co-AA: poly(ethylene-co-acrylic acid) (5 w%)
SiO;: silica gel for column chromatography

Electrooxidation of water-insoluble alcohols were also
examined (Table 3). Electrooxidation of benzylic alcohol
with TEMPO or WS- TEMPO in buffer afforded the
corresponding ketone in only 48-69% vyields, which was
less effective than that in N-oxyl-immobilized PE-co-AA
or SiO,/water disperse system. Okxidation of aliphatic
acohol did not proceed a al in TEMPO and
WS-TEMPO/water systems, whereas the oxidation was
completed in  N-oxyl-immobilized PE-co-AA or
SiO,/water disperse system.

Table 3. Oxidation of Alcohols in Water Systems

OH OH
N-Oxyl 4-C|CGH4/K Ph/\)\

TEMPO? 48
WS-TEMPO? 69 3
PE-co-AAP 87 94
Sio,° 94 86

80.40 M NayCO3, 0.30 M NaHCOs.
b 20w9%NaBr-sat. NaHCO3.

Above all, the N-oxyl-mediated electrooxidation of
water-soluble sugar derivative 1 in water containing
TEMPO proceeded most smoothly.
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