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Copper(11) complex 1 efficiently catalyses the oxidation of al-
cohols to the corresponding carboxylic acid analogues and
ketones in the presence of H,O, in high yields.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

The selective oxidation of alcohols to the corresponding
carbonyl compounds is a frequently used functional trans-
formation in organic synthesis and numerous methods have
been developed.['l However, most of these traditional oxi-
dations usually require stoichiometric amounts of the re-
agents and the purification of the reaction products is often
demanding. To circumvent these problems, a number of
catalytic oxidation processes based upon the combination
of metal salts and atom-efficient oxidants, such as molecu-
lar oxygen®>~# or H,0,,5 have been recently devised. Cop-
per(1) salts have been shown to catalyze the oxidation of
alcohols to aldehydes and ketones with molecular oxygen.[!
Attention has also been focused on the development of
functional models of galactose oxidase (GO) and their ap-
plication for the aerobic oxidation of alcohols to alde-
hydes.] We now report the first example of copper-cata-
lyzed oxidation of alcohols to the corresponding carboxylic
acid analogues and ketones with H,O, as the source of oxy-
gen (Scheme 1). This protocol is simple, clean and functions
in the absence of additives.

Results and Discussion

Reaction of ethylenediamine with 2 equiv. of salicylal-
dehyde followed by NaBH, reduction provided salen-Hy4
that was further treated with Cu(OAc), to afford the com-
plex 1 as a green powder. In the presence of a catalytic
amount of 1, the oxidation of 4-chlorobenzyl alcohol (2b)
was first examined with H,O, under ambient conditions in
acetonitrile. We were pleased to find that 2b was oxidized
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Scheme 1

to a 2:1 mixture of 4-chlorobenzaldehyde and 4-chloroben-
zoic acid (3b) in 30% yield in the presence of 1 mol % of 1
and 10 equiv. of H,O,. Alternatively, the reaction could be
driven to completion with 92% yield of 3b by heating at 80
°C for 4.5 h (Table 1, Entry 2). Control experiments without
complex 1 under the same reaction conditions showed no
oxidation. Similarly, no significant oxidation was observed
with molecular oxygen as a terminal oxidant. Cu(OAc),
and Cu''(salen) were also examined as catalysts for the oxi-
dation of 2b under the same reaction conditions. The reac-
tion of the latter afforded 65% of 3b, while the process of
the former was less effective and provided a 1:5 mixture of
3b and 4-chlorobenzaldehyde in 30% yield.

To evaluate the scope of this protocol, the oxidation of
other aromatic and aliphatic alcohols 2a and 2c¢—n was
further examined with complex 1 (Table 1). As above, pri-
mary alcohols 2a and 2c—h were consistently oxidized to
give the corresponding carboxylic acids 3a and 3c¢—j in the
presence of 10—15 equiv. of H,O,. Secondary alcohols
2k —n were oxidized faster and could be converted into the
corresponding ketones with 5 equiv. of H,O,. Substrates
2b—h having both electron-donating as well as electron-
withdrawing substituents were compatible with this system.
The oxidations of cinnamyl alcohol and benzoin were also
examined, however, those reactions mainly afforded benzoic
acid due to cleavage of the carbon—carbon bonds.
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Table 1. Oxidation of alcohols with complex 1 in the presence of H,O,
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Entry Substrate H,0, [equiv.] Time [h] Product Yield (%)lzb!
CH,OH COOH
o g

2a 3a
2 /©/CH20H 0 s /©/COOH os
Cl Cl
2b 3b
CH,0H COOH
3 /©/ 10 4 04
Br
Br
2¢ 3¢
CH,OH COOH
4 /©/ e 10 8 /©/ 82
O,N O,N
2d 3d
CH,0H COOH
R o G Lo
2e NO, e 0,
CH,0H COOH
6 ©/ 10 7 89
NO, NO,
2f 3f
CH,0H COCH
7 Q 10 3 /©/ 93
MeO MeO
2g 3g
MeO CH,0H MeO COOH
8 10 2 93
MeO MeO
OMe OMe
2h 3h
o e~ 15 2 H,,C¢” ~COOH 9
3i
OH
10 H,e s 9 H,C,;” “COOH 9
2j 3j
OH o
11 Ej/K 5 0.5 Ej)k 99(cl
2k 3k
OH ]
12 ‘lD ‘l‘ 5 0.5 ‘O ‘O o8
21 31
13 QOH 5 4 <:>:0 99(cl
Zm 3m
OH 0}
14 # \Fl/ 5 4 [ 81
2n 3n

[al Catalyst 1 (1 mol %), alcohol (2 mmol), 30% H>0, (10—30 mmol) and acetonitrile (2 mL) were stirred at ca. 80 °C. [Pl Isolated yield.

[ GC yield.
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Conclusion

An efficient catalytic oxidation procedure that allows the
transformation of simple alcohols into carboxylic acids and
ketones has been described.

Experimental Section

Preparation of Complex 1: The reaction of salicylaldehyde (122 mg,
1 mmol) with ethylenediamine (30 mg, 0.5 mmol) in methanol (5
mL) afforded salen-H, as a lemon-yellow powder in 81% (217 mg),
which was further treated with NaBH, (1 mmol, 37.83 mg) in meth-
anol (5 mL) at ambient temperature for 2 h. Removal of the solvent
in a rotary evaporator followed by treatment with water afforded
salen-Hy as a colorless powder in 72% (162 mg) yield. '"H NMR
(CDCls, 90 MHz): 8 = 6.7—7.2 (m, 8 H), 3.9 (s, 4 H), 2.85 (s, 4 H)
ppm. IR (KBr): v = 3288, 2909, 2868, 2827, 1608, 1565, 1398,
1260, 999 cm™!. C;¢H20N,O, (272.3): caled. C 70.56, H 7.40, N
10.29; found C 70.59, H 7.38, N 10.25. The salen-H4 (150 mg,
0.55 mmol) was then treated with Cu(OAc), (200 mg, 1 mmol) in
methanol (10 mL) at 50 °C for 2.5 h under nitrogen. Evaporation
of the solvent in a rotary evaporator gave a powder which was
purified on silica gel (60—120 mesh) column chromatography using
EtOAc and MeOH (15:5) as a eluent to afford complex 1 as a green
powder in 70% yield. UV/Vis (CH3CN): A, = 328, 584 nm. FAB-
MS: m/z = 334 [M*]. C;¢H sCuN,0, (333.9): caled. C 57.55, H
5.43, Cu 19.03, N 8.39; found C 57.51, H 5.42, Cu 19.00, N 8.40.

Typical Procedure for the Oxidaiton: Alcohol (2 mmol), complex 1
(1 mol %) and 30% H,O, (10 mmol, 2.26 mL) were dissolved in
acetonitrile (2 mL) and the homogeneous solution was heated at
ca. 80 °C under atmospheric oxygen for the appropriate time. After
completion of the reaction, the reaction mixture was treated with
dimethyl sulfide (ca. 50 pL) at room temperature and the aqueous
acetonitrile was removed in a rotary evaporator under reduced
pressure. The residue was treated with ethyl acetate and the insol-
uble copper salt was separated. The organic solution was concen-
trated and passed through a short pad of silica gel (60—120 mesh)
using ethyl acetate and hexane to afford the analytically pure com-
pound whose identity was ascertained by IR, NMR ('H and '3C)
and melting point (solid) and by comparison with authentic
sample.
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