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Direct �-hydroxylation of ketones using molecular oxygen
was accomplished by organic–inorganic hybrid polymers. A
newly prepared Cu-piperazine hybrid polymer was tolerant to
the basic conditions, and with employment of lithium hydroxide
smoothly catalyzed the �-hydroxylation of ketones. In the
present catalytic process not only tetralone derivatives, but also
acyclic ketones were converted to the �-hydroxy ketones in
good yield.

�-Hydroxy carbonyls are valuable building blocks in organ-
ic synthesis and impressive structural motifs in a variety of
biologically active natural products. The biological importance
of the �-hydroxy carbonyl functionality has inspired the devel-
opment of a number of catalytic processes.1 Among the various
useful processes, the oxidation of a carbon center adjacent to
carbonyls is a beneficial route to prepare the fascinating
functionality, and the ultimate oxidant would be the molecular
oxygen from the viewpoint of the promotion of sustainable
chemistry.2

In the course of our recent effort to apply the organic–inor-
ganic hybrid polymer directed toward organic synthesis, we have
succeeded in the catalytic synthesis of �-hydroxy ketones using
the molecular oxygen as the oxidant.3 Thus, in the previous
report, the hybrid polymer ‘‘{[Cu(bpy)(BF4)2(H2O)2](bpy)}n
(bpy = 4,40-bipyridine)’’4 abbreviated as ‘‘Cu-bpy’’ shows ac-
tivity to provide the �-hydroxy ketones from the trimethylsilyl
enolates (Scheme 1).5,6

Although the Cu-bpy catalyst showed remarkable catalytic
activity, one drawback is the requirement of preformation of
the silyl enolate of the ketones before enforcing the target reac-
tion. One apparent way to solve this problem is the use of car-
bonyl compounds directly. We report herein that the direct mo-
lecular oxygen derived �-hydroxylation of ketones using the or-
ganic–inorganic hybrid polymers under the basic conditions.

Toward the development of direct �-hydroxylation of
ketones, initially, we screened various bases to generate the
enolate in situ. The results are summarized in Table 1. Among
the bases tested, lithium hydroxide monohydrate smoothly pro-
moted the reaction of 2-methyl-1-tetralone (1) to give �-hydroxy
ketone 2 in 82% yield in 1 h (Entry 5).7 The use of amine bases

resulted in lower chemical conversions (Entries 2 and 3).
Though we succeeded in the first direct �-hydroxylation us-

ing the hybrid polymer, it was revealed that the Cu-bpy catalyst
was dissolved in the reaction media under the basic conditions.
This makes the recovery and reuse of catalyst difficult. More se-
riously, the catalytic activity dramatically declined after dissolv-
ing. For example, the reaction using sodium hydroxide was com-
pletely disrupted within 1 h under the reaction conditions. To
overcome the problem, we decided to prepare new organic–inor-
ganic hybrid polymers in structural variation of the ligand frame-
work. With the analogous method for the preparation of the Cu-
bpy complex, a series of hybrid polymers were prepared, and the
catalytic activities were examined as summarized in Table 2.

To our delight, the hybrid polymer derived from piperazine
(Cu-piperazine) showed remarkable catalytic activity to provide
�-hydroxy ketone 2 in 79% yield, and the complex did not dis-
solve in EtOH under the basic conditions (Entry 4).8 After the
reaction completed, the catalyst was recovered in 81% yield
by centrifugation. The survived catalytic activity was confirmed
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Scheme 1. Organic–inorganic hybrid polymer catalyzed syn-
thesis of �-hydroxy ketones from the trimethylsilyl enolates.

Table 1. Direct �-hydroxylation of ketone 1 under basic condi-
tions

OO

Me
Me

OH

1 2

EtOH, 80 °C, 1 h

O2
Cu-bpy (10 mol % as Cu)

Base (0.5 equiv.)
P(OEt)3 (0.8 equiv.)

Entry Base Yield/%

1 — no reaction

2 piperazine no reaction

3 DBU 31

4 NaOH 7

5 LiOH–H2O 82

Table 2. A series of hybrid polymers and the catalyst activitiesa

1 2
EtOH, 80 °C

O2
Cu-diamine hybrid polymer

(10 mol % as Cu)
LiOH–H2O (0.5 equiv.)

P(OEt)3 (0.8 equiv.)

Entry Diamine Yield/% Solubility

1 pyrazine no reaction soluble

2 p-phenylenediamine 67 insoluble

3 p-xylylenediamine 68 insoluble

4 piperazine 79 insoluble

5 DABCO 65 insoluble
aCatalyst amount was calculated as the similar structure to

{[Cu(bpy)(BF4)2(H2O)2](bpy)}n (bpy = 4,40-bipyridine).
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in the second use in the promotion of the reaction (68% yield).
Encouraged by the success of the Cu-piperazine-catalyzed

synthesis of �-hydroxy ketone, the synthetic procedure was
optimized. The amount of LiOH could be reduced to 0.3 equiv.
for obtaining the synthetically useful chemical yield (2: 77% for
14.5 h). Under the optimized conditions, the generality of the
new direct method was examined in Table 3.

Various advantages were realized in the correlation of the
catalytic activity with that obtained by using the original Cu-
bpy catalyst. In the reaction of a sterically hindered substrate
such as 2-propyl-1-tetralone (Entry 5), which shows relatively
lower reactivity, the Cu-piperazine complex catalyzed the �-hy-
droxylation in 53% yield, despite the fact that the Cu-bpy was
hard to promote the reaction (only 2%). In the reaction of 1-
methyl-2-tetralone, only the tertiary carbon center adjacent to
the carbonyl group was oxidized at 80 �C (Entry 6). Not only
the cyclic ketones, but also acyclic ketones were transformed
to the corresponding �-hydroxy ketones, and the chemical yields
were higher than those obtained using Cu-bpy (Entries 8 and 9).
In the reaction of 2-benzylcyclohexan-1-one, only 2-benzyl-
2-hydroxycyclohexan-1-one was obtained in 13% under the

current conditions. This fact suggests that the selective reaction
was performed from the thermodynamic enolate.9

In conclusion, we have disclosed the direct �-hydroxylation
of ketones using molecular oxygen. The newly prepared Cu-
piperazine complex is durable against the strong base, and the
reaction proceeds smoothly with the coexistence of lithium
hydroxide.
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Table 3. Cu-piperazine-catalyzed direct �-hydroxylation of
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Cu-bpya

Time/h

14.5

9

9

9

11

12

13

15.5

15.5

84

Yield/%

33

71

2

74

60

65

67

49

Cu-piperazineb,c

Time/h

13

12

9

9

9

14.5

15.5

15.5

18

77

60

67

79

76

Yield/%

72

71

56

53

Entry

1

2

3

4

5

6

7

8

9

O

O

MeO

O

O

O

MeO
O

O

O
OMe

Substrate

1

R1

R3

R2
O

EtOH, 80 °C
R1

R3

R2
O OH

O2
Cu-diamine hybrid polymer

(10 mol % as Cu)
LiOH–H2O, P(OEt)3

aLiOH–H2O (0.5 equiv.) and P(OEt)3 (0.8 equiv.) were used. bLiOH–H2O

(0.3 equiv.) and P(OEt)3 (0.8 equiv.) were used. cCatalyst amount was

calculated as similar structure to {[Cu(bpy)(BF4)2(H2O)2](bpy)}n (bpy =

4,40-bipyridine).
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