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A new catalytic system for the hydrogen-transfer oxidation
of alcohols catalyzed by iridium complexes bearing a functional
pyridonate ligand has been developed. By using isopropenyl
acetate as a hydrogen acceptor, a variety of primary alcohols
were efficiently converted to the corresponding aldehydes in
moderate to excellent yields.

The oxidation of alcohols to carbonyl compounds is one of
the most fundamental and important reactions in synthetic
organic chemistry, and it is conventionally accomplished by the
use of stoichiometric amounts of harmful reagents, such as
chromium reagents.1 Recently, much effort has been devoted to
catalytic oxidation using oxidants such as oxygen2 and hydro-
gen peroxide.3 However, those oxidants often cause safety
problems linked with the employment of flammable organic
solvents especially in large-scale processes. Hydrogen-transfer
oxidation using an organic hydrogen acceptor is a promising
protocol for the green-oxidation of alcohols, because it can be
performed under mild conditions and tolerates a broad range of
functional groups in many cases. Oppenauer-type oxidation
using acetone as a hydrogen acceptor is a well-known hydro-
gen-transfer oxidation of alcohols.4 But it usually suffers from
equilibrium problem: large excess of acetone is required to
obtain good yield of product.5 Whereas many catalytic systems
using alkene,6 alkyne,7 and other organic molecules8 accepting
hydrogen atoms in an irreversible manner have been also
reported, it is important to seek a safe and easily-available
hydrogen acceptor which enables environmentally benign
oxidation of alcohols.

Meanwhile, we have previously reported the dehydrogen-
ation of alcohols9 and cyclic amines10 which proceeds accom-
panying the evolution of hydrogen gas using Cp*Ir catalysts
(Cp*: pentamethylcyclopentadienyl) bearing functional ligands
with an α-hydroxypyridine or α-pyridonate skeleton (Figure 1).
Various secondary alcohols and benzylic primary alcohols could
be dehydrogenatively oxidized to ketones and benzaldehydes,
respectively. However, efficient dehydrogenative oxidation of

aliphatic primary alcohols into aldehydes have not been
achieved yet.11

In the course of our studies on the oxidation of alcohols, we
examined the catalytic activity of 2a10 in dehydrogenation of
1-octanol (6a) (eq 1). Reaction using 2.0mol% of 2a under
reflux in toluene for 20 h resulted in the formation of octanal
(7a) in only 26% yield. On the other hand, addition of one
equivalent of isopropenyl acetate as a hydrogen acceptor
effectively improved the yield of 7a to 48%. Inspired by these
results, we started to investigate the hydrogen-transfer oxidation
of alcohols.12 Here, we wish to report a new system for the
hydrogen-transfer oxidation of aliphatic and benzylic primary
alcohols leading to aldehydes catalyzed by iridium complexes
bearing a functional pyridonate ligand using isopropenyl acetate
as a hydrogen acceptor.
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First, we studied the oxidation of 6a to 7a using isopropenyl
acetate as a hydrogen acceptor in the presence of various
catalysts (Table 1). When the reactions were carried out in
the presence of 2.0mol% of catalysts 2a and 2b bearing a
functional pyridonate ligand with and without a trifluoromethyl
group, 7a was obtained in 48 and 63% yields, respectively,
indicating a negative effect of electron-withdrawing substituent
on the catalytic activity (Entries 1 and 2). On the other hand,
introduction of electron-donating groups to the functional ligand
at 3- or 5-position enhanced the catalytic activity (Entries 3, 6,
and 8). Thus, the highest yield of 7a (up to 84%) was achieved
by the reaction in the presence of 3.0mol% of catalyst 2e using
three equivalents of isopropenyl acetate (Entry 7).13

We next examined various hydrogen acceptors (Table 2).
The reactions using vinyl acetate and vinyl benzoate gave 7a
in moderate yields. However, selectivity of the reaction was
relatively low in these cases (Entries 2 and 3).14 Methyl
methacrylate and butyl vinyl ether both showed lower efficiency
(Entries 4 and 5). The reactions using ethylene and styrene
resulted in moderate yields of 7a with relatively high selectivity
(Entries 6 and 7). α-Methylstyrene and diphenylacetylene did
not act as an efficient hydrogen acceptor (Entries 8 and 9). Based
on these results, we concluded that isopropenyl acetate was the
optimal hydrogen acceptor.

Ir
N Cl

Cl

OH

Ir
N

Cl

O
F3C

Cp* Cp*

Ir OH2
N

N

2+

HO

OH

Cp*

Ir OH2
N

N

O

O

Cp*

Ir Cl
N

HO
Cp*

19a 2a10 39b

49c 59d

Figure 1. Cp*Ir catalysts active for dehydrogenative reactions.
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With the optimal catalyst and hydrogen acceptor in hand,
we carried out the hydrogen-transfer oxidation of aliphatic
primary alcohols (Table 3). Linear alkanols [1-octanol (6a),
1-decanol (6b), and 1-hexanol (6c)] were converted to the
corresponding aldehydes in good yields (Entries 1­3). The
reactions of cyclohexanemethanol (6d) and 3-phenyl-1-propanol
(6e) proceeded in high yields (Entries 4 and 5). Phenethyl
alcohol (6f) was also converted to phenylacetaldehyde in
moderate yield, although the selectivity was lower (Entry 6).15

It should be noted that the hydrogen-transfer oxidation of
benzylic primary alcohols were accomplished at lower temper-
ature in shorter time (Table 4). When the reaction of benzyl
alcohol (6g) was carried out at 80 °C for 10 h, benzaldehyde was
obtained in 95% yield (Entry 1). The reactions of benzylic
alcohols 6h­6r bearing electron-donating and electron-with-
drawing substituents at the aromatic ring proceeded smoothly to
give the corresponding aldehydes in good to excellent yields
(Entries 2­12), demonstrating that a variety of functional groups

Table 1. Hydrogen-transfer oxidation of 1-octanol (6a) catalyzed by
various Cp*Ir catalysts using isopropenyl acetate as a hydrogen acceptora

Ir
N Cl

O
OH CHO

cat. Cp*

reflux in toluene, 20 h

isopropenyl acetate
(1.0 equiv)

R

a7a6

Entry Catalyst Loading/mol% Convb/% Yieldb/%

1 2a (R = 5-CF3) 2.0 51 48
2 2b (R = H) 2.0 66 63
3 2c (R = 5-Me) 2.0 75 73
4c 2c (R = 5-Me) 3.0 87 80
5 2d (R = 4-Me) 2.0 65 61
6 2e (R = 3-Me) 2.0 75 73
7c 2e (R = 3-Me) 3.0 91 84
8 2f (R = 3-OMe) 2.0 73 71

aReaction was carried out with 6a (1.0mmol), isopropenyl acetate
(1.0mmol), and Cp*Ir catalyst (2.0 or 3.0mol%) in toluene (18mL)
under reflux for 20 h. bDetermined by GC. cIsopropenyl acetate
(3.0mmol) was used.

Table 2. Hydrogen-transfer oxidation of 1-octanol (6a) catalyzed by 2e
using various hydrogen acceptorsa

Hydrogen acceptor

O

O

O

O

OPh

O

O

O

O

Ph

Ph

PhPh

Entry

1

2

3

4

5

6c

7

8

9

OH CHO
reflux in toluene, 20 h

hydrogen acceptor
(1.0 equiv)

catalyst 2e (2.0 mol%)

6a 7a

Convb/%

75

68

79

39

43

40

42

17

24

Yieldb/%

73

40

40

31

8

36

39

15

21

aReaction was carried out with 6a (1.0mmol), hydrogen acceptor
(1.0mmol), and Cp*Ir catalyst 2e (2.0mol%) in toluene (18mL) under
reflux for 20 h. bDetermined by GC. cReaction was carried out under
atmosphere of ethylene.

Table 3. Hydrogen-transfer oxidation of aliphatic primary alcohols
catalyzed by 2ea

Entry

1

2

3

4

5

6

reflux in toluene, 20 h

catalyst 2e (3.0 mol%)
isopropenyl acetate (1.0 equiv)

R OH RCHO

Substrate

OH

OH

OH

OH

OH

OH

(6a)

(6b)

(6c)

(6d)

(6e)

(6f)

Convb/%

86

80

83

93

69

85

Yieldb/%

80

76

76

93

52

85

aReaction was carried out with primary alcohol (1.0mmol), isopro-
penyl acetate (1.0mmol), and Cp*Ir catalyst 2e (3.0mol%) in toluene
(18mL) under reflux for 20 h. bDetermined by GC.

Table 4. Hydrogen-transfer oxidation of benzylic primary alcohols
catalyzed by 2ea

Entry

1
2
3
4
5
6
7
8
9

10c

11
12

13

Convb/%

98
90
90
99
99
99
99
95
93
89
78
99

97

Yieldb/%

95
83
87
92
94
93
84 (70)
92
91
87
69
96

90

80 °C in toluene, 10 h

catalyst 2e (2.0 mol%)
isopropenyl acetate (1.0 equiv)OH

R
CHO

R

Substrate

R = H (6g)

R = 3-Me (6j)
R = 3-OMe (6k)
R = 4-Me (6l)

R = 4-Br (6o)
R = 4-Cl (6n)

R = 4-CF3 (6p)

R = 4-Ph (6r)
R = 4-COOMe (6q)

R = 4-OMe (6m)

R = 2-Me (6h)
R = 2-OMe (6i)

OH
R

OH (6s)

aReaction was carried out with primary alcohol (1.0mmol), isopro-
penyl acetate (1.0mmol), and Cp*Ir catalyst 2e (2.0mol%) in toluene
(18mL) at 80 °C for 10 h. bDetermined by GC. Yield of isolated
product is indicated in parenthesis. cReaction was carried out under
reflux.
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were tolerated. The reaction of 2-naphthalenemethanol (6s) also
proceeded well.

The present catalytic system also showed high activity for
the oxidation of a secondary alcohol. When the reaction of 1-
phenylethanol was carried out at 80 °C for 10 h, acetophenone
was obtained in 97% yield (eq 2).

OH O

80 °C in toluene, 10 h

catalyst 2e (2.0 mol%)
isopropenyl acetate (1.0 equiv)

97%
ð2Þ

Although the mechanism for the present catalytic reaction is
not completely clear yet, a possible one is shown in Scheme 1.
The first step of the reaction would involve the activation of an
alcohol by the cooperative reaction of iridium and the functional
ligand with the hydroxy group to afford an alkoxo iridium
species A. β-Hydrogen elimination of the alkoxo moiety in A
would occur to give an aldehyde and a hydrido iridium species
B.16 Then, insertion of isopropenyl acetate into the iridium­
hydride bond would occur to give an alkyl iridium species C.
β-Acetate elimination17 accompanied by the release of propene
would occur to afford iridium acetate species D. Finally, reaction
of iridium acetate moiety with the hydroxy proton on the
functional ligand would occur to release acetic acid, regenerat-
ing the iridium pyridonate species.

In order to confirm the mechanism proposed above, we
conducted the reaction of 4-methylbenzyl alcohol using 1-
phenylvinyl benzoate as a hydrogen acceptor (eq 3). When the
reaction was carried out at 80 °C for 10 h, 4-methylbenzaldehyde
was obtained in 77% yield, along with benzoic acid (62%) and
styrene (44%).18 This result strongly supports the proposed
mechanism.

80 °C in toluene, 10 h

catalyst 2e (2.0 mol%)
p -Tol OH

Ph O

O

p -TolCHO
+

PhCOOH
+

+

77%

Ph

Ph

62%

44%

ð3Þ

In summary, we have developed a new system for hydrogen-
transfer oxidation of various primary alcohols catalyzed by
iridium complexes bearing a functional pyridonate ligand using
isopropenyl acetate as a hydrogen acceptor.19
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