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Figure 1. Structure of VO(Hh
Oxovanadium complex bearing 3-hydroxypicolinic acid (H2hpic), that is, VO(Hhpic)2, successfully cata-
lyzes a highly selective oxidation of benzylamines to the corresponding N-(benzylidene)benzylamines
under atmospheric molecular oxygen. In addition, the use of imidazolium-type ionic liquids as solvent
makes it possible to attain recycling of the catalyst.

� 2010 Elsevier Ltd. All rights reserved.
Table 1
Oxidation of benzylamine with vanadium catalystsa

NH N
V Catalyst
O  (0.1 MPa)
Catalytic oxidation reactions of organic compounds with the aid
of molecular oxygen as the primary oxidant have attracted much
attention from a green chemical viewpoint in recent years.1 In par-
ticular, considerable efforts have been devoted to accomplish the
oxidation of alcohols to carbonyl compounds. By contrast, the cor-
responding amine to imine conversion by oxidation has remained
largely undeveloped, despite great utility of imines in the synthesis
of industrial materials and biologically active compounds, such as
amides, chiral amines, oxazolidines, hydroxyamines, and nitrones.2

Since the oxidation of primary amines generally leads to other
nitrogen containing compounds, such as nitriles,3 it is of great
importance to develop the catalytic oxidation of the primary
amines to the corresponding imines using molecular oxygen.4 Di-
rect synthesis of imines from the primary amines by oxidation of-
fers an alternative synthetic route to the condensation of an amine
with a carbonyl compound.
ll rights reserved.
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pic)2.
Herein, we wish to report the selective oxidation of benzylam-
ines to produce directly the corresponding N-(benzylidene)benzyl-
amine derivatives catalyzed by an oxovanadium complex bearing
3-hydroxypicolinic acid (H2hpic), that is, VO(Hhpic)2 (Fig. 1), under
the atmosphere of molecular oxygen.5,6

We first examined reactions of benzylamine 1a with vanadium
catalysts under the atmosphere of molecular oxygen in acetonitrile
(Table 1).7 Among the catalysts employed, VO(Hhpic)2 was found
to be the most effective catalyst for converting benzylamine 1a
to N-(benzylidene)benzylamine 2a (entry 1). General vanadium
2

a2a1

2

CH3CN, 120 oC, 18 h

Entry V Catalyst Mol % Yieldb (%) 2a Recoveryb (%) 1a

1 VO(Hhpic)2 2 86 Trace
2 VO(acac)2 2 34 45
3 V2O5 1 30 52
4 VOSO4 2 30 43
5 None No reaction

a Reactions were carried out on 1.5 mmol scale in a stainless autoclave with
stirring under oxygen (0.1 MPa).

b Determined by 1H NMR.
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Table 2
Oxidation of amine derivativesa

Entry Substrate Product Time (h) Yieldb (%)

Ar NH2 Ar N Ar
1 Ar=C6H5 1a 2a 18 86c

2 p-ClC6H4 1b 2b 24 70
3 p-CH3C6H4 1c 2c 18 72c

4 p-CH3OC6H4 1d 2d 24 71

5 Ph N
H

Ph 1e Ph N Ph 2e 42 37c,d

6
NH

1f
N

2f 18 78

7
Ph N Ph

Ph
1g

Ph
Ph N 2g 24 75

a Reactions were carried out using 1.5 mmol of substrate, 10.3 mg (0.03 mmol) of VO(Hhpic)2, and 6 mL of acetonitrile in a stainless autoclave with stirring at 120 �C under
0.1 MPa of oxygen for appropriate times.

b Isolated yield.
c Determined by 1H NMR.
d The starting material (58%) was recovered.

Table 4
Recycling study of VO(Hhpic)2 in ionic liquida

NH2 N

a2a1

VO(Hhpic)2 (2 mol%)
O2 (0.1 MPa)

[hmim]PF6
120 oC, 6 h

Run 1st 2nd 3rd 4th 5th 6th 7th 8th 9th

Yieldb,c (%) 69 70 64 67 68 66 56 58 68 (67)d

a The reaction was carried out with benzylamine (1.5 mmol), and VO(Hhpic)2

(0.3 mmol) dissolved in [hmim]PF6 (2 mL) in a 30 mL two-necked round-bottomed
flask with stirring under atmospheric oxygen (for 1st). After extraction with Et2O,
benzylamine was then added to the resulting ionic liquid phase containing the
catalyst (for the other runs).

b The starting benzylamine still remained, but no byproduct was detected.
c Determined by 1H NMR.
d Isolated yield.
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catalysts in oxidation reactions such as VO(acac)2 and V2O5 had
less catalytic activity (entries 2 and 3). In the case of VOSO4, which
is the starting material of VO(Hhpic)2, 2a was formed in a low yield
under the same condition (entry 4).

Results of the oxidation of various benzylamine derivatives
using VO(Hhpic)2 are shown in Table 2. Oxidations of p-substituted
benzylamine derivatives 1a�d proceeded successfully to afford the
corresponding imines 2a�d (entries 1�4). As to the oxidation of
the secondary amines (entries 5 and 6), dibenzylamine 1e was oxi-
dized to the corresponding imine 2e in a moderate yield (entry 5).
On the other hand, 1,2,3,4-tetrahydroisoquinoline 1f was selec-
tively dehydrogenated to 3,4-dihydroisoquinoline 2f (entry 6).
Interestingly, the oxidation of tertiary amine 1g proceeded to af-
ford N-(benzylidene)aniline 2g in a good yield via the elimination
of a benzyl group (benzaldehyde (75%, 1H NMR yield) was formed
as a byproduct) (entry 7).8

Based on our interest in green chemistry, we next examined the
present oxidation of amines to imines using ionic liquid (IL) as an
eco-friendly solvent. IL has a nature of reasonable thermal and
Table 3
Oxidation of benzylamines in ionic liquidsa

VO(Hhpic)2 (2 mol%)
O2 (0.1 MPa)

Ionic Liquid

120 oC, 6 h

Ar NH2 Ar N Ar

21

Entry Substrate Ionic liquid Yieldb (%)

1
NH2

1a

NNMe nHex
PF6

-+ 75

2 NNMe nBu
PF6

-+ 46

3 NNMe nBu
BF4

-+ 43

4 NNMe Et
BF4

-+ 18

5
NH2

Cl
1b

NNMe nHex
PF6

-+ 73

a All reactions were carried out in 1.5 mmol scale using a glass vessel filled with
O2.

b Determined by 1H NMR.
chemical stability, negligible vapor pressure, non-flammability,
and high capacity to dissolve various organic and inorganic com-
pounds.9–11

The results of the oxidation using ILs in a glass vessel are sum-
marized in Table 3.12 We first conducted the oxidation of 1a using
1-hexyl-3-methylimidazolium hexafluorophosphate, [hmim]PF6,
as a solvent. As a result, the oxidation product 2a was obtained
in 75% yield (entry 1). On the other hand, other ILs bearing differ-
ent alkyl chain or counter anion were less effective, resulting mod-
erate to low yields of 2a (entries 2�4).13,14 When we conducted the
oxidation of 1b using [hmim]PF6, the product 2b was formed in
73% yield.

Next, recycling feature of the catalyst in [hmim]PF6 was demon-
strated, as shown in Table 4. After extraction with diethyl ether to
separate the products from the IL, the IL containing the catalyst
was dried in vacuo for 6 h, and the resulting ionic liquid layer
was used for the oxidation reaction. The result shows that
[hmim]PF6 containing VO(Hhpic)2 was successfully reused for fur-
ther eight runs without any detectable loss in catalytic activity.

In summary, we have found that VO(Hhpic)2 is a highly effec-
tive catalyst for selective oxidation of benzylamines to the corre-
sponding imines by molecular oxygen in acetonitrile. In addition,
VO(Hhpic)2 in ionic liquids could be employed as a reusable cata-
lyst for the oxidation of benzylamines to imines. Further studies of
the oxidation using ionic liquids are in progress. Results will be re-
ported in due course.
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