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Oxidation of Benzylic Derivatives with Dioxygen Catalyzed by Mixed Addenda

Metallophosphate Containing Vanadium and Molybdenum
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Mixed addenda heteropolyoxometalate, NPVgMog, was found to be an efficient
catalyst for the oxidative dehydrogenation of a variety of benzylic amines to the
corresponding Schiff-base imines with molecular oxygen in toluene solution. Under the
same reaction conditions, isochroman and indan were respectively oxidized to 3,4-

dihydroisocoumarin and 1-indanone with high selectivity.

Heteropolyoxometalates have been attracted interest as catalysts for oxidations of a wide variety of organic
compounds with hydrogen peroxidel) and molecular oxygen (dioxygen).z) In particular, mixed addenda
heteropolyoxometalates such as H5PV2Mo1004( catalyze the oxidation of various substrates with dioxygen as
primary oxidant in both photochemicalza’b) and thermal systems, e.g., oxybrominationzc) and oxidation of
sulfides,2d) oxidative cleavage of ketones,2€) oxidative dehydrogenation of dienes,2) alcohols, and amines.28)
Therefore, our attention has been focused on the direct oxidation of organic substrates with dioxygen by mixed
addenda 12-metallophosphates, P-V-Mo and P-V-W systems.

In this letter, we would like to report a highly selective oxidation of benzylic derivatives with dioxygen
catalyzed by mixed addenda metallophosphates. The oxidation of benzylamine (1) to the corresponding Schiff-
base imine (2) with dioxygen was chosen as a model reaction and carried out by using the following V-based
metallophosphates as catalysts; i.e., (NH4)SH4PVEW6040-6H20 (3),3) (NH4)3HPVMo]1040:7.5H20 (4),4
H5PV2aMo10040-32H20 (5),4 H4PVMo11040-:34H20 (6),4) and NPVgMog (7).5)

@n,\% . o, Cat- p_y-Mo (or P-V-W) @AN/\Q
toluene, 100 °C, 20 h
. (1atm) 5
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A typical reaction is as follows: 7 (35 mg, 16 wt%) was added to a solution of 1 (2 mmol) in toluene (4 ml).
The flask was flashed with oxygen and equipped a baloon filled with about 5 L of O2. The mixture was allowed
to react under stirring at 100 °C for 20 h. The yield of product was determined by GLC.

Table 1 shows the results for the oxidation of 1 with dioxygen by various mixed-addenda
heteropolyoxometalates, PVnM12-n040(3+“)', 3-7, and PM120403‘, 8 and 9 (M = W or Mo). All
metallophosphates involving vanadium catalyzed the conversion of 1 to 2 in fair to good yields, but simple
metallophosphates such as H3PW12040-nH20 (8) and H3PMo012040-nH20 (9) were inert in the present
reaction. Among the vanadium metallophosphates examined, 7 was found to be the best catalyst. The catalytic
activity of the §, which shows high activity in the oxidative cleavage of ketones2€) and the oxidative

dehydroganation of diene,2f) was modarate in the present reaction.

Table 1. Oxidation of Benzylamine (1) to Schiff-base Imine (2) with Dioxygen by Various
V-based Metallophosphatesa)

Run Catalyst Solvent Temp /°C Conv. /% Yield / %b)
1 (NH,)sH,PVEWc0,,-6H,0 (3) toluene 100 62 74
2 (NH4);HPVMo,,04:7.5H,0 (4) toluene 100 67 54
3 HsPV,;M0,0049:32H,0 (5) toluene 100 44 89
4  H4PVMo,;0434H,0 (6) toluene 100 60 97
5¢) NPVeMog (7) toluene 100 81 >99
69) 7 acetonitrile  f. 45 42
7©) 7 1,2-dichloroethane  rf, 92 34
8  H3PW;5040nHO (8) toluene 100 <1 trace
9  H3PMo0;5040nH0 (9) toluene 100 14 86

a) Reaction conditions : 1 (2 mmol), toluene (4 ml), datalyst (1 mol%), 20 h, O, 1 atm.b) GC yields
based on the 1 consumed. ¢) 7 (35 mg, 16 wt% to 1) was used.

On the basis of these results, various amines were oxidized in the presence of a catalytic amount of 7 in
toluene under oxygen atmosphere (Table 2). p-Chlorobenzylamine was converted into the corresponding Schiff-
base imine in low yield. However, p-methyl- and p-methoxybenzylamines bearing an electon donating group on
the aromatic ring gave imines in fair to good yields. Furfurylamine was also oxidized to imine in 52% yield.
Aliphatic primary amines such as octylamine were difficult to oxidize with high selectivity because of occurence

of the over-oxidation. In the case of 1,2,3,4-tetrahydroisoquinoline, the dehydrogenation proceeded selectively
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to give 3,4-dihydroisoquinoline in good yield. It is probable that benzylic amines are converted into the
corresponding Schiff-base imines via a similar way as that of the oxidation of 1 to 2 by NasPVoMo10040 on

charcoal 28)

Table 2. Oxidative Dehydrogenation of Various Amines with Dioxygen Catalyzed

by 79
Run Substrate Product Conv./% Yield/ %b)
o OO
X X X
1 X=H 81 >99
2 Ci 46 71
3 CH,4 52 79
4 CH30 85 96
NN oo > I
o O~ O - c)
6 Qi NH N 52

7d) n-CgH17NH2 n-C7H150H=N08H17~n >99 22

a) Reaction conditions: amines (2 mmol), toluene (4 mmotl), 7 (35 mg), 100 °C, 20 h,
O, 1 atm. b) GC yields based on substrates consumed. c¢) Determined by NMR.
d) Toluene (6 ml) was used.

Hoping to the further utilization of this system, we have extended to the oxidation of isochroman and indan
under these reaction conditions. It was found that benzylic carbons of these compounds were selectively oxidized
to give 3,4-dihydroisocoumarin and 1-indanone in relatively good yields. It is noteworthy that the direct C-H bond

activation can be achieved by molecular oxygen and the NPVgMog under relatively mild conditions.
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Further work is under way to apply this system to other substrates and to explore a new catalyst having

higher activity for these reactions.
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