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Synopsis. Aliphatic primary amines having a-methylene
underwent oxidative dehydrogenation on treatment with
NiSOg4 as a catalyst and KeS20s as an oxidant to give the
corresponding nitriles in good yields. Benzhydrylamine was
converted to benzhydrylideneamine quantitatively under the
same reaction conditions.

Selective transformation of functional groups of
organic compounds is important in synthetic chem-
istry. Stoichiometric metal oxidants such as manga-
nese dioxide, silver oxide, lead tetraacetate, nickel
peroxide, and chromium compounds are generally the
method of choice for this purpose. The stoichiometric
use and disposal of these reagents is undesirable from
economical and environmental viewpoints. As a
result, there has been much recent interest in the
catalytic system by these metal reagents.?

We previously reported that nickel catalyst with
K2S20s as an oxidant was efficient for the oxidative
dehydrogenation of allylic alcohols to the correspond-
ing unsaturated carbonyl compounds.? The catalyti-
cally active species in the system is nickel peroxide,
and the method is considered as catalytic nickel
peroxide oxidation. Here we report that this system
has been found to be also effective for the catalytic
dehydrogenation of primary amines to nitriles (Eq. 1).

NiSO4/K28:0s-NaOH RCN

RCHzNH H20-CH:Cly, 1.t ( 1 )

Several reagents have been reported on the oxidative
method for the synthesis of nitriles from amines.3:%
The metal oxidants such as silver oxide,® lead
tetraacetate,® cobalt oxide,? and nickel peroxide® have
been known as stoichiometric reagents for this
purpose, but an efficient catalytic system has not yet
been known. Though ruthenium-catalyzed oxidations
of amines to nitriles with g2 PhIO,» and
K2S20512 as the oxidants were reported, those methods
could not be used for synthetic purposes because a
considerable amount of by-products had been pro-
duced. The method described in this paper is the first
practical method for the transformation of amines to
nitriles by catalytic dehydrogenation reaction.

Results and Discussion

The results of the nickel-catalyzed oxidation of
aliphatic primary amines are summarized in Table 1.
The reaction was performed by the addition of
aqueous NiSO4 to the vigorous stirring mixture of
amine in CH2Cl; and aqueous basic solution of K2S20s
at room temperature. NiSOs was converted to fine
black precipitates of nickel peroxide immediately.
This catalytic oxidation did not proceed under
acidic or neutral conditions, because the catalytically

active nickel peroxide formed only in the basic con-
ditions. The amines were generally dehydrogenated to
the corresponding nitriles at room temperature with
1—2 mol% of nickel catalyst over 90% yields.

The oxidation of benzylamine proceeded smoothly
and 93% of benzonitrile was isolated in 6h (Run 1).
The olefinic double bond and ether bond were not
affected under the reaction conditions and only the
amine functional group was dehydrogenated to nitrile
(Runs 8, 9). The diamines such as 1,3-benzenedi-
methanamine and 1,6-hexanediamine were also de-
hydrogenated to the corresponding dinitriles, iso-
phthalonitrile and adiponitrile in 92% and 93% yield
respectively (Runs 3, 10). The oxidation of 1,6-
hexanediamine with stoichiometric amount of nickel
peroxide was reported to result in the formation of
adiponitrile only in 23% yield.®

The nickel catalyst is essential for the dehydrogena-
tion of amines to nitriles. When the oxidation of
benzylamine was performed without the catalyst, the
amine was slowly converted to N-benzylidenebenzyl-
amine as the sole product, and benzonitrile was not
detected (Eq. 2). N-Benzylidenebenzylamine was the
condensation product of benzylamine and benzalde-
hyde which was produced primarily by uncatalyzed
oxidation.
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Nickel peroxide is generally prepared by the
treatment of NaOCI with nickel sulfate.® The use of
NaOCl as the oxidant in this nickel-catalyzed oxida-
tion gave complex mixture of the products, because
NaOCl itself reacted with amines without catalyst.

Benzhydrylamine was dehydrogenated slowly under
the same catalytic conditions to benzhydrylideneamine
quantitatively (Eq. 3). 1-Phenylethylamine was
converted to acetophenone which was hydrolysis
product of primarily formed imine in 90% yield in 6 h.

K5S50g-NaOH
HyO0-CHoCly, r.t.
24h, conv. 67%

NHy NH

NiSO, / KyS50g-NaOH (3)

Hy0-CHyCly, r.t., 48h
99%

Though the oxidation of amines with stoichio-
metric amount of nickel peroxide was reported to give
relatively good results for the formation of nitriles
among the methods reported so far,® the use of
stoichiometric amount of the reagent decrease its
usability. This catalytic oxidation is able to replace
the stoichiometric nickel peroxide oxidation because
of the requirement of only 1—2 mol% of nickel sulfate
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Table 1. Nickel-Catalyzed Oxidation of Aliphatic Primary Amines with K2S2Og?
NiSOq Time o Yield?
Run Amine Nitrile —_—
mol% h %
1 NH, 0.5 6 CN 93

3 Q

CH30
NH,
3 2
E l NH,

NH,
4 @N 1
5 O/\/\ NH, ]
6 NN 1.5

NH,
7 /\/\(\NHZ 1

9 N\CON\NHZ 1

HoN
10 2 \/'\/\/\NH2 2

CN
24 @\ 92
C

N
Qe

24 97

14 @\,CN 94

2¢ AAAACN 96

24 /\/\(CN 90
924 C[]/\CN 95

24 /\/\CO/\’ CN 96

24 NG N\~CN 93

a) See experimental section for reaction conditions. b) Isolated yield.

and the higher yield of nitrile than that of the
stoichiometric method.

Experimental

1H NMR spectra were measured on JEOL JNM-PMX60Si
spectrometer. IR spectra were measured using JASCO
FT/IR-3 spectrometer. Elemental analyses were performed
ona YANACO MT-5 elemental analyzer. The commercially
available amines and K2S20s were used without further
purification. Column chromatography was carried out with
silica gel (Wakogel C-200) at atmospheric pressure. NiSOy4-
6H20 was used as 0.040 mol dm~2 aqueous stock solution.

Nickel-Catalyzed Oxidation of Benzylamine with K2S20s.
Aqueous solution of 0.040 mol dm=2 NiSOy (0.50 mL, 0.020
mmol) was added to the stirring mixture of benzylamine
(0.429g, 4.00mmol) in CH:Cl: (10mL) and aqueous
solution (50 mL) of K2S208/NaOH (2.7 g, 10 mmol/0.80 g,
20 mmol). Fine black precipitates of nickel peroxide was
formed immediately upon addition of NiSO4. The resulted
mixture was stirred vigorously at room temperature. After
stirring for 6 h, the mixture was passed through a short
Celite column to remove the black precipitates of nickel
peroxide. The filtrate was extracted with CH2Cl (10 mLX
2). The combined extracts were dried over anhydrous

Na2SO4 and evaporated under reduced pressure. The oily
residue was purified by silica-gel column chromatography
(CH2Cl: as eluent) to give benzonitrile (0.384 g, 93%). The
amines sited in Table 1 were oxidized in the same manner as
mentioned above. These products were identified by
comparison of physical data with those of commercial or
reported samples.4:9

3-(2-Ethylhexyloxy)propionitrile. Colorless oil. Bp 130—
135°C/18 mmHg (Kugelrohr; 1 mmHg=133.322 Pa). IR
(neat) 2255 cm~!. 'H NMR (CDCls) 6=0.45—1.95 (m, 15H),
2.50 (t, 2H, J=6 Hz), 3.0—3.4 (m, 2H), 3.53 (t, 2H, J=6 Hz).
Anal. (C11H21NO) C, H, N.

Nickel-Catalyzed Oxidation of Benzhydrylamine with
K28:0s. Benzhydrylamine (0.733 g, 4.00 mmol) was oxi-
dized with 1 mol% of NiSOs in the same way as described in
nickel-catalyzed oxidation of benzylamine for 48 h at room
temperature. Evaporation of CH2Clz extract gave almost
pure benzhydrylideneamine (0.718 g, 99%).

Oxidation of Benzylamine in the Absence of Nickel
Catalyst. Benzylamine was oxidized as described in nickel-
catalyzed oxidation except the addition of NiSOs. After
stirring for 24 h at room temperature, the CH2Clg layer was
separated and the aqueous layer was extracted once with
CH:Clz. The combined CHzCl; layer was dried over
anhydrous Na2SOy and the solvent was evaporated under a
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reduced pressure. 'H NMR analysis of the residue indicated
that the residue contained N-benzylidenebenzylamine and
benzylamine. The yields of the products were determined by
'H NMR. The imine was identified by comparison with the
sample obtained by condensation of benzaldehyde with
benzylamine.
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