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Copper(II) acetate proves to be an active catalyst for ultrasound-promoted conversion of aldoximes into
nitriles. This dehydration reaction was carried out in acetonitrile under ambient conditions to provide
nitriles with moderate tolerance toward water, which allows one-pot synthesis of a nitrile from an alde-
hyde with minimal purification.
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Table 1
Optimizing dehydration of p-tolualdoxime 1 into p-tolunitrile 2 under ultrasound
irradiationa

Entry Catalyst Additive (mg) Time (h) Conv.b/yieldc (%)

1 CuCl2 N.A. 1 22/14
2 CuBr2 N.A. 1 27/—
3 Cu(OAc)2 N.A. 1 65/56
4 Cu(OTf)2 N.A. 1 14/—
5 Cu(acac)2 N.A. 1 —
6 Cu(OH)2 N.A. 1 35/—
7 SnCl2 N.A. 1 —
8d [RuCl2(p-cymene)]2 MS 4 Å (200) 1 19/—
9 Pd(OAc)2 PPh3 (26.1) 1 —
10 Ga(OTf)3 N.A. 1 —
11 Cu(OAc)2 N.A. 2 98/90
12e Cu(OAc)2 N.A. 2 6/—
13 Cu(OAc)2 H2O (100) 2 89/82

a 1.0 mmol p-tolualdoxime (135.0 mg) and 5 mol % catalyst in 1.0 mL acetonitrile
at ambient temperature under ultrasound irradiation for the specific time.

b 1
Observed as a key constituent in various natural products, nitrile
is also an important synthetic intermediate for pharmaceuticals,
agricultural chemicals, and material sciences with significant com-
mercial importance.1 The versatility of nitriles comes from their ex-
tremely high polar-inductive effect2 and excellent hydrogen bond
acceptor properties.3 While the synthesis of nitriles from aldoximes
has been documented in the literature,4 most procedures developed
so far suffer from some disadvantages, such as the use of stoichiom-
etric/excess amounts of corrosive, moisture-sensitive reagents,5 or
toxic and hazardous chemicals, their associated waste disposal,
and tedious workup procedures.6 In spite of several reports describ-
ing metal-catalyzed aldoxime dehydration for the synthesis of ni-
triles,7 it is still highly desirable to develop a general catalysis for
efficient and environmentally friendly dehydration of aldoximes
into nitriles under mild conditions.

Ultrasound-promoted chemical reactions are well documented
by increasing reaction kinetics, product yields, and occasionally
selectivities.8 In several cases ultrasound can facilitate organic
transformation at ambient conditions as an alternative for organic
reactions ordinarily accomplished by heating and prove to be very
advantageous in terms of yields and reaction times.9 We herein re-
port ultrasound-promoted copper(II) acetate-catalyzed dehydra-
tion of aldoximes into nitriles under ambient condition.
Furthermore, mild tolerance toward water of the current catalysis
allows a one-pot synthesis of nitrile from aldehyde through
aldoxime.

Our initial optimization experiment started with the use of a
low-intensity ultrasound (LIU), laboratory cleaning bath, for the
dehyration of p-tolualdoxime 1 into p-tolunitrile 2. In the presence
of 5 mol % CuCl2 with acetonitrile as the solvent under ambient
condition, p-tolunitrile 2 was obtained in 22% conversion and
14% isolated yield after 1 h ultrasound irradiation (Scheme 1).
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Further efforts were then focused on optimizing the reaction
conditions, and the results are summarized in Table 1. At first, four
additional copper(II) salts, CuBr2, Cu(OAc)2, Cu(acac)2, and
Conversion was determined by H NMR analysis of the crude mixture.
c Isolated yield by flash chromatography.
d 2.5 mol % catalyst was employed.
e The reaction was carried out under ambient condition in the absence of ultra-

sound irradiation.
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Table 2
Ultrasound-promoted Cu(OAc)2-catalyzed dehydration of oximes into nitriles under
ambient conditionsa

Entry Oximes Product Yieldb (%)

1
NOH CN 90

2 NOH
CN 83

3c
NOH CN 91

4 MeO
NOH CNMeO 88

5d
O2N

NOH CNO2N 73

6
O

NOH
O CN 83

7
S

NOH
S CN 90

8
NOH

N
CN

N
74

9
NOH CN

82

10d,e NOH CN 61

11d,e
NOH CN

75

a 1.0 mmol oxime and 5 mol % Cu(OAc)2 in 1.0 mL acetonitrile at ambient tem-
perature under ultrasound irradiation for 2 h.

b Isolated yield by flash chromatography.
c 10.0 mmol oxime and 5 mol % Cu(OAc)2 in 10.0 mL acetonitrile at ambient

temperature under ultrasound irradiation for 2 h.
d Ultrasound irradiation for 3 h.
e 1.0 mol oxime and 10 mol % Cu(OAc)2 was used.

4480 N. Jiang, A. J. Ragauskas / Tetrahedron Letters 51 (2010) 4479–4481
Cu(OTf)2, were tested as the catalyst. It is clear that Cu(OAc)2 gave
the best results (conversion 65% and isolated yield 56%) and Cu(a-
cac)2 showed no catalytic activity for the ultrasound-promoted
dehydration of p-tolualdoxime 1 (Table 1, entries 1–5). Further-
more, it has been reported that the sonochemical effects on the
chemical reactions can be enhanced when a solid acts as catalyst,10

therefore copper(II) hydroxide, Cu(OH)2, was also investigated for
aldoxime dehydration. However, only 35% conversion was ob-
served for Cu(OH)2 as the catalyst (Table 1, entry 6). In addition,
various transition-metal salt systems, including SnCl2,7a [RuCl2(p-
cymene)]2/molecular sieves (MS, 4 Å),7b Pd(OAc)2/PPh3,7c and
Ga(OTf)3,7d which have been reported to be effective catalysts for
the dehydration of oximes under heating condition, have also been
investigated and the results showed very low or no conversion of
p-tolualdoxime into p-tolunitrile under identical conditions (Table
1, entries 7–10). With Cu(OAc)2 showing optimum catalytic activ-
ity for ultrasound-promoted dehydration of p-tolualdoxime under
ambient condition, increasing the time of ultrasound irradiation to
2 h afforded excellent conversion and isolated yield (98% conver-
sion and 90% isolated yield, Table 1, entry 11). Furthermore, extre-
mely low conversion of p-tolualdoxime into p-tolunitrile was
observed under ambient condition without sonication irradiation
(6%, Table 1, entry 12), which confirmed that both ultrasound irra-
diation and Cu(OAc)2 are crucial for successful dehydration of p-
tolualdoxime under ambient condition.
Yield: 73%

O

1) 50 w% aq. NH2OH (1.0 equiv.)
    MeCN, UI, rt, 30 min

2) 5 mol% Cu(OAc)2, UI, rt, 2 h
CN

Scheme 2. One-pot synthesis of m-tolunitrile from m-tolualdehyde.
In spite of the water as the byproduct of dehydration of oximes,
many of previously reported catalytic dehydrations of oximes have
required anhydrous solvents, and in some cases the molecular sieve
has been used as the additive.7b Therefore, it is worthy of noting that
the current catalysis shows moderate tolerance toward water and
the use of 11% wet acetonitrile as the solvent afforded a slightly re-
duced isolated yield (Table 1, entry 13). Although other organic sol-
vents, such as toluene, THF, ethyl acetate, and some ionic liquids,
including [bmim]Cl, [bmim]PF6, and [bmim]BF4, were tested under
identical condition, very low conversions (less than 10% after 2 h)
were observed under ambient and ultrasound irradiation
conditions.

Subsequently, the ultrasound-promoted catalysis11,12 dehy-
drated various aromatic, allylic, and aliphatic aldoximes into nitriles,
as summarized in Table 2. It is clear that all aromatic aldoximes with
electron-rich, electron-neutral, or electron-poor substitutes were
selectively converted into nitriles in high yields (Table 2, entries
1–5). It has to be pointed out that the dehydration of benzaldoxime
in a larger scale (10 mmol scale) afforded a paralleled isolated yield
(Table 2, entry 3).

In addition, heteroaromatic aldoximes were compatible with the
employed catalysis. For example, 2-pyridinealdoxime, 2-thiophen
ealdoxime, and 2-furanealdoxime were smoothly converted into
the corresponding nitriles in good yields (Table 2, entries 6-8).
trans-Cinnamonitrile was also conveniently obtained with the intact
double bond (Table 2, entry 9). However, the aliphatic aldoximes
such as 3-phenylpropanaldoxime and cyclohexanecarboxaldoxime
were less reactive and an increased catalyst loading (10 mol %)
was needed to provide good isolated yield (Table 2, entries 10 and
11).

Due to the moderate water tolerance of the current catalysis,
one-pot synthesis of m-tolunitrile from m-tolualdehyde was estab-
lished through p-tolualdoxime,13 as shown in Scheme 2.14 m-Tolu-
aldoxime was first formed from the m-tolualdehyde by adding
50 wt % aqueous hydroxylamine and followed by 30 min sonica-
tion. After flushing with molecular oxygen for 1 min, 5 mol %
Cu(OAc)2 was added into the reaction mixture, which then under-
goes ultrasound-promoted dehydration of m-tolualdoxime under
ambient condition to afford m-tolunitrile in 73% isolated yield.

In conclusion, an efficient ultrasound-promoted dehydration of
various aldoximes into nitriles by using copper(II) acetate/acetoni-
trile system under ambient conditions was developed. Furthermore,
the current catalytic system is notably not deactivated by hetero-
atom-containing (S, N, and O) compounds and shows moderate tol-
erance toward water, which allows one-pot synthesis of m-
tolunitrile from m-tolualdehyde in good yield with minimal
purification.
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