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Nitriles are a very important class of compounds in chemistry
as well as biology, and they are widely used in the production
of pharmaceuticals, agricultural chemicals, and fine chem-
icals.[1] Aromatic nitriles can be synthesized by the Sandmeyer
reaction and gas-phase ammoxidation in laboratories and
industry, respectively.[1] The nucleophilic substitution of alkyl
halides with a stoichiometric amount of hazardous inorganic
cyanides is a general procedure for the synthesis of alkylni-
triles and is frequently accompanied by the elimination of
hydrogen halides especially in the case of bulky alkyl
halides.[1] Unsaturated nitriles can be synthesized by the
Wittig reaction of the corresponding aldehydes with cya-
noalkyl phosphates.[1] The above antiquated procedures often
produce large amounts of inorganic salts as waste, which is not
desirable from the standpoint of green chemistry.[2] Therefore,
the development of new environmentally friendly procedures
is very important. The transition-metal-catalyzed dehydration
of aldoximes or amides under neutral conditions is a good
candidate for green nitrile synthesis.[3] Recently, excellent
examples for the catalytic dehydration have been reported.[3]

An alternative approach to the synthesis of nitriles is the
oxidative reaction directly from alcohols and ammonia.[4,5]

The direct synthesis is very difficult, and reported procedures
require the use of stoichiometric amounts of reactive oxidants
and reagents such as I2,

[4a,b] 1,3-diiodo-5,5-dimethylhydantoin
(DIH),[4a, c] NiSO4/K2S2O8/NaOH,[4d] MnO2/MgSO4,

[4e] and
(Bu4N)2S2O8/Cu(HCO2)2/Ni(HCO2)2/KOH.[4f] Therefore, if
the catalytic oxidative synthesis of nitriles directly from
alcohols and ammonia using molecular oxygen (or air) as the
sole oxidant could be realized, it would be a desirable
transformation because of its high atom efficiency and the

lack of toxic waste (theoretically, only water is formed as a by-
product [Eq. (1)].

We have recently reported the efficient aerobic oxidative
dehydrogenation of alcohols[6a,b] and amines,[6a,c] and the
catalytic oxygenation of amines to amides[6d] catalyzed by an
easily prepared supported ruthenium hydroxide catalyst,
Ru(OH)x/Al2O3. During the course of our investigations, we
discovered that the liquid-phase aerobic oxidative synthesis of
nitriles directly from alcohols and ammonia can be realized in
the presence of the supported ruthenium hydroxide catalyst.[7]

Various kinds of aromatic and heteroaromatic primary
alcohols can be converted into the corresponding nitriles in
high to excellent yields, and the observed catalysis is hetero-
geneous.[8]

Initially, various kinds of supported metal hydroxide
catalysts and ruthenium-based catalysts were applied to the
transformation of 2-naphthalenemethanol (1 a) into 2-naph-
thonitrile (2a) in a solution of ammonia in THF (0.45m, NH3/
1a = 1.8) using air as an oxidant (Table 1). Among various
catalysts examined, Ru(OH)x/Al2O3 showed the highest
catalytic activity and selectivity (Table 1, entry 1). Ruthenium
complexes such as [Ru(acac)3], [RuCl2(PPh3)3], [{RuCl2(p-
cymene)}2], and [Ru3(CO)12] were not effective for the
present transformation (Table 1, entries 10–13). Similarly,
heterogeneous ruthenium catalysts such as Ru/C (Ru metal
on activated carbon), RuHAP (Ru3+-exchanged hydroxyapa-
tite),[9] and RuO2 anhydrous (bulk oxide) did not show high
catalytic activity (Table 1, entries 6–8). Among the catalysts
examined, only Ru(OH)x/Al2O3 gave the desired nitrile 2a in
high yield. Under the present conditions, no reaction pro-
ceeded in the absence of the catalyst (Table 1, entry 15), or in
the presence of just Al2O3 (Table 1, entry 14) or the catalyst
precursor of RuCl3·nH2O (Table 1, entry 9).

To verify whether the observed catalysis is derived from
solid Ru(OH)x/Al2O3 or leached ruthenium species, the
transformation of 1a into 2 a was carried out under the
conditions described in Table 1 and the Ru(OH)x/Al2O3

catalyst was removed from the reaction mixture by filtration
at approximately 30% conversion of 1a. After removal of the
Ru(OH)x/Al2O3 catalyst, a solution of ammonia in THF
(1 mL, 0.45m) was added to the filtrate and the solution was
again heated at 120 8C under 6 atmospheres of air. In this case,
no reaction proceeded. It was confirmed by inductively
coupled plasma atomic emission spectroscopy (ICP-AES)
that no ruthenium was in the filtrate (below 0.03%). All these
facts rule out any contribution to the observed catalysis from
ruthenium species that leached into the reaction solution, and
the observed catalysis is intrinsically heterogeneous.[10]
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Next, the scope of the present Ru(OH)x/Al2O3-catalyzed
reaction with regard to various kinds of structurally diverse
primary alcohols was examined. Ru(OH)x/Al2O3 showed high
catalytic activities for the transformation of benzylic, allylic,
and heteroatom-containing alcohols, as summarized in
Table 2. The transformation of benzylic alcohols 1a–1 g,
which contain electron-donating as well as electron-with-
drawing substituents, efficiently proceeded to afford the
corresponding aromatic nitriles in high yields (Table 2,
entries 1–7). In the transformation of allylic alcohols 1h and
1 i, the corresponding unsaturated nitriles could be obtained
without isomerization, hydrogenation, and hydration of the
double bonds (Table 2, entries 8 and 9). Also, heteroatom-
containing alcohols 1j–1m were converted into the corre-
sponding nitriles in high yields (Table 2, entries 10–13).
Additionally, the present Ru(OH)x/Al2O3 catalyst could be
employed for the one-pot synthesis of amides through the
oxidative synthesis of nitriles from alcohols and ammonia and
the subsequent hydration of the nitriles formed.[11] For
example, the corresponding amide 4b could be obtained in
70% yield for the transformation of 1b under the conditions
described in Scheme 1. After the reaction was completed, the
Ru(OH)x/Al2O3 catalyst could easily be retrieved from the
reaction mixture by filtration (or centrifugation). In the
recycling experiment using the retrieved catalyst, an 81%
yield of 2 a was obtained from the transformation of 1a by
using the reaction conditions described in Table 2.

The reaction profile for the transformation of 1a into 2a
showed that the corresponding aldehyde 3a was initially
produced, followed by the formation of 2a. In addition,
Ru(OH)x/Al2O3 showed high catalytic performance for the
oxidative transformation of various kinds of structurally
diverse aldehydes including benzylic, allylic, heteroatom-

containing, and aliphatic aldehydes in the presence of
ammonia and air (Table 3). Thus, the present Ru(OH)x/
Al2O3-catalyzed transformation possibly proceeds through
three sequential reactions, that is, the aerobic oxidative
dehydrogenation of alcohols to aldehydes,[6a,b] the dehydrative
condensation of the aldehydes and ammonia into imines,[12]

and the aerobic oxidative dehydrogenation of the imines to
produce the corresponding nitriles.[6b,c] A possible reaction
mechanism for the present transformation is given in
Scheme S1 in the Supporting Information.

Table 1: Transformation of 2-naphthalenemethanol (1a) into 2-naphtho-
nitrile (2a).[a]

Entry Catalyst Yield [%][b]

2a 3a

1 Ru(OH)x/Al2O3 74 17
2 Au(OH)x/Al2O3 10 29
3 Pd(OH)x/Al2O3 n.d. 1
4 Pt(OH)x/Al2O3 n.d. 5
5 Rh(OH)x/Al2O3 n.d. 2
6 Ru/C 22 30
7 RuHAP 4 11
8 RuO2 anhydrous n.d. n.d.
9 RuCl3·nH2O n.d. n.d.
10 [Ru(acac)3] n.d. n.d.
11 [RuCl2(PPh3)3] 2 4
12 [{RuCl2(p-cymene)}2] 2 6
13 [Ru3(CO)12] n.d. 3
14[c] Al2O3 n.d. 2
15 none n.d. n.d.

[a] Reaction conditions: 1a (0.5 mmol), catalyst (metal: 0.05 mmol),
0.45m solution of ammonia in THF (2 mL, NH3/1a =1.8), air (6 atm),
120 8C, 1 h. [b] Yields were determined by GC and 1H NMR analyses.
n.d. = not detected (<1%). [c] 200 mg. acac = acetylacetonate.

Table 2: Scope of the Ru(OH)x/Al2O3-catalyzed transformation of pri-
mary alcohols into nitriles.[a]

Entry Substrate t [h] Product Yield [%][b]

1 1a 3 2a 96 (91)

2 1b 5 2b 72

3 1c 5 2c 80

4 1d 5 2d 85

5 1e 5 2e 83

6 1 f 5 2 f 92 (82)

7 1g 6 2g 82

8 1h 5 2h 82

9 1 i 5 2 i 76

10 1 j 7 2 j 80

11 1k 7 2k 67

12 1 l 6 2 l 81

13[c] 1m 12 2m 65

[a] Reaction conditions: primary alcohol (0.5 mmol), catalyst (Ru:
0.05 mmol), 0.45m THF solution of ammonia (2 mL, NH3/alcohol=
1.8), air (6 atm), 120 8C. [b] Yields were determined by GC and
1H NMR analyses (also see Table S1 in the Supporting Information).
Values in the parentheses are the yields of the isolated products.
[c] 130 8C.

Scheme 1. One-pot synthesis of benzamide. Reaction conditions:
a) alcohol (0.5 mmol), catalyst (Ru: 0.05 mmol), 0.45m solution of
ammonia in THF (2 mL, NH3/alcohol= 1.8), air (6 atm), 120 8C, 5 h;
b) addition of water (2 mL), Ar (5 atm), 150 8C, 24 h.
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In conclusion, Ru(OH)x/Al2O3 served as an efficient
heterogeneous catalyst for the aerobic oxidative synthesis of
nitriles directly from alcohols (or aldehydes) and ammonia.
Furthermore, the one-pot synthesis of amides could also be
realized. The observed catalysis was truly heterogeneous. The
results demonstrated herein will open up a new avenue for the
green nitrile synthesis, which avoids the use of the conven-
tional hazardous reagents, such as inorganic cyanides, in
stoichiometric amounts.

Experimental Section
General procedure: An alcohol (or an aldehyde) (0.5 mmol),
Ru(OH)x/Al2O3 (Ru: 0.05 mmol), and a solution of ammonia in
THF (2 mL, 0.45m, NH3/substrate = 1.8) were placed in a Teflon
vessel with a magnetic stir bar. The Teflon vessel was placed inside an
autoclave, and the reaction was carried out at 120–1308C (bath
temperature) under 6 atm of air. The reaction rates were not affected
by stirring rates ranging from 500 to 1000 rpm. After the reaction was
completed, the used Ru(OH)x/Al2O3 catalyst was removed by
filtration (or centrifugation), washed with acetone, an aqueous
solution of NaOH (0.1m), and water, and then dried in vacuo prior
to being recycled. The product nitrile was isolated after purification
using silica gel column chromatography (diethyl ether). The products
were confirmed by the comparison of their GC retention times, GC
mass spectra, and 1H and 13C NMR spectra with those of authentic
samples.
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