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Amination at the ¢-position of 2-arylpropionitriles through
catalytic dehydrogenation occurred by using [PdCl2(PMe3)2]
catalyst and bromobenzene. This is the first catalytic reaction
involving the direct dehydrogenation of saturated nitriles.

Developments of functionalizations on the alkane moiety of
saturated nitriles would offer a new synthetic route to a variety
of nitriles.1 The saturated nitriles undergo deprotonation at their
¡-position with a base, and the generated (¡-cyano)carbanion
reacts with an electrophile to afford an ¡-substituted nitrile.2

However, no report has been made on the functionalization of
saturated nitriles at the ¢-position. The transition-metal-cata-
lyzed ¢-functionalizations of saturated carbonyl derivatives
through C­H activation using the carbonyl group as a directing
group have been studied widely,3 but the cyano group has never
worked as the directing group for the sp3-hybridized C­H
activation because it does not strongly coordinate to the metal in
a side-on manner. Therefore, it is important to develop a new
method for a ¢-functionalization of saturated nitriles.

In 2009, we reported a catalytic method for a carbon­
nitrogen bond formation of ethyl ketones at the ¢-position.4 The
ethyl ketones undergo dehydrogenation, 1,4-addition, and re-
dehydrogenation to give ¢-amino-¡,¢-unsaturated ketones in
the presence of chlorobenzene and a trimethylphosphine­nickel
catalyst. Recently, Su,5 Clot and Baudoin,6 and Pihko7 also
independently reported ¢-functionalization of some saturated
carbonyl and nitro compounds through dehydrogenation and
addition sequences. Herein we report a ¢-amination of saturated
nitriles through tandem catalytic dehydrogenation, conjugate
addition, and re-dehydrogenation of saturated nitriles, which
are transformed into ¢-aminated ¡,¢-unsaturated nitriles
(Scheme 1).

Initially, a mixture of 2-phenylpropionitrile (1a), morpho-
line (2a), cesium carbonate, and chlorobenzene was heated
in the presence of a catalytic amount of trimethylphosphine and
[Ni(cod)2] in cyclopentyl methyl ether (CPME) at 100 °C
(Table 1, Entry 1). Unfortunately, 1a remained intact at 40 h.
Next, palladium was used in place of the nickel catalyst since the
palladium complexes have been used as efficient catalysts for the
dehydrogenation of carbonyl compounds.8,9 In the presence of
[{Pd(©3-allyl)Cl}2] and three equivalents of trimethylphosphine,
the reaction was conducted by using bromobenzene in place
of chlorobenzene,10 the formation of a small amount of ¢-
enaminonitrile 3a was detected by GC analysis at 40 h (Entry 2).
When the amount of trimethylphosphine was decreased to two
equivalents to palladium, 1a completely disappeared at 40 h and
the yield of 3a was dramatically increased to 86% (Entry 3). Use

of equimolar trimethylphosphine to palladium caused a slight
decrease in the yield of 3a, while the 1:1 complex showed higher
catalytic activity (Entry 4).11 In the course of the optimization
with trimethylphosphine, neither ¡-phenylation of 1a (4a)12 nor
N-phenylation of 2a13 was observed by GC analysis.

Next, we investigated the effect of the monodentate
phosphine ligand. When tributylphosphine was used in place
of trimethylphosphine, 3a was produced in 61% yield with the
formation of ¡-phenylated nitrile 4a in 2% yield (Entry 5).12 We
used some phosphines to elucidate the correlation between the
cone angle of the ligands and the product ratio of 3a/4a (Entries
6­8). In these reactions, the ratio of 3a/4a decreased with the
increasing cone angle of the phosphine ligand.14,15 Moreover,
[PdCl2(PMe3)2] was the most effective catalyst, producing 3a in
89% yield (Entry 9).

Scheme 1. ¢-Amination of saturated nitriles through a cata-
lytic dehydrogenation.

Table 1. Catalytic ¢-amination of 2-phenylpropionitrile (1a)
with morpholine (2a)a

Entry [M] X Ligand
Yield of
3a/%b

Yield of
4a/%c 3a:4a

1d [Ni(cod)2] 3 PMe3 0 0 ®

2 [{Pd(©3-allyl)Cl}2] 3 PMe3 6 0 >99:1
3 [{Pd(©3-allyl)Cl}2] 2 PMe3 86 0 >99:1
4 [{Pd(©3-allyl)Cl}2] 1 PMe3 76 0 >99:1
5 [{Pd(©3-allyl)Cl}2] 2 PBu3 61 2 97:3
6 [{Pd(©3-allyl)Cl}2] 2 P(2-furyl)3 58 10 85:15
7 [{Pd(©3-allyl)Cl}2] 2 PPh3 71 22 76:24
8 [{Pd(©3-allyl)Cl}2] 2 PCy3 42 22 66:34
9 [PdCl2(PMe3)2] ® 89 0 >99:1

aAll reactions were conducted in CPME (1.0mL). The ratio
of 1a (0.2mmol)/2a/[M]/Cs2CO3/PhBr was 10:20:1:40:40.
bThe GC yield of 3a is average of two runs. cThe GC yield of
4a is average of two runs. dChlorobenzene was used in place
of bromobenzene.
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With [PdCl2(PMe3)2] catalyst, we explored the scope of the
¢-amination of saturated nitriles. The results are summarized in
Table 2. The reaction of various para-substituted 2-arylpropio-
nitriles 1 was conducted (Entries 2­6). Electron-withdrawing
groups scarcely affect the yield of 3 (Entries 2­5). The
chlorinated substrate 1e was converted into 3e without losing
the carbon­chlorine bonds, although most trialkylphosphine­
palladium complexes are known to cleave the carbon­halogen
bond (Entry 5).16 Electron-donating methoxy groups on the
aromatic ring cause a decrease in the yield of 3f (Entry 6). When
the reaction of propionitrile and ¡-alkylated propionitriles was
conducted, no reaction was observed.17 The nitriles 1 reacted
with some secondary amines 2 to be converted to ¢-enaminoni-
triles 3 (Entries 7­11). Piperidine (2b) smoothly reacted with 1f
and 1a, affording 3g and 3h in 78% and 92% yields (Entries 7
and 8). N-Boc-piperazine (2c), pyrrolidine (2d), and acyclic
secondary amine 2e could be employed as substrates to afford
the corresponding ¢-aminated acrylonitriles 3i­3k (Entries 9­
11). It is noteworthy that a primary amine 2f participated in the
palladium-catalyzed ¢-amination of 1a, although the primary
amine did not work as a nucleophile for the related nickel-
catalyzed reaction of ketones in our previous reports4 (Entry 12).

A possible reaction pathway for the formation of 3a is
shown in Scheme 2. The phenylpalladium bromide A, generated
by the oxidative addition of bromobenzene to palladium(0),
reacts with the deprotonated 1a to give the (¡-cyanoalkyl)(phen-
yl)palladium complex B. ¢-Hydrogen elimination from B occurs
to produce ¡,¢-unsaturated nitrile 5 and the palladium(II)
hydride complex C.18 1,4-Addition of amine to 5 leads to the
formation of the carbon­nitrogen bond at the ¢-position.19 The
final product 3a is formed by the reoxidation of the ¢-
aminonitrile 6 with a base and A through the ¢-hydrogen
elimination from the (2-amino-1-cyanoalkyl)palladium D. The

forementioned intermediate C undergoes reductive elimination
to regenerate the palladium(0) species and produce benzene.20

On the other hand, reductive elimination from the intermediate B
gives ¡-phenylated product 4a. The reductive elimination from
B would be accelerated by using the bulkier monophosphine
ligand.21 Therefore, the formation of the ¡-phenylated product
4a was observed when the bulkier ligand with the larger cone
angle was used in place of trimethylphosphine (Table 1, Entries
5­8).

The ¢-enaminonitrile 3 could be transformed into various
organic molecules with an operationally simple method
(Scheme 3). After the ¢-amination of 1a with 2b, the resulting
mixture was heated in the presence of aqueous hydrochloric acid
at 40 °C for 2 h.22 The enamine moiety in 3h was hydrolyzed to
form ¡-cyanophenylacetaldehyde (7) in 80% yield. The one-pot
transformation is equivalent to an oxidation of the terminal
¢-carbon of propionitriles. After the reaction of 1a with 2b, the
resulting suspension was filtered and concentrated, and then the
unpurified product 3h was treated with hydrazine under micro-
wave irradiation.23 As a result of the sequential manipulation,
3-aminopyrazole 8 was obtained in only two steps from 1a.

In conclusion, we successfully developed the catalytic
¢-amination of saturated nitriles. To the best of our knowledge,
this is the first catalytic reaction that involves the direct
dehydrogenation of saturated nitriles. In addition, the small
monophosphine, trimethylphosphine, was found to be an
effective ligand for avoiding the reductive elimination leading
to the formation of the undesired by-product. Further studies on
the bond formation through catalytic dehydrogenation by using

Table 2. Scope of palladium-catalyzed ¢-amination of nitriles
1 with amines 2a

Entry Ar (1) HNR1R2 (2) 3
Time
/h

Yield
/%b

1 Ph (1a) morpholine (2a) 3a 40 82
2 p-CF3C6H4 (1b) 2a 3b 40 80
3 p-FC6H4 (1c) 2a 3c 40 70
4 p-MeO2CC6H4 (1d) 2a 3d 20 76
5 p-ClC6H4 (1e) 2a 3e 40 83
6 p-MeOC6H4 (1f) 2a 3f 72 41
7 1f piperidine (2b) 3g 40 78
8 1a 2b 3h 40 92
9 1a 2cc 3i 60 60

10 1a pyrrolidine (2d) 3j 72 50
11 1d HNBu2 (2e) 3k 40 68
12d 1a n-OctylNH2 (2f) 3l 72 63
aAll reactions were conducted in CPME (2.0mL). The
ratio of 1 (0.4mmol)/2/[PdCl2(PMe3)2]/Cs2CO3/PhBr was
10:20:1:40:40. bYields of the isolated product 3. cCompound
2c is N-Boc-piperazine. dThe reaction was conducted at
120 °C.

Scheme 2. A plausible pathway for the reaction of 1a with 2a.

Scheme 3. Transformation of ¢-enaminonitrile 3h.
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the combination of the transition-metal catalyst and halobenzene
are currently underway in our group.
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