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ABSTRACT

A selective and catalytic mono- N-alkylation method of both aromatic and aliphatic amines using nitriles as an alkylating agent with Pd/C or
Rh/C as a catalyst is described. This method is particularly attractive to provide an environmentally benign and applicable alkylation method
of amines without using toxic and corrosive alkylating agents such as alkyl halides and carbonyl compounds.

The selective alkylation of primary amines to secondary
amines represents an important class of chemical transforma-
tions that have found extensive use in the construction of a
vast range of natural products, bioactive molecules, and
industrial materials.1 This broad utility has made secondary
amines important synthetic targets, and traditional routes to
their preparation are mainly classified into three categories,
i.e., direct base-promoted mono-N-alkylation,2 reductive
amination,3 and alkylative amination.4 In these cases, the use
of toxic and corrosive alkylating reagents5 or carbonyl
compounds and the frequent generation of wasteful salts as
byproducts are undesirable in view of environmental con-
cerns.6 Besides, these methods are not always selective for

monoalkylation of primary amines,7,8 which leads to mixtures
of secondary and tertiary amines that are quite difficult to
separate.1 To prevent overalkylation, troublesome and ex-
pensive multistep methods have been devised such as partial
protection of primary amines8 and reduction of mono-N-
substituted amides.9,10 However, the reaction conditions are
often drastic (high temperature, basic conditions, etc.) or
reagents are not readily available. To overcome these
difficulties, highly selective, environmentally benign, and
convenient mono-N-alkylation of primary amines is an
important synthetic goal. We report an entirely new Pd/C
and Rh/C-catalyzed selective monoalkylation of amines using
nitriles as alkylating reagents.
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Initially, we examined 10% Pd/C-catalyzedN-ethylation
of aniline (1), aromatic amine, with MeCN under various
conditions. Amazingly, mono-N-ethylaniline (2a) was ob-
tained at ambient temperature and under hydrogen pressure
in MeCN as a solvent although the formation of a minimal
amount of overalkylatedN,N-diethylaniline (3a) was ob-
served (Table 1, entry 1). The effect of MeOH as a solvent

is essential for this reaction, and the use of only 2 equiv of
MeCN versus aniline gave a thoroughly selective result as
shown in Table 1, entry 3.

It is well-known that the hydrogenation of nitriles under
relatively vigorous hydrogenation conditions over platinum
metal catalysts is favorable for the formation of symmetrical
secondary and tertiary amines.11 While it is quite expected
that the hydrogenation of nitriles in the presence of amines
can produce unsymmetrical amines,12 only a few examples
of selective mono-N-alkylation of amines have been reported
in the literature because nitriles are not so reactive under
hydrogenation conditions and the regulation of the selective
reaction is very difficult.11,13 Such conventional procedures
are all limited to the substrate and require large excess
amount of amines and elevated hydrogen pressure and/or
higher temperature.14

The Pd/C-catalyzed reductive mono-N-alkylation of aniline
(1) using various nitriles is summarized in Table 2. The
present mono-N-alkylation system could be applied to a
variety of primary, secondary, and tertiary nitriles while the
use of 5 equiv of nitriles gave better results except only
MeCN (entry 1). When PrCN,iPrCN, iBuCN, tBuCN, Me-
(CH2)10CN, or cyclohexanecarbonitrile was used as an
alkylating reagent, the alkylation was incomplete (see entries
3 and 5). This drawback can be overcome by the use of
distilled reagents (entries 4, 6, 8, 10, 12, and 13, see the
Supporting Information). If the yield was still lower (entries
9 and 11), the multiplication of 10% Pd/C (20 wt %) and/or
the addition of 1.0 equiv of NH4OAc as an additive gave
complete results (entries 10, 12, and 13).N-Alkylation of
aniline (1) with nitriles bearing alcohol and acetal proceeded
to give the corresponding mono-N-alkylated anilines (2) in
excellent yields (entries 14 and 16). For the alkylation using
succinonitrile under the same conditions,N-(3-cyanopropyl)-
aniline was isolated as the sole product (entry 15).

We next examined the mono-N-alkylation of other aro-
matic amines (4). Mono-N-alkylation of aniline derivatives
with MeCN bearing electron-donating (OMe, NHCOMe) and
electron-withdrawing (Ph, F, CO2H, CF3) substituents at the
aromatic ring smoothly and selectively proceeded to give
the corresponding mono-N-alkylated aniline derivatives (5)
in nearly quantitative yields (Table 3, entries 1-6). Although
the reaction of 4-trifluoromethylaniline with MeCN did not
give a satisfactory result (entry 7), the addition of 1.0 equiv
of NH4OAc is very efficient for the selective mono-N-
alkylation of 4-trifluoromethylaniline (entry 8). Other aro-
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Table 1. Reductive Mono-N-alkylation of Aniline Using
MeCN

entry MeCN (equiv) solvent time (h) 1/2a/3aa

1 38b 24 0:98:2
2 5 MeOH 24 0:89:11
3 2 MeOH 25 0:100 (85)c:0
4 1.5 MeOH 24 8:92:0

a Determined by1H NMR. b MeCN was used as a solvent.c Isolated
yield.

Table 2. Reductive Mono-N-alkylation of Aniline Using
Various Nitriles

entry RCN
additive
(1 equiv)

time
(h) 1/2/3a

1 MeCNb 25 0:100 (85)c: 0
2 EtCN 29 2:98:0
3 PrCN 42 5:95:0
4 dist. PrCN 19 0:99:1
5 iPrCN 24 100:0:0
6 dist. iPrCN 28 0:100 (88)c:0
7 BuCN 48 0:100 (89)c:0
8 dist.iBuCN 49 5:95:0
9 dist. tBuCN 56 81:19:0

10d dist. tBuCN NH4OAc 24 0:100 (80)c:0
11 dist. Me(CH2)10CN 72 72:28:0
12d dist. Me(CH2)10CN 48 0:100: 0
13 dist. CyCN NH4OAc 24 0:100 (quant)c: 0
14 HO(CH2)2CN 53 0:100 (81)c: 0
15 (CH2CN)2 27 0:100 (86)c ,f: 0
16 (MeO)2CH(CH2)2CN 24 0:100: 0
17 BnCN 27 1:99:0

a Determined by1H NMR. b 2 equiv of MeCN was used.c Isolated yield.
d 20 wt % of 10% Pd/C was used.e Cy ) cyclohexyl. f N-(3-Cyanopropyl)-
aniline was isolated as a sole product.
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matic primary amines,â-naphthylamine and 3-aminopyri-
dine, were also applicable to this alkylation (entries 9 and
10).

As illustrated in Scheme 1, this process can also be useful
for indole (8) synthesis15 via Pd/C-catalyzed intramolecular
cyclization under quite mild reaction conditions.

To expand this methodology, the one-pot synthesis of
mono-N-alkylanilines (2) starting from nitrobenzene (9) with
nitriles was attempted (Table 4). Indeed, the desired mono-
N-alkylanilines (2) can be readily and selectively obtained

by a one-pot process without isolation of the intermediary
aniline (1) and the overalkylated product (3).

On the basis of the successful demonstration of Pd/C-
catalyzed reductive mono-N-alkylation of aromatic amines,
we next explored the applicability of this procedure to the
mono-N-alkylation of aliphatic primary amines (10). Unfor-
tunately, quantitative formation of tertiary amines (12)
(selective di-N-alkylation) is observed with 10 wt % of 10%
Pd/C as a catalyst in the presence of 3-5 equiv of nitriles
in MeOH as a solvent at ambient temperature and under
hydrogen pressure (Table 5, entries 1-3). While the in-
creased nucleophilicity of the aliphatic amine may lead to
the formation of tertiary amines, thereby making the control
of the monoselectivity of the reaction difficult during the
course of our continuous investigation, we have found the
excellent catalytic activity of 5% Rh/C toward selective
mono-N-alkylation of aliphatic primary amines.16 In each
reaction, a secondary amine (11) was formed nearly quan-
titatively when the reaction was performed at ambient
temperature and under H2 pressure in the presence of 10 wt
% of 5% Rh/C and 2 equiv of nitriles (Table 5, entries 4-6).

A useful application of these results in Table 5 is to
transform a primary amine (13) into tertiary amine (15)
possessing all different substituents via 5% Rh/C-catalyzed
mono-N-alkylation of 13 with accompanying subsequent
10% Pd/C-catalyzedN-alkylation of intermediary 14 as
shown in Scheme 2.

The simple reduction of aliphatic nitriles scarcely pro-
ceeded under the present reaction conditions and appropriate

(15) Takeda, A.; Kamijo, S.; Yamamoto, Y.J. Am. Chem. Soc.2000,
122, 5662-5663.

(16) Rylander et al. reported the hydrogenation of valeronitrile in the
presence of butylamine gives butylpentylamine selectively with 5% Rh/C
in octane as a solvent under 50 psi of H2 although the reaction required 6.6
equiv of butylamine to avoid the formation of dipentylamine.13a

Table 3. Reductive Mono-N-alkylation of Various Aromatic
Amines Using MeCN

entry ArNH2 time (h) 4/5/6a

1b 3,4,5-(MeO)3C6H2NH2 22 0:100 (100)c:0
2 4-MeCONHC6H4NH2 12 0:99 (97)c:1
3d 2-PhC6H4NH2 24 0:98 (95)c:2
4e 4-FC6H4NH2 12 0:100 (95)c:0
5 4-HO2CC6H4NH2 10 0:100 (94)c:0
6f 2-HO2CC6H4NH2 26 0:100 (91)c:0
7 4-CF3C6H4NH2 54 65:35:0
8g 4-CF3C6H4NH2 24 0:100 (99)c:0
9d,f â-naphthylamine 47 0:97:3

10h 3-aminopyridene 58 11:89:0

a Determined by1H NMR. b 2 equiv of MeCN was used.c Isolated yield.
d MeCN was used as a solvent.e AcOEt was used as a solvent.f 20 wt %
of 10% Pd/C was used.g 1.0 equiv of NH4OAc was used as an additive.
h 30 wt % of 10% Pd/C was used.

Scheme 1

Table 4. Preparation of Mono-N-alkylaniline Delivatives from
Nitrobenzene (9)

entry RCN time (h) 1/2/3a

1 dist. PrCN 20 0:100 (71)b:0
2c dist. iPrCN 19 0:100 (quant)b:0
3 dist. BuCN 20 0:100 (69)b:0
4d dist. iBuCN 24 0:100 (85)b:0
5 dist. Me(CH2)10CN 66 0:100 (90):0

a Determined by1H NMR. b Isolated yield.c 20 wt % of 10% Pd/C was
used.d 1.0 equiv of NH4OAc was used as an additive.e 30 wt % of 10%
Pd/C was used.

Table 5. ReductiveN-Alkylation of Aliphatic Amines

entry RCN (equiv) catalyst time (h) 10/11/12a

1 MeCN (3) 10% Pd/C 24 0:0:100 (94)b

2c PrCN (5) 10% Pd/C 29 0:0:100 (quant)b

3 BuCN (5) 10% Pd/C 29 0:0:100 (90)b

4 MeCN (2) 5% Rh/C 24 0:100 (96)b:0
5 PrCN (2) 5% Rh/C 34 3:97 (82)b:0
6 BuCN (2) 5% Rh/C 13 3:97 (71)b:0

a Determined by1H NMR. b Isolated yield.c 1.0 equiv of NH4OAc was
used as an additive.

Scheme 2
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nucleophilicity of amines and catalyst activity of Pd/C or
Rh/C are plausibly important for achievement of the selective
alkylation. On the basis of these results, amidine formation
by the nucleophilic attack of amines on the nitrile carbon
suitably activated by the mild coordination of Pd or Rh is a

key step for the selective alkylation (Scheme 3); however,
the exact intermediate is not known yet.

In summary, we have developed a selective and reductive
mono-N-alkylation method of both aromatic and aliphatic
amines using nitriles as an alkylating reagent. This method
is particularly attractive to provide alkyl halides or carbonyl
compounds and is environmentally benign and applicable
alkylation of amines.

Supporting Information Available: Experimental pro-
cedure and1H NMR and13C NMR spectra for the new and
known product compunds. This material is available free of
charge via the Internet at http://pubs.acs.org.
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Scheme 3
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