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Reductive N-alkylation of aromatic amines and nitro
compounds with nitriles using polymethylhydrosiloxaneI
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Abstract—The potential utility of polymethylhydrosiloxane (PMHS) as a reducing agent for reductive N-alkylation of aromatic
amines and nitro compounds using nitriles as an alkylating agent and Pd(OH)2/C as a catalyst is described. The application of this
method for the synthesis of several heterocyclic compounds is also reported.
� 2007 Elsevier Ltd. All rights reserved.
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The development of new reduction procedures using
safe and practically useful reducing agents is of great
importance. Existing reducing agents such as H2 (gas),
NaBH4, LiAlH4 and DIBAL-H, although efficient in
producing good yields of the desired products, require
precautions in handling. The title reagent, namely, poly-
methylhydrosiloxane (PMHS) is being investigated as a
safe, easy-to-handle, cheap and environmentally benign
reagent for the reduction of organic functional groups.1

This reagent is very inert making it safe-to-handle, but
in the presence of an activator, it acts as an excellent
reducing agent. In continuation of our interest in
exploring the potential use of PMHS as a reducing
agent,2 herein we report a new and efficient method
for the reductive mono N-alkylation of nitro
compounds and amines with nitriles as an alkylating
agent using PMHS in the presence of Pd(OH)2/C as a
catalyst (Scheme 1).

Traditional methods for this transformation are base
mediated N-alkylation using toxic and corrosive alkyl-
ating agents,3 reductive amination,4 alkylative amination5

and other alkylation methods,6 but most of these suffer
from disadvantages. There are reports on reductive
alkylation of amines using nitriles as the alkylating
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agent with hydrogen (gas) as a reductant in the presence
of different types of catalysts, but only a few examples of
selective mono N-alkylation have been reported.7 Some
of these procedures are limited to only a few substrates,
require large quantities of amine and elevated hydrogen
pressure and/or higher temperature or longer reaction
times. Recently, Hudson et al. have used ammonium
formate as a reducing agent for this reductive
alkylation.8

Initially, aniline 1a and acetonitrile were reacted in the
presence of polymethylhydrosiloxane and 10% Pd/C in
ethanol as solvent at room temperature and the forma-
tion of N-ethylaniline 2a was observed in 82% yield
(entry 1). A similar reaction in the presence of 20%
Pd(OH)2/C (20 mg/mmol)9 gave the mono N-alkylated
product in 86% yield (entry 2). To rationalize this find-
ing, various anilines were alkylated with acetonitrile in
the presence of PMHS and 20% Pd(OH)2/C in ethanol
to give the corresponding N-ethyl products in reason-
ably good yields (entries 3–5). The debrominated
product was isolated in the case of entry 5. Alkylation
of anilines 1a and 1d were also studied using ethyl
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Table 1. Reductive N-alkylation of aromatic amines and nitro compounds

Entry Substrate Nitrile Time (h) Producta Yieldb (%)

1
NH2

1a
CH3CN 4

H
N

2a
82c

2
NH2

1a CH3CN 2

H
N

2a
86

3

NH2

1b
CH3CN 4

HN

2b
64

4
NH2

OMe

MeO

1c
CH3CN 5

OMe

MeO
H
N

2c
75

5
NH2

Br
1d CH3CN 0.5

H
N

2a
88

6
NH2

1a
NC

OEt

O
3

H
N

O

OEt

2d
68

7
NH2

Br
1d

NC
OEt

O
2

H
N

O

OEt
2d

75

8
NH2

1a
NC

NH2

O
4

H
N

O

NH2

2e
76

9
NH2

Br
1d

NC
NH2

O
3

H
N

O

NH2

2e
74

10
NO2

1e
CH3CN 0.5

H
N

2a
72

11
NO2

H3C
1f CH3CN 1

H
N

H3C
2f 73

12
NO2

H3C
1f NC

OEt

O
1.5

H
N

O

OEt

H3C 2g
69

13
NO2

H3C
1f NC

NH2

O
2

H
N

O

NH2

H3C 2h
65

14
NH2

F
1g CH3CN 0.5

H
N

F
2i 63

a All the products were characterized by 1H NMR, mass and IR spectroscopy.
b Isolated yields.
c 10% Pd/C was used as the catalyst.
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cyanoacetate and cyanoacetamide to afford the products
2d and 2e in good yields without affecting the ester and
amide functionalities (entries 6–9). Debromination of 1d
(entries 5, 7 and 9) is, however, noted as a limitation. We
next turned our attention to alkylation of nitro com-
pounds. Accordingly, nitrobenzene 1e was treated with
acetonitrile in the presence of polymethylhydrosiloxane
and 20% Pd(OH)2/C in ethanol at room temperature
to give N-ethylaniline 2a in 72% yield. Similarly, p-nitro-
toluene was alkylated with acetonitrile, ethyl cyano-
acetate and cyano acetamide under similar conditions
to yield 2f, 2g and 2h (Table 1, entries 11–13). Substrate
1g having an electron-withdrawing substituent also
underwent reaction with the present reagent system to
provide the corresponding mono alkylated product 2i
in 63% yield (Table 1, entry 14). An attempt was made
to reuse the catalyst, but was unsuccessful.

In order to demonstrate the scope of this method, we
have prepared several starting materials possessing nitro
and cyano groups and studied the intramolecular reduc-
tive N-alkylation reaction. Accordingly, compound 3a
was subjected to PMHS in the presence of 20%
Pd(OH)2/C in ethanol at room temperature to give the
corresponding 3,4-dihydro-2H-1,4-benzoxazine (4a) in
73% yield. Similarly, 3b gave the corresponding benz-
oxazine 4b in 67% yield. When compound 3c was
subjected to the present reductive N-alkylation
conditions, 3-substituted-1,2-dihydroquinoline 4c was
obtained in 72% yield.

In conclusion, we have demonstrated that PMHS is a
versatile reducing agent for reductive mono N-alkyl-
ation of aromatic amines and nitro compounds with
nitriles as alkylating agents. The applicability of this
method for the synthesis of 3,4-dihydro-2H-1,4-benzox-
azines and dihydroquinolines is also described and fur-
ther applications towards expanding the substrate
scope are underway. We believe that the reagent system
described herein may find wide applicability in organic
synthesis due to its efficiency, economy, simplicity and
safety.
Table 2. Intramolecular reductive N-alkylation

Entry Substrate Time
(h)

Producta Yieldb

(%)

1

NO2

O CN

3a

0.5
N
H

O

4a
73

2
NO2

O CN

3b
CH3

0.5
N
H

O

4b
CH3

67

3

NO2

CO2Et

3c
CN

1
N
H

4c

CO2Et

72

a All the products were characterized by 1H NMR, mass and IR
spectroscopy.

b Isolated yields.
General experimental procedure: To a stirred solution of
substrate (1 mmol) in ethanol (5 mL) was added the
nitrile (1 mmol), polymethylhydrosiloxane (180 mg,
3 mmol) and 20% Pd(OH)2/C (�20 mg) and the reaction
mixture was stirred at room temperature for the given
time (see Tables 1 and 2). After completion of the
reaction, the mixture was filtered through Celite and
the filtrate was evaporated in vacuo. The residue was
purified by column chromatography on silica gel to give
the corresponding N-alkylated products.10
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