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One-pot reductive monoalkylation of nitro aryls with hydrogen
over Pd/C
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Abstract

A range of different nitro aryls were converted in one-pot to the corresponding secondary alkyl amino aryls in good to excellent yields
by using aldehydes as alkyl source and hydrogen over Pd/C (10%) as reducing agent. In all examples, but one, the secondary amine was
the sole alkylation product isolated. When formaldehyde was used as the alkyl source, substantial amount of the corresponding tertiary
amine was isolated, however, by altering the reaction conditions slightly the corresponding secondary amine could be isolated in superb
yield.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The nitro group is a versatile moiety in organic synthe-
sis.1 Especially, aromatic nitro compounds are frequently
used in synthesis, mostly due to their ease of formation
and their subsequent efficient conversion to aromatic
amines.2 Primary aromatic amines in their place are vital
starting materials for further elaboration to secondary
amines, which for example, are important pharmacophores
in numerous biologically active compounds.3 However,
preparing secondary amines and obtaining them in good
yields with high selectivity still remain a challenge.3

There have been a few reports describing the one-pot
reductive monoalkylation of aromatic nitro compounds
using hydrogen and Raney nickel,4 decaboran,5,6 hydrogen
and Pd/C (10%),7 ammonium formate and Pd/C (5%)8 or
polymethylhydrosiloxane, and Pd(OH)2/C (20%)9 as the
reducing agent and ethanol [acetaldehyde is the actual alkyl
source (ethanol is oxidized under the reaction conditions to
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give acetaldehyde)],4 carbonyls,5,6 or nitriles7–9 as the alkyl
source. Conversion of nitro aryls to the corresponding car-
bamates (Boc and CO2Et) using Sn/NH4Cl and Boc2O or
ClCO2Et in one-pot has also been reported.10 Herein we
report a simple one-pot procedure for the reductive mono-
alkylation of nitro aryls with aldehydes using hydrogen
over Pd/C (10%) as the reducing agent.11
2. Results and discussion

The work presented herein was prompted by an interest-
ing finding during the conversion of nitro aryl 1 to primary
amine 2, required as an intermediate for the synthesis of the
corresponding aryl azide.12 We observed that prolonged
reaction time (48 h) provided a significant amount (41%)
of secondary amine 3a (Scheme 1). Interestingly no trace
of the corresponding tertiary amine was formed under
these conditions.

The alkylation agent in the forgoing reaction is most
likely the corresponding aldehyde, viz. acetaldehyde, which
is formed in low quantity during the reaction by the
dehydrogenation of the solvent upon reaction with Pd.13
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Scheme 1. Initial finding.
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Indeed, when a control experiment was performed where
1.1 equiv of acetaldehyde was added to the reaction
mixture from the start, it resulted in quick conversion of
Table 1
Reductive monoalkylation of nitro aryls

Entry Starting material Aldehyde (equiv) Time

1 1a CH3CHO (ca. 1.1)b 3

2 1a HCHO (1.0)c 3
3 1a CH3CH2CHO (1.6) 4

4

1b

OMe

NO2EtO2C
CH3CHO (ca. 1.7)b 6

5

1c

OMe

NO2HO2C
CH3CHO (ca. 1.6)b 16

6

1d

F

NO2EtO2C CH3CHO (ca. 1.1)b 7

7

1e

OMe

NO2

CH3CHO (ca. 1.6)b 8

8 1e CH3CH2CHO (1.6) 6.5

9

1f

MeO

NO2
CH3CHO (ca. 1.1)b 5

10 1f CH3CH2CHO (1.6) 6.5

a All compounds had characterization data consistent with the assigned stru
b Acetaldehyde is supplied as a ca. 2% solution in DMF.
c Formaldehyde solution was used (37 wt % in water).
d Ethyl-(3-dimethylamino-4-methoxyphenyl)acetate (4) (16%) and ethyl-(3-am
compound 1 to the corresponding secondary amine 3a

(98% isolated yield) in the course of 3 h (Table 1, entry 1)
(no trace of the tertiary amine could be detected by 1H
NMR).

Acetaldehyde is most likely formed from ethanol via a
similar mechanism to the one recently proposed by Sajiki
et al. to explain the formation of ketones (in some cases
in high yield) from secondary alcohols when treated with
hydrogen in D2O at elevated temperature over Pd/C
(Scheme 2).14

Based on our investigation post these initial results it
seems that in the case of ethanol the equilibrium is located
far to the left. However, due to the presence of the primary
amine, which removes the aldehyde from the reaction mix-
ture forming the corresponding imine, and eventually the
secondary amine after reduction, and the prolonged reaction
(h) Product Isolated yielda (%)

OMe

NHR
EtO2C

3a, R = Et 98

3b, R = Me 61d

3c, R = n-Pr 95

3d

OMe

NHEtEtO2C
99

3e

OMe

NHEtHO2C
90

3f

F

NHEtEtO2C
84

OMe

NHR

3g, R = Et 96

3h, R = n-Pr 99

MeO

NHR
3i, R = Et 79

3j, R = n-Pr 87

cture.

ino-4-methoxyphenyl)acetate (2)12 (17%) were also isolated.
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Scheme 2. Mechanism proposed by Sajiki et al.14 for the formation of
ketones from secondary alcohols under an atmosphere of H2 in the
presence of Pd/C (10%).
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3b.
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time results in the formation of the secondary amine in rea-
sonable yield after 48 h. It should be noted that primary
amine 2 is formed cleanly with no traces of compound 3a

being detected as evident by crude 1H NMR analysis, when
the reaction is conducted for 1 h under the same conditions
as given in Scheme 1 (the reaction is normally complete after
1 h) or when 10% water is added to the reaction mixture.

The fact that the secondary amine was formed in these
reactions without a trace of the corresponding tertiary
amine was intriguing and bears the potential to be a useful
method for the direct conversion of nitro aryls to second-
ary alkyl amino aryls. To test this theory we treated a range
of nitro aryls in ethanol in the presence of various alde-
hydes (1.0–1.7 equiv) under an atmosphere of hydrogen
gas (balloon) over Pd/C (10%) (3–5 mol %) (see Table
1).15 Under these conditions the corresponding secondary
amines could mostly be isolated in high yield and excellent
purity after a simple purification, which in many cases only
consisted of filtration through a pad of Celite� (see Supple-
mentary data for details). For reactions that were proceed-
ing slowly an excess of the aldehyde was applied in order
for the reaction to go to completion. These conditions also
worked well for the conversion of the nitro aryl to the
corresponding secondary aryl ethyl amine, even in the case
when the nitro aryl possessed a free acid group (Table 1,
entry 5).

All examples, but one, only gave the secondary amine as
the sole isolable amine from these reactions, even when
close to two equivalents of the aldehyde was used. The
exception occurred when formaldehyde was used as the
alkylation agent. In this case the amount of formaldehyde
had to be restricted to one equivalent to diminish the
formation of the corresponding tertiary amine, viz. ethyl-
(3-dimethylamino-4-methoxyphenyl)acetate (4). By such
means the secondary amine 2b could be isolated in 61%
yield after purification by flash chromatography (Table 1,
entry 2), however, the yield of compound 2b could be fur-
ther improved by altering the reaction conditions slightly.

As alluded to, the yield of amine 3b could be dramati-
cally improved by slightly changing the reaction condi-
tions. The conditions implemented conducting the initial
reduction reaction with hydrogen over Pd/C (10%) without
formaldehyde present in the reaction mixture. Formalde-
hyde was then added once the primary amine was formed,
and the resulting reaction mixture was then stirred under
an atmosphere of air at room temperature until the imine
formation had reached completion. Finally, the resulting
imine was reduced by stirring the reaction mixture under
an atmosphere of hydrogen for 15 min (Scheme 3).16 Under
these conditions nitro aryl 1a could be converted to the sec-
ondary amine 3b in 99% yield.

In summary, we have developed a simple one-pot proce-
dure for the conversion of nitro aryls to the corresponding
secondary amines using aldehydes as alkyl source and
hydrogen over Pd/C as reducing agent.
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