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A remarkably simple N-formylation of anilines using
polyethylene glycol q
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Abstract

N-Formylation of anilines has efficiently been carried out at room temperature in excellent yields by treatment with formic acid in
polyethylene glycol (PEG-400). No additional solvent and catalyst are required.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Formylation of amines is a useful reaction in synthetic
organic chemistry. Formamides are valuable intermediates
in the construction of various pharmaceutically important
compounds.1,2 They are also useful reagents in Vilsmeier
formylation reactions.3 Moreover, they are Lewis bases
and can catalyze several organic transformations.4 The
formyl group is also an important aminoprotecting group
in peptide synthesis.5

Various methods are available for N-formylation of
amines.6–15 However, many of these methods suffer from
different drawbacks such as the application of expensive
and toxic formylating agents and catalysts, long reaction
times, high temperatures and the formation of by-products.

2. Results and Discussion

In continuation of our work16,17 on the application of
polyethylene glycol (PEG) to carry out organic synthesis,
we have observed that the N-formylation of aniline can effi-
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ciently be accomplished in this reaction medium by treat-
ment with formic acid at room temperature (Scheme 1).

A series of anilines were converted into the correspond-
ing N-formyl amines in high yields following the above
procedure (Table 1). No additional solvent or catalyst
was used. Different functionalities such as alkyl, nitro, hal-
ogens and carbonyl remained intact. Anilines containing
both electron-donating and electron-withdrawing groups
underwent the conversion smoothly. Previously, the N-
formylation of anilines having electron-withdrawing
groups was found to be difficult.18 The present conversion
is also chemoselective. O-Formylation of phenols did not
take place. Thus, the aminophenols (entries o and p)
furnished only the N-formylation products under the pres-
ent reaction conditions. However, benzylamine afforded
the N-formylation product in poor yield while the open-
chain aliphatic amines did not undergo any conversion.

Polyethylene glycol (PEG-400)19–21 is a biologically
acceptable inexpensive polymer and is eco-friendly. Its
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Table 1
N-Formylation of anilines using PEG-400a

Entry Aniline Product Isolated
yield (%)

Ref.b

a

NH2
NHCHO

91 14

b

NH2

NO2

NHCHO

NO2

86 14

c

NH2

NO2

NHCHO

NO2

85 14

d

NH2

Me

NHCHO

Me

90 15

e

NH2

Cl

Cl

NHCHO

Cl

Cl

89 —

f

NH2

OMe

NHCHO

OMe

92 13

g

NH2

COCH3

NHCHO

COCH3

85 14

h

NH2

COCH3

NHCHO

COCH3

83 —

i

NH2

Cl

NHCHO

Cl
79 14

Table 1 (continued)

Entry Aniline Product Isolated
yield (%)

Ref.b

j

NH2

Cl

NHCHO

Cl

86 15

k

NH2

Br

NHCHO

Br

91 14

l

NH2

Br

NHCHO

Br
83 14

m

NH2

F

NHCHO

F

81 14

n

NH2

Me

NHCHO

Me

93 14

o

NH2

OH

NHCHO

OH

89 14

p

NH2

OH

NHCHO

OH

90 14

q

NH2

O

Ph

NHCHO

O

Ph 82 —

r
NH2

NHCHO
42 14

a The structures of the products were established from their spectral (IR,
1H NMR and MS) and analytical data.

b The compound reported in the literature.

2226 B. Das et al. / Tetrahedron Letters 49 (2008) 2225–2227



B. Das et al. / Tetrahedron Letters 49 (2008) 2225–2227 2227
applications in organic synthesis have not yet been fully
explored. In the present conversion, it has efficiently been
utilized for the preparation of N-formyl anilines. The
experimental procedure is highly convenient. The struc-
tures of the products were established from their spectral
(1H NMR and MS) and analytical data.

3. General experimental procedure

To a mixture of aniline (1 mmol) and HCOOH
(3 mmol), PEG-400 (2 g) was added. The mixture was stir-
red at room temperature and the progress of the reaction
was monitored by TLC. After completion, the mixture
was diluted with water (10 mL) and extracted with EtOAc
(3 � 10 mL). The combined organic layer was dried over
anhydrous Na2SO4 and concentrated. The residue was
subjected to column chromatography to obtain the pure
N-formyl aniline.

The spectral (IR, 1H NMR and MS) and analytical data
of novel compounds e, h and q are given below. In the 1H
NMR spectra of all these compounds, the formyl proton
appeared as cis to the proton of the –NH-group.

3.1. N-(2,4-Dichlorophenyl) formamide (entry e)

White solid. mp 57–58 �C. IR (KBr): 3242, 2903, 1665,
1527, 1395, 1293 cm�1; 1H NMR (CDCl3, 200 MHz): 9.52
(br s, 1H), 8.38 (br s, 1H), 8.28 (d, J = 8.0 Hz, 1H), 7.39
(d, J = 2.0 Hz, 1H), 7.22 (dd, J = 8.0, 2.0 Hz, 1H); EI-
MS: m/z = 189, 191, 193; Anal. Calcd for C7H5NOCl2: C,
44.24; H, 2.62; N, 7.33. Found: C, 43.89; H, 2.56; N, 7.39.

3.2. N-(2-Acetylphenyl) formamide (entry h)

White solid; mp 79–80 �C. IR (KBr): 3254, 2925, 1695,
1527, 1395, 1293 cm�1; 1H NMR (CDCl3, 200 MHz):
11.62 (br s, 1H), 8.79 (d, J = 8.0 Hz, 1H), 8.52 (br s, 1H),
7.90 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H), 7.08 (t,
J = 8.0 Hz, 1H), 2.60 (s, 3H); EI-MS: m/z = 163; Anal.
Calcd for C9H9NO2: C, 66.25; H, 5.52; N, 8.58. Found:
C, 66.30; H, 5.48; N, 8.52.

3.3. N-(2-Benzoylphenyl) formamide (entry q)

Light yellow viscous oil. IR (KBr): 3319, 2924, 1699,
1638, 1514, 1262 cm�1; 1H NMR (CDCl3, 200 MHz):
10.79 (br s, 1H), 8.77 (d, J = 8.0 Hz, 1H), 8.54 (br s, 1H),
7.80–7.44 (m, 7H), 7.08 (t, J = 7.0 Hz, 1H); EI-MS:
m/z = 225; Anal. Calcd for C14H11NO2: C, 74.66; H,
4.88; N, 6.22. Found: C, 74.72; H, 4.91; N, 6.26.
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