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Alky, aryl, and heteroaryl amines were found to react efficiently with formic acid under Lewis acid catal-
ysis giving N-formyl derivatives in high yields. A study of ZnCl,-catalyzed N-formylation of a variety of
amines using formic acid as formylating agent is described.
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Formylation of amines is an important reaction in synthetic or-
ganic chemistry. Formamides have wide applications as intermedi-
ates in the preparation of pharmaceuticals! such as fluoroquinolines
and as important reagents for Vilsmeier formylation.? They are also
in use as Lewis base catalysts in organic transformations such as
allylation,? hydrosilylation* of carbonyl compounds. In addition,
the formyl group is one of the important amino-protecting groups
in peptides synthesis® and the N-formyl derivatives are useful pre-
cursors in the preparation of N-methyl compounds.®

In recent years, a number of methods have been reported on
N-formylation of amines. Some of the useful formylation reagents
are chloral,” formic acid-DCC2 formic acid-EDCL°® formic acid
esters,'® KF-alumina,!' and other solid-supported reagents,!?
ammonium formate,'> CDMT.'* Many of the N-formylation meth-
ods have disadvantages such as expensive reagents, formation of
side products, thermal instability, and difficult accessibility to
reagents. Thus, a mild, convenient, and high yield procedure using
inexpensive catalyst would be valuable.

In continuation of our interest in the development of new syn-
thetic methods using Lewis acids as catalysts,'> we report herein a
convenient and novel approach for activation of formic acid as an
N-formylation agent using Lewis acid as catalyst under solvent-
free condition (Scheme 1).

In our study, no reaction was observed when a mixture of ani-
line and formic acid was heated at 100 °C for 4 h. However, addi-
tion of a catalytic amount of Lewis acid to this mixture has
rapidly induced N-formylation producing formanilide in high
yields. In this reaction, we have obtained formanilide in very high
yields (>90%), when ZnCl,, SnCl,, LaCls, and La(OTf); were used as

* Corresponding author. Tel.: +91 040 27193171; fax: +91 040 27193185.
E-mail address: shanthanpp@yahoo.co.in (P. Shanthan Rao).

0040-4039/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2009.10.006

catalysts. This reaction has proceeded well with other Lewis acids
also such as FeCls, AICl;, and NiCl, giving yields in the range of 80-
90%, but no reaction was observed in the presence of ZnF, and AlFs.

Among all the catalysts studied in this reaction, the best results
were obtained with ZnCl,, which is not only inexpensive but also
environment friendly. This has encouraged us to further investi-
gate the N-formylation of a variety of alkyl, aryl, and heteroarylam-
ines 1a—-q with formic acid under similar conditions using ZnCl, as
a catalyst!® (Scheme 2). The results are shown in Table 1.

In this study, the arylamines having electron-donating groups
were found to be more active to N-formylation as their reactions
were completed in less than 1.5 h. Primary amines, secondary
amines, and arylamines substituted with electron-withdrawing
groups, that is, 1g, 1h, and 1i were, however, sluggish requiring
3-12 h for completion of the reaction. The plausible mechanism
for N-formylation of amines under Lewis acid catalysis is shown
in Scheme 3.
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—————> RNHCHO
neat, 70°C

RNH, + HCOOH
R=akyl or aryl

Scheme 1. Lewis acid-catalyzed N-formylation of amines with formic acid.
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Scheme 2. ZnCl,-catalyzed N-formylation of amines with formic acid.
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Table 1

ZnCb-catalyzed N-formylation of amines with formic acid
Entry Formamide 2 Time (min) Yield® (%)
a @—NHCHO 10 9%
b H3CO NHCHO 30 98
@ NHCHO 60 80

COCH,
d NHCHO % 8
Br
€ @NHCHO 0 80
F—QNHCHO
f 80 92
Cl
g O,N -@—NHCHO 720 90
h F3C—©—NHCHO 720 90
) ON -@NHCHO
i 900 92
=N
J <\:,\1>—NHCHO 30 96
CO,Et
k (:ﬂ( 200 95
S NHCHO
CN
1 QI_L( 240 92
S NHCHO
m @NHCHO % 9
n ¢ N-CHO 240 30
/ N\

0 Q__NCHO 360 60
p %— NHCHO 45 60
q “ " NHcHO 60 60

2 Isolated yields. All products gave satisfactory '"H NMR, IR and mass spectral data.
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Scheme 3. Mechanism of Lewis acid-catalyzed N-formylation of amines with formic acid.

When compared to formic acid, higher carboxylic acids are
more resistant to amidation. In our study, the reactions of acetic
acid and propionic acid with anilines in the presence of ZnCl, have
produced the corresponding amides in moderate yields (55% and
50%, respectively) upon heating at 70 °C for 12 h and the long chain
carboxylic acids such as decanoic acid and levulinic acid remained
unreactive with aniline upon heating at 100 °C for 24 h.

The esters of formic acid such as phenyl formate and pentaflu-
orophenyl formate were useful reagents for direct N-formylation
without requiring any catalyst.!® However, these reagents are
expensive and not readily available. Unlike these aryl formats,
ethyl formate is highly sluggish and recently, TiCl;(OTf)!” and sil-
ica-bonded N-propylsulfamic acid'® were reported to be effective
catalysts for N-formylation using ethyl formate. When compared
to these procedures, the present protocol is more advantageous
as the reagents are inexpensive and easily available. This method
is simple and applicable to a variety of amines.

In conclusion, we have developed a novel and efficient method
for N-formylation of an amine using formic acid as a formylating
agent and ZnCl; as a catalyst. This Letter describes first the obser-
vation of Lewis acid-catalyzed N-formylation of amines using for-
mic acid and it offers a simple, economical, environment friendly
method for N-formylation of amines.
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