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Abstract

A simple microwave-promoted procedure has been developed for the direct preparation of trifluoroacetanilides. An equimolar mixture of
substituted anilines and trifluoroacetic acid was microwave irradiated at short reaction times, giving the corresponding anilides in high yields

and purity.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Trifluoroacetylation has become a common and useful
procedure for the protection of amines [1]. There are a
number of reagents and methods for the trifluoroacetylation
of amines, these include the use of trifluoroacetic anhydride,
[2] S-ethyl trifluorothioacetate [3], ethyl trifluoroacetate
[4-6], N-(trifluoroacetyl)imidazole [7], 2-[(trifluoroacetyl)-
oxy]pyridine (TFAP) [8], trifluoroacetyl triflate [9,10],
trifluoroacetyl benzotriazole [11], N-(trifluoroacetyl)succini-
mide [12], TiO(CF;COQO), [13], and sodium trifluoroacetate
[20]. However, many of them suffered from disadvantages,
such as the low boiling point, volatility and corrosive nature
of the widely employed trifluoroacetic anhydride, the moist-
ure sensitivity of N-(trifluoroacetyl)imidazole or the bad
smelling by-product ethanodiol generated from the reaction
with S-ethyl trifluoroacetate. Recently, a convenient method
has been developed for the selective 4-dimethylamino-
pyridine-catalyzed trifluoroacetylation of anilines with ethyl
trifluoroacetate [6], but an important limitation of this
methodology arises from its longer reaction times, which
are around 24 h.

During the course of our investigation toward the synth-
esis of novel fluorinated heterocyclic compounds [14], we
needed to prepare some trifluoroacetylated anilides. In view
of the usefulness of microwave irradiation as a tool for
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organic synthesis [15], we decided to explore the direct
trifluoroacetylation of anilines with trifluoroacetic acid
under microwave irradiation. A report on the preparation
of amides from a microwave-mediated reaction between
aliphatic amines and aromatic or aliphatic acids has
appeared [16].

2. Results and discussion

The direct microwave-mediated reaction of substituted
anilines la—j with trifluoroacetic acid is depicted on
Scheme 1. In order to examine the scope of this methodol-
ogy, we employed a variety of electron-withdrawal and
electron-donating groups in different positions of the aniline
aromatic ring (Table 1). Standard conditions were estab-
lished varying the reaction time and the microwave power
source (Table 1). It is worth mentioning that all the trifluor-
oacetanilides 2a—j obtained are stable at high temperature
and therefore the dielectric heating has not caused any
decomposition problem. The reaction was carry out without
solvent, with an equal molar amount of the corresponding
aniline and trifluoroacetic acid, and thus proceeds through
the aniline trifluoroacetate salt. The reaction was very clean
and no by-products were detected. The workup procedure
involves only a simple filtration of the precipitated anilide
followed by washing with water. All the products were
obtained in high yields and purity, as indicated by NMR
analysis. Also, the ’F NMR data for all synthesized com-
pounds are reported.



112

J. Salazar et al. /Journal of Fluorine Chemistry 124 (2003) 111-113

Table 1
Compound R Melting Yield MW power Trradiation
point (°C) (%) (Watts) time (s)
2a H 85-86 (Lit. 87-88) [17] 90 180 30
2b 4-Cl1 119-121 (Lit. 123-124) [17] 95 180 30
2c 4-Br 122-123 (Lit. 124-126) [18] 85 180 30
2d 4-F 108-109 (Lit. 110-111) [17] 92 180 30
2e 4-OMe 110-111 (Lit. 113-115) [17] 87 180 30
2f 3-Cl 67-68 (Lit. 66-68) [17] 95 180 30
2g 4-Me 106-107 (Lit. 109.5-111) [17] 92 180 30
2h 2-OMe 47-48 (Lit. 50.0-50.5) [19] 80 300 60
2i 3-OMe 72-73 (Lit. 71-72) [17] 87 180 30
2j 2-Cl 40-41 80 300 60
NH, NHCOCF; time. After been cooled to room temperature, to the resulting
CE.COH mixture was added an amount of ice-water to precipitate the
R =32 . R products which were then filtered and washed with cool
mw water. All products were obtained in high purity as indicated
l .
1] 24 by TLC and "H NMR analysis.
Scheme 1.

In conclusion, we have developed a new convenient
microwave-promoted trifluoroacetylation of anilines. The
simplicity of the procedure, short reaction times, high yields
of products and the use of unexpensive, affordable reagents,
render this method particularly attractive to organic chemists.

3. Experimental

Melting points were determined in a Thomas—Hoover
(UNIMELT) capillary melting point apparatus and are
uncorrected. MW irradiation was made with a GoldStar
Microwave conventional oven, model MA-690M (600 W,
2450 MHz). NMR spectra were obtained on a JEOL Eclipse
Plus spectrometer in deuterated chloroform, operating at
400 MHz ('H, internal standard TMS) and 376 MHz ('°F,
internal standard CFCl;); J values in ppm relative to the
internal standard are given. The high resolution mass spectra
(EI-HRMS) were obtained on a JEOL JMS-AX505WA mass
spectrometer. Silica gel plates ALUGRAM® SIL G/UV,s,
(Macherey-Nagel GmbH & Co., Germany) were used
for TLC testing. Reagents were obtained from Aldrich
(Milwaukee, MI, USA) or Merck (Darmstadt, Germany)
and used without further purification.

3.1. General experimental procedures

3.1.1. General procedure for the preparation of
N-(phenyl-substituted)-2,2,2-trifluoro-acetamides 2a—j

A mixture of the corresponding aniline 1a—j (3.0 mmol)
and trifluoroacetic acid (3.0 mmol) in a 25 ml capped
conical flask was put into a teflon cylinder container
(5 cm diameter x 15 cm height) and microwave irradiated
at three stages (10-20 seg each) to complete the indicated

3.1.1.1. N-phenyl-2,2,2-trifluoro-acetamide (2a). 0.50 g
(90% yield), crystals, 'H NMR (400 MHz, CDCl5): § 7.22—
7.26 (m, 1H, H-arom), 7.39 (t, 2H, J = 8.8 Hz, H-arom), 7.56
(d, 2H, J = 8.0 Hz, H-arom), 7.95 (bs, 1H, NH). '°F NMR
(376 MHz, CDCls): 6 —75.61 (s, 3F, CFs).

3.1.1.2. N-(4-chlorophenyl)-2,2,2-trifluoro-acetamide (2b).
0.63 g (95% yield), crystals, '"H NMR (400 MHz, CDCl;): §
7.36 (d, 2H, J = 9.1 Hz, H-arom), 7.53 (d, 2H, J = 9.1 Hz,
H-arom), 7.90 (bs, 1H, NH). "?FNMR (376 MHz, CDCl5): 6
—175.56 (s, 3F, CF3).

3.1.1.3. N-(4-bromophenyl)-2,2,2-trifluoro-acetamide (2c).
0.68 g (85% yield), crystals, '"H NMR (400 MHz, CDCl5):
747 (d, 2H, J = 9.1 Hz, H-arom), 7.51 (d, 2H, J = 9.1 Hz,
H-arom), 7.94 (bs, 1H, NH). "?’FNMR (376 MHz, CDCl5): &
—75.71 (s, 3F, CF;).

3.1.1.4. N-(4-fluorophenyl)-2,2,2-trifluoro-acetamide (2d).
0.57 g (92% yield), crystals, "H NMR (400 MHz, CDCls): &
7.06-7.12 (m, 2H, H-arom), 7.52-7.55 (m, 2H, H-arom),
7.89 (bs, 1H, NH). '°F NMR (376 MHz, CDCl5): 6 —75.56
(s, 3F, CF3), —114.58 (s, 1F, F-arom).

3.1.1.5. N-(4-methoxyphenyl)-2,2,2-trifluoro-acetamide-
(2e). 0.54 g (87% yield), '"H NMR (400 MHz, CDCl5): &
3.80 (s, 3H, OCH3), 6.90 (d, 2H, J = 8.8 Hz, H-arom), 7.46
(d, 2H, J = 8.8 Hz, H-arom), 7.87 (bs, 1H, NH). '°F NMR
(376 MHz, CDCl3): 6 —75.51 (s, 3F, CF;).

3.1.1.6. N-(3-chlorophenyl)-2,2,2-trifluoro-acetamide (2f).
0.63g (95% yield), -crystals, 'H NMR (400 MHz,
CDCl3): 6 7.21 (d, 1H, J = 8.1 Hz, H-arom), 7.31 (t, 1H,
J = 8.1 Hz, H-arom), 7.42 (d, 1H, J = 8.1 Hz, H-arom),
7.66 (t, 1H, J = 1.8 Hz, H-arom), 8.08 (bs, 1H, NH). '°F
NMR (376 MHz, CDCls): 0 —75.44 (s, 3F, CF;).
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3.1.1.7. N-(4-methylphenyl)-2,2,2-trifluoro-acetamide
(2g). 0.55 g (92% yield), "H NMR (400 MHz, CDCls): ¢
2.33 (s, 3H, CH3), 7.18 (d, 1H, J = 8.4 Hz, H-arom), 7.43
(d, 1H, J = 8.4 Hz, H-arom), 7.92 (bs, 1H, NH). '°F NMR
(376 MHz, CDCl3): 6 —76.15 (s, 3F, CF;).

3.1.1.8. N-(2-methoxyphenyl)-2,2,2-trifluoro-acetamide
(2h). 0.49 g (80% yield), '"H NMR (400 MHz, CDCl;): §
3.91 (s, 3H, OCHj3), 6.93 (dd, 1H, J = 1.1 Hz, J=8.1 Hz,
H-arom), 7.00 (ddd, 1H, J=1.1Hz, J =8.1Hz, J=
8.1 Hz, H-arom), 7.16 (ddd, 1H, J = 1.1 Hz, J = 8.1 Hz,
J = 8.1 Hz, H-arom), 7.23-7.27 (m, 2H, H-arom), 8.30 (dd,
1H, J = 8.1 Hz, J = 8.1 Hz, H-arom), 8.57 (bs, 1H, NH).
FNMR (376 MHz, CDCl;): § —75.71 (s, 3F, CF3). HRMS:
Calcd. for CoHgF;NO,: 219.0507. Found: 218.9746.

3.1.1.9. N-(3-methoxyphenyl)-2,2,2-trifluoro-acetamide
(2i). 0.53 g (87% yield), crystals, '"H NMR (400 MHz,
CDCl3): 6 3.81 (s, 3H, OCHj3), 6.78 (dd, 1H, H-arom,
J=26Hz, J=8.0Hz), 7.04 (dd, 1H, H-arom, J =
2.6 Hz, J =8.0Hz), 7.26-7.30 (m, 2H, H-arom), 7.90
(bs, 1H, NH). '°F NMR (376 MHz, CDCl;): § —75.66
(s, 3F, CF3).

3.1.1.10. N-(2-chlorophenyl)-2,2,2-trifluoro-acetamide(2j).
0.53 g (80% yield), crystals, '"H NMR (400 MHz, CDCl5): 6:
7.18 (ddd, 1H, H-arom, J = 1.4,J = 7.7 Hz), 7.34 (ddd, 1H,
H-arom, J = 1.4 Hz, J = 7.7 Hz), 7.44 (dd, 1H, H-arom,
J =1.4Hz,J =7.7Hz),8.31(dd, 1H, H-arom, J = 1.4 Hz,
J =17.7Hz), 856 (bs, 1H, NH). '°’F NMR (376 MHz,
CDCls): 6 —75.46 (s, 3F, CF3). HRMS: Calcd. for
CgH;5CIF;NO: 223.0012. Found: 223.0097.
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