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A convenient procedure for the preparation of aryl trifluoroacetamides from aryl amines is described that
employs 2-4 M equiv of trifluoroacetic acid in refluxing xylene as a trifluoroacetylating agent. Addition of
an amount of pyridine that is equimolar to the amount of trifluoroacetic acid present in the reaction mix-
ture facilitates the trifluoroacetylation of rather basic arylamines.
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N-Trifluoroacetylation has become a common and useful procedure
for the protection of a wide variety of amines.! Ease of removal is one
important factor that has contributed to the many applications of the
N-trifluoroacetyl protecting group in organic chemistry. Because of this
widespread use, several reagents and methods for the trifluoroacetyla-
tion of amines have been developed. Reagents for trifluoroacetamida-
tion that have been reported include, for example, trifluoroacetic
anhydride,! S-ethyl trifluorothioacetate,> N-(trifluoroacetyl)imidaz-
ole® 2-[(trifluoroacetyl)oxy]pyridine,* trifluoroacetyl triflate,> N-(tri-
fluoroacetoxy)succinimide,® (trifluoroacetyl)benzotriazole,” and N-
(trifluoroacetyl)succinimide.® Most of these reagents, however, have
drawbacks and limitations due to either formation of undesirable
by-products and/or handling issues on a plant scale. A convenient
method has been developed for the selective 4-dimethylaminopyri-
dine-catalyzed trifluoroacetylation of anilines with ethyl trifluoroace-
tate, but the reaction times are prolonged and the presence of
4-dimethylaminopyridine is essential.? Recently, a direct microwave-
promoted trifluoroacetylation of anilines with trifluoroacetic acid
(TFA) was reported.'® The reaction was carried out without solvent
and was simple and clean. However, further experiments might be
necessary for the large scale production. Very recently, trifluoroacetyla-
tion of arylamines using trifluoroacetic acid (TFA) and poly-phosphoric
acid trimethylsilylester as the condensation agent was reported.'!

For several reasons, it is evident that the use of TFA alone would
be both economically and environmentally advantageous. How-
ever, we found only one published report of this process. This
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described the trifluoroacetylation of anilines using TFA alone in

dry ether at 0°C for 1 h."? .
However, following this experimental procedure, we could not

obtain the trifluoroacetylated product (Table 1, entry 5).

Herein, we report a new, convenient, and environmentally
friendly trifluoroacetylation method using TFA as the trifuoroacety-
lating reagent.

Initially, we examined the trifluoroacetylation of aniline (1a)
with TFA in various solvents, and the results are presented in Table 1.

The use of excess TFA provided the TFA salt of aniline and a trace
amount of the desired product (Table 1, entry 3). When the amount of
TFAwasreduced, the yield was dramatically increased (Table 1,entry 1).

N NHCOCF4
R
=
2

a: R=H e: R=2-OMe i: R=4-OH m: R=4-COOEt
b: R=2-Me f: R=3-OMe j: R=2-Cl n: R=2-NO,
c: R=4-Me g: R=4-OMe k:R=4-Cl 0: R=3-NO,
d: R=2,6-diMe  h: R=4-OEt I: R=2,4,6-triCl p: R=4-NO,

NHR

3: R=H 4:R=COCF;

N NHR

P
N
5:R=H 6:R=COCF;



1682
Table 1
Trifluoroacetylation of aniline in various solvents
Entry Aniline TFA Solvent  Reaction Reaction Product
(mmol) (mmol) (mL) time (h) temp (°C) yield (%)
1 3.0 6.0 Xylene 3.5 150 94
(5)
2 3.0 6.0 Toluene 3.5 130 44
(5)
3 22 — TFA(5) 15 100 -
4 1.1 3.0 THF (5) 2.0 80 13
5 1.0 1.0 Et;0 (3) 2.0 0 —

On the basis of these preliminary results, the application of this
procedure to various amines was investigated. The results are pre-
sented in Table 2.

Normally, it is assumed that electron-releasing groups in ani-
line facilitate trifluoroacetylation and electron-withdrawing
groups do not. In this case, it is worth noting that the presence
of electron-withdrawing groups such as nitro, ester, and chloro
groups in anilines facilitates the trifluoroacetylation, whereas
the electron-releasing group has less effect and can even retard
trifluoroacetylation. However, use of pyridinium trifluoroacetate
instead of TFA improved the yields substantially in these cases
(Table 2, entries 6-11).

At high temperature (150 °C), the reaction between TFA and an
amine has two routes, one is to form a salt by nucleophilic attack
of the amine on the hydrogen and the other is to form an amide
by the nucleophilic attack of the amine on the carbonyl carbon.
The presence of a free amine and TFA in the reaction mixture
is required for trifluoroacetamide formation. In excess TFA

Table 2
Trifluoroacetylation of aromatic amines in refluxing xylene!*
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solution, the concentration of free amine is reduced because of
formation of the TFA salt and this results in less efficient amide
formation.

A proposed mechanism is illustrated in Scheme 1.

In the case of weak bases such as aniline, in particular anilines
which have an electron-withdrawing substituent, the concentra-
tion of free aniline remains significant and trifluoroacetylation
can proceed with ease.

On the other hand, in the case of anilines which have an elec-
tron-releasing substituent such as a methoxy or a hydroxyl group,
the equilibrium favors salt formation and unreacted TFA salt re-
mains in the reaction mixture. However, addition of an equimolar
amount of pyridine to TFA is effective in the trifluoroacetylation of
rather strongly basic anilines which have pK, values similar to
those of pyridine (Table 2, entries 6-11). The exact role of pyridine
is not clear. However, it is assumed that the population of free
amines in the reaction mixture increases by the addition of pyri-
dine. Addition of stronger base such as triethylamine is not effec-
tive probably because the TFA salt of triethylamine does not
liberate free TFA during the reaction. In this case, 2a was obtained
in 5% yield and 1a was recovered in 92% yield (Table 2, entry 2).
Aliphatic amines which are more basic than anilines form the tight
TFA salts with TFA and yields of trifluoroacetylation are low even
with addition of pyridine.

In conclusion, we have developed an economic and environ-
mentally friendly procedure for trifluoroacetylation of anilines
using trifluoroacetic acid as the acetylating reagent. Low cost
and availability of the reagent, and the ease of operation and
workup make this method a useful addition to the available
methodologies.

Entry Starting compd. Method? Reaction time (h) Product Yield (%) Melting point (°C)
Found Lit.

1 1a A 5.5 2a 94 (92)° 90.5-91 89-90'4

2 1a A 6.5 2a 5¢ = =

3 1b A 7.0 2b 86 79-79.5 78-79'4

4 1c A 5.5 2¢c 85 113-113.5 1114

5 1d B 5.5 2d 65 94.5-95 89-90'4

6 1e B 5.0 2e 72 (95)° 50.5-51 47-48°

7 1f A 5.5 2f 76 (94)° 75.5-76 7514

8 1g B 6.5 2g 78 (98)° 117-117.5 113-115"

9 1g B 15 2g 53 (88)° - -
10 1h A 2.0 2h 68 (98)° 144.5-145 141-143"
11 1i B 6.5 2i 62 (95)° 172-173 167-169'4
12 1j B 35 2j 89 41.5-42 40-411°
13 1k A 3.0 2k 92 128-128.5 123-124'¢
14 11 A 5.5 21 20 103-103.5 =
15 1m A 2.5 2m 88 129.5-130 =
16 1n B 6.5 2n 50 89.5-90 90.4'%
17 10 A 2.0 20 94 92-92.5 94218
18 1p B 5.5 2p 89 151.5-152 151-152"
19 3 B 5.0 4 73 105.5-106 102-103'
20 5 A 3.0 6 78 130-130.5 127-128"

2 A: TFA (2 equiv) was used. B: TFA (4 equiv) was used.

b Figures in parentheses indicate the yields using pyridinium trifluoroacetate instead of TFA.

¢ Triethylaminium trifluoroacetate was used instead of TFA.
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Scheme 1.
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