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We developed a mild and convenient trifluoroacetylation process for amines using a combination of tri-
chloroacetonitrile and triphenylphosphine. The reaction that we designed is applicable to the trifluoro-
acetylation of a wide variety of amines, including amines with stereogenic centers, which underwent
trifluoroacetylation without racemization.

© 2009 Elsevier Ltd. All rights reserved.

Trifluoroacetylation is important for the protection of a wide
variety of amines and amino acids,' and is also a valuable technique
for the activation of functional groups.? Due to its broad applications,
various reagents for the trifluoroacetylation of amines have been
developed, including S-ethyl trifluorothioacetate,’ trifluoroacetly
triflate,* N-(trifluoroacetoxy) succinimide,® N-(trifluoroacetyl) suc-
cinimide,® N-(trifluoroacetyl) imidazole,” N-(trifluoroacetyl) benzo-
triazole,® and 2-[(trifluoroacetyl)oxy]pyridine.® However, these
agents have drawbacks including instability, sensitivity to moisture,
toxicity, prolonged reaction times, and formation of undesirable
byproducts that induce side reactions.

The use of trifluoroacetic acid, trifluoroacetic acid chloride, or tri-
fluoroacetic anhydride for the trifluoroacetylation of amines may
seem straightforward. However, trifluoroacetic acid chloride (bp:
—27 °C)'% and trifluoroacetic anhydride (bp: 40 °C)!! have very low
boiling points, which limit their applications in large-scale pro-
cesses. The trifluoroacetylation of amines with trifluoroacetic acid
has been previously reported, but these procedures required micro-
wave assistance,'? high reaction temperatures,'® or the addition of
condensation agents.'*

We have developed novel procedures for the preparation of
amides and esters by forming acid chlorides in situ with PPh;
and CCI5CN.">'6 In this Letter, we report the trifluoroacetylation
of a wide variety of amines with in situ-generated trifluoroacetyl
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CCI,CN/PPhy
R—NHz + CF3C0pH ————————> R—NHCOCF4
EtsN, CH4CN, rt

Scheme 1.

Table 1
Trifluoroacetylation of aniline under various reaction conditions

Chlorinating agent (2 equiv)

Ph—NH, + CF3CO,H Ph—NHCOCF 3
PPh3 (2 equiv)/Et3N (3 equiv)
Entry Chlorinating agent Solvent Time (h) Yield (%)
12 CCl5CN CH5CN 2 41
2 CCl5CN CH,5CN 1 95
3P CClsCN CH3CN 1 93
4¢ CCI5CN CHs3CN 1 43
5 CCI5CN CH,Cl, 1 94
6 CCl5CN (CH,C1), 1 94
7 CCIsCN Toluene 1 93
8 CCI5,CN EtOAc 1 85
9 CCI5CN THF 1 89
10 CCI5CN DMF 1 91
11 CCI5,CN Ether 1 80
12 CCly CH5CN 10 Trace
13 CCl5COCCls CH5CN 5 32
14 CCl5CO,Et CHs3CN 5 17
15 CCl;CONH, CH5CN 5 10

2 1 equiv of CCI5CN and 1 equiv of PPhs were used.
> At 0°C.
¢ 1 equiv of Et3N was used.
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chloride form trifluoroacetic acid using a combination of PPhs and
CCI5CN under mild reaction conditions (Scheme 1). Initially, aniline
was treated with 1 equiv of CCIsCN and 1 equiv of PPhs in the pres-
ence of Et3N at room temperature, resulting in a low (41%) yield of
phenyltrifluoroacetamide (Table 1, entry 1). However, when the
reaction was performed with 2 equiv of CCIsCN and 2 equiv of
PPhs, the amide yield increased dramatically (entry 2). The reac-
tion also proceeded smoothly at 0 °C (entry 3). To attain satisfac-
tory yields of the amide, 3 equiv of EtsN was required (entry 4).

Common organic solvents such as CH,Cl,, CICH,CH,CI, toluene,
THF, DMF, and EtOAc could be employed in this process (entries
5-10). Using ether as a solvent resulted in somewhat lower yield
(entry 11). The use of other chlorinating reagents including
CCI3COCCl3, CCI3COyEt, and CCIsCONH, was not as effective as
the use of CCIsCN (entries 12-15).

On the basis of these preliminary results, various amines were
subjected to these novel reaction conditions to investigate the
scopes and limitations of the reactions produced by our procedure.

Table 2
Trifluoroacetylation of amines
Entry Amine Product Time (h) Yield (%)
NH» NHCOCF 3
O o 1 :
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MeO MeO
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NH, NHCOCF 3
CF4CO,H, CCI,CN/PPh, B

O/\ EtsN, CHsCN, rt, 2 h ©/\

92%
[a]p?® = +137 (c =1, CHCI3)"”

NH, NHCOCF 4
OH CF3CO,H, CCI;CN/PPhy OH

EtsN, CHACN, 1t, 2 h

90 %
[a]p25 = -80.6 (¢ = 1, MeOH)'8

Scheme 2.

The results of these experiments are presented in Table 2. The reac-
tion showed generality across a wide range of amines, including
amines with low nucleophilicity. Compared to anilines with elec-
tron-withdrawing groups, anilines with electron-releasing groups
were processed more efficiently under these conditions, affording
higher yields of the corresponding products (entries 1-9). Triflu-
oroacetylation with anilines with very low nucleophilicity such
as nitro anilines and N-phenyl aniline proceeded smoothly, result-
ing in high product yields (entries 7 and 10). Secondary amines
were also shown to be good substrates for the reaction (entries
10 and 11). In a substrate with both primary amino and secondary
amino groups, only the primary amino group was trifluoroacetylat-
ed (entry 12). Trifluoroacetylation with aliphatic amines resulted
in high product yields (entries 13-16). Even very sterically hin-
dered tertiary amines underwent trifluoroacetylation under these
conditions (entry 17).

We applied our new method to the trifluoroacetylation of
amines with stereogenic centers (Scheme 2). When (R)-1-phenyle-
thanamine was subjected to our reaction conditions, the corre-
sponding amides were obtained at a 92% yield.!” In the case of
(R)-2-amino-2-phenylethanol, which has both amino and hydroxyl
groups, only the amino group was trifluoroacetylated selectively,
demonstrating the good chemoselectivity of our novel reaction.'®
We did not detect any signs of racemization of the stereogenic cen-
ters through the analysis of reaction mixtures by HPLC using a chi-
ral stationary phase.'®

In conclusion, we have developed a mild and selective method
for the trifluoroacetylation of a wide variety of amines. The present

method has a number of advantages including low cost and avail-
ability of the reagents, easy handling and stability of the reagents,
and ease of operation and workup. This novel trifluoroacetylation
process has the potential to be applied widely for the protection
and activation of amines in organic synthesis.

Typical procedure for trifluoroacetylation of amines: To a solution
of triphenylphosphine (525 mg, 2 mmol), amine (1 mmol), and tri-
ethylamine (420 pL, 3 mmol) in CH3CN (2 mL) under argon were
added trifluoroacetic acid (77 pL, 1 mmol) and trichloroacetonitrile
(200 pL, 2 mmol). The mixture was stirred at room temperature for
several hours. After evaporation of the solvents, the residue was
purified with column chromatography on silica gel to give a pure
product.
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