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A mild and efficient reaction for conversion
of carboxylic acids into acid bromides with ethyl
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Abstract—Acid bromides were prepared efficiently from carboxylic acids with readily available ethyl tribromoacetate and triphenyl-
phosphine at room temperature under neutral conditions. The present process is applicable to the preparation of various acid bro-
mides from aromatic and aliphatic carboxylic acids. Aromatic carboxylic acids were found to be more reactive than aliphatic
carboxylic acids under reaction conditions.
� 2006 Elsevier Ltd. All rights reserved.
Acid halides have been playing an important role as
intermediates for the synthesis of esters, amides, and
other carboxylic acid derivatives.1 A variety of coupling
reagents have also been used for the formation of these
compounds directly from carboxylic acids.2 However,
the coupling reagents failed in forming the desired com-
pounds such as amides with carboxylic acids and amines
with low nucleophilicity or steric hindrance.3 Hence,
there is still a need to utilize acid halides for preparing
various carboxylic acid derivatives. Compared with acid
chlorides,1 acid bromides are less commonly employed
for the purpose even though they have higher reactivity
than the corresponding acid chlorides because relatively
few methods have been reported on preparing acid
bromides, and the brominating agents are not readily
available.4 Herein, we report on a method of pre-
paring acid bromides from carboxylic acids with
readily available triphenylphosphine (PPh3) and ethyl
tribromoacetate (Br3CCO2Et) under mild and neutral
conditions.
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Based on the previous studies,5 we presumed that the
reaction of Br3CCO2Et with PPh3 readily formed an
acyloxyphosphonium bromide intermediate, which
would react readily with carboxylic acids. As expected,
the treatment of benzoic acid with 1.1 equiv of
Br3CCO2Et and 1.1 equiv of Ph3P in CH2Cl2 at room
temperature for 3 h gave cyclohexyl benzamide in 66%
yield along with the unreacted benzoic acid (Table 1,
entry 1). The benzoic acid treatment was followed by
conversion of the produced acid bromide into the amide
with 1.0 equiv of cyclohexylamine in the presence of
3.0 equiv of Et3N. The reaction proceeded completely
within 3 h with 2.0 equiv of Br3CCO2Et and 2.0 equiv
of Ph3P affording 92% yield of amide (entry 2). When
the reaction was carried out in the presence of cyclohex-
ylamine and Et3N at the first step, the yield of amide
decreased slightly (entry 3). Next, we examined the
reactivity of other reagents as the brominating reagents
of carboxylic acids. Tribromoacetic amide afforded a
relatively high yield of amide (entry 5), whereas tri-
bromoacetic acid gave a poor yield (entry 4). We expected
that the combination of Br3CNO2 and Ph3P may afford
a highly reactive species for the synthesis of acid bro-
mides because Br3CNO2 may be more reactive in a hal-
ophilic process. However, the reaction of benzoic acid
with Br3CNO2/Ph3P afforded a moderate yield of amide
(entry 6). An increase in the amount of Br3CNO2 was
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Table 2. Synthesis of amides from various carboxylic acids and cyclohexylamine with Br3CCO2Et/PPh3
a

R OH

O Br3CCO2Et (2 equiv),
PPh3 (2 equiv) Cyclohexylamine (1 equiv)

Et3N (3 equiv), rt, 1 h R
H

O
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Entry Carboxylic acid Product Isolated yield (%)
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Table 1. Synthesis of N-cyclohexyl benzamide by the reaction of benzoic acid with Br3CO2Et/PPh3

OH

O Halogenating
Reagent/ PPh3

CH2Cl2, rt

Cyclohexylamine (1 equiv)

Et3N (3 equiv), rt, 1 h
N
H

O

Entry Halogenating reagents (equiv) Ph3P (equiv) Time (h) Yield (%)

1 Br3CCO2Et (1.1) 1.1 3 66
2 Br3CCO2Et (2.0) 2.0 3 92
3 Br3CCO2Et (2.0) 2.0 3 51a

4 Br3CCO2H (2.0) 2.0 1 43
5 Br3CCONEt2 (2.0) 2.0 1 72
6 Br3CNO2 (1.0) 1.0 3 40
7 Br3CNO2 (2.0) 2.0 3 51
8 Br3CNO2 (2.0) 2.0 4 47b

9 Br3CNO2 (10) 2.0 3 36

a The reaction was carried out in one pot.
b The reaction was performed at �10 �C.
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Table 2 (continued)

Entry Carboxylic acid Product Isolated yield (%)

11
CO2H

H
N

O

32

12 CO2H
O

N
H

61

a Identification of the products was ascertained by 1H NMR and mass spectroscopy and by comparison with available physical and spectroscopic
data.

Table 3. Synthesis of amides from p-methoxy benzoic acid and various amines with Br3CCO2Et/PPh3
a

OH

O
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Et3N (3 equiv), rt, 1 h
N
H

O

R'

MeO

Br3CCO2Et (2 equiv),
PPh3 (2 equiv) R' NH2

MeO

CH2Cl2, rt, 3 h

Entry Amine Product Isolated yield (%)
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8 NH2 N
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a Identification of the products was ascertained by 1H NMR and mass spectroscopy and by comparison with available physical and spectroscopic
data.
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not effective and afforded a poor yield (entries 7–9).
Therefore, Br3CCO2Et was our choice of the halogenat-
ing reagent for the preparation of carboxylic acid
bromides.
With optimal reaction conditions in hand, various aro-
matic and aliphatic carboxylic acids were brought in
to react with Br3CCO2Et/PPh3 to examine the scope
and limitations of the present process. The results are
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Scheme 1.
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summarized in Table 2. The reaction of aromatic car-
boxylic acids with electron-donating groups such as p-
tert-butylbenzoic acid and p-methoxybenzoic acid at
room temperature afforded the corresponding amide in
91% and 90% yield, respectively (entries 1 and 2). The
reaction also proceeded efficiently with a slightly deacti-
vated aromatic carboxylic acid such as p-chlorobenzoic
acid (entry 3). However, the yields of amide decreased
with aromatic carboxylic acids that have electron-with-
drawing groups, indicating that the key step for the pro-
cess is the reaction of carboxylic acid with the
phosphonium bromide intermediate (entries 4–6). Het-
eroaromatic carboxylic acids such as furan-2-carboxylic
acid and thiophene-2-carboxylic acid produced amides
in high yields (entries 7 and 8). a,b-Unsaturated carbox-
ylic acids were not good substrates under the reaction
conditions and afforded poor yields of amide (entries
10 and 11), although a moderate yield of amide was ob-
tained with trans-cinnamic acid (entry 9). Aliphatic car-
boxylic acids were also found to be less reactive than
aromatic carboxylic acids under the reaction conditions
(entry 12).

We next investigated the generality of our process by
varying the structure of amines at the second step. The
results are summarized in Table 3. The reaction of
p-methoxybenzoic acid with secondary amines under
the reaction conditions afforded high yields of the corre-
sponding amides (entries 1–4). And the amides were ob-
tained in high yields when weakly nucleophilic amines
such as aniline, 1-naphthylamine, and 1,2,3,4-tetrahy-
droquinoline were used as nucleophiles (entries 5–7).
Moreover, the reaction with sterically hindered amines
was also achieved. When the reaction was performed
with tBuNH2, a high yield of the amide was obtained
(entry 8).

We also carried out the reaction of sterically hindered
carboxylic acid, pivalic acid, with sterically hindered
amine, tBuNH2, under the present conditions to give
98% yield of the corresponding amide (Scheme 1).

In conclusion, we developed a method of preparing acid
bromides from carboxylic acids with readily available
Br3CCO2Et and PPh3 under mild and neutral condi-
tions. The present process is not only easy to perform
but also has other advantages such as neutral reaction
conditions and low toxicity of the reagents.

A typical experimental procedure is as follows: Benz-
oic acid (122 mg, 1.0 mmol) was added to a mixture
of Br3CCO2Et (650 mg, 2.0 mmol) and PPh3

(524 mg, 2.0 mmol) in CH2Cl2 (2 mL). The mixture
was stirred at room temperature for 3 h. Et3N
(0.42 mL, 3.0 mmol) and cyclohexylamine (0.12 mL,
1.0 mmol) were added subsequently, and after stirring
for 1 h at room temperature, the mixture was diluted
with CH2Cl2, washed with water and dried over anhy-
drous MgSO4. After evaporation, the residue was
purified by column chromatography on silica gel elut-
ing with hexane:EtOAc (8:2) to give N-cyclohexyl
benzamide (204 mg, 90%): mp 148–149 �C (lit.6

147 �C); IR (KBr) 3315, 2936, 2852, 1627, 1535,
1489, 1446, 1330 cm�1; 1H NMR (CDCl3) d 1.12–
2.03 (m, 10H), 3.88–4.02 (m, 1H), 6.03 (br, 1H),
7.24–7.75 (m, 5H); MS m/z (relative intensity) 203
(M+, 51), 122 (77), 105 (100), 77 (42).
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