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A highly efficient method by using benzenesulfonic anhy-
dride (BSA) in the presence of 4-(dimethylamino)pyridine
(DMAP) to synthesize carboxamides from various carboxylic
acids and amines including sterically hindered ones is establish-
ed. This reaction proceeds smoothly to provide the desired prod-
uct in high yield.

Preparation of carboxamides from carboxylic acids and
amines is one of the most fundamental and important steps for
the syntheses of various natural and unnatural compounds,
and, therefore, various dehydrating methods for it have been re-
ported to date.!~!!

Among them, carboxylic anhydride derivatives such as aro-
matic carboxylic anhydrides are known to be powerful reagents
in the dehydration reaction.>’ It was previously reported from
our laboratory that an effective method for the synthesis of car-
boxylic esters or carboxamides using pyridine-3-carboxylic an-
hydride (3-PCA) in the presence of 4-(dimethylamino)pyridine
(DMAP) as the activator.!”> However, it was observed that the
yield of carboxylic esters or carboxamides decreased since the
yield of by-product increased in the cases of carboxylic acids
such as benzoic acid and cinnamic acid due to the factor of steric
and leaving-group ability.

On the basis of the above background, we focused on a link-
er moiety of the carboxylic anhydride, and sulfonic anhydride
derivatives such as benzenesulfonic anhydride were chosen. To
the best of our knowledge, no general procedures for the prepa-
ration of carboxamides from carboxylic acids and amines by us-
ing sulfonic anhydrides as a dehydrating agent have been report-
ed. Sulfonic anhydrides are known as good sulfonylation re-
agents owing to their leaving ability. Thus, the mixed anhydride
intermediates are expected to be easily formed at the first step in
this condensation reaction.

Herein, we would like to describe a simple and efficient
method for the synthesis of carboxamides by using commercial-
ly available benzenesulfonic anhydride (BSA) as a dehydrating
agent.

In the first place, the reaction of 3-phenylpropionic acid and
3-phenylpropylamine as a model substrate in the presence of
DMAP and BSA was examined in CH,Cl, at room temparature
(Table 1). As aresult, in the case when 1.1 molar amount of BSA
with 2.2 molar amount of DMAP were used, the reaction pro-
ceeded smoothly within 1h to provide 3-phenyl-N-(3-phenyl-
propyl)propanamide as the desired carboxamide in 89% yield
(Entry 1). Then, the reaction was further investigated about the
amount of reagents, namely BSA and DMAP. It was found that
the yield of carboxamide decreased to 68% when the amount of
DMAP was reduced to 1.2 molar amount (Entry 2). Further, even
when the amount of DMAP was increased to 2.4 molar amount,

Table 1. Synthesis of carboxamide using DMAP as an activator

NN

0

(0] 5 1 (0]
+ R“NH
R oH 2 DMAP RSNHR?
21(1.1 mol amt.) 32(1.0 mol amt.) CH,Cly, 1t, 1 h 4
R™ = Ph(CH2)2 R = Ph(CH2)3
Entry BSA/mol amt. DMAP/mol amt. Yield*/%
1 1.1 2.2 89
2 1.1 1.2 68
3 1.1 24 82
4 1.2 24 quant,
#Isolated yield.
Table 2. Effect of activators
O 00 O
\é/ \é/
0
(0] (0]
1 (1.2 mol amt.)
+  R®NH
Rl)kOH 2 activator (2.4 mol amt.) Rl)kNHR2
2 (1L.1molamt) 3 (1.0 molamt) CHyCly, rt,1h 4
RY=Ph(CH,), R?=Ph(CHy)s
Entry Activator Yield® /%
1 DMAP quant.
2 PPY 87
3 N-Methylimidazole 93
4 N-Butylimidazole 93
5 HOBt 33
6 N-Methylmorpholine 64
7 TEA /cat. DMAP* 77

Isolated yield. ®The reaction was carried out in the presence
of N-methylmorpholine (2.4 mol amt.). 2.4 mol amt. of TEA
and 0.1 mol amt. of DMAP were used.

the yield was not improved (Entry 3). On the other hand, the re-
action of 1.2 molar amount of BSA with 2.4 molar amount of
DMAP gave quantitative yield of the carboxamide.'3

The effect of activators was further examined (Table 2).
Then, 4-(1-pyrrolidinyl)pyridine (PPY) as DMAP derivative
was also successfully employed in this reaction and the desired
carboxamide was afforded in good yield (Entry 2). It was con-
firmed that imidazole derivatives such as N-methylimidazole
and N-butylimidazole gave good results similar to the case of us-
ing DMAP (Entries 3 and 4). In contrast, the yield decreased
markably down to 33% when 1-hydroxybenzotriazole (HOBt)
was used (Entry 5). In the case of using excess amount of trieth-
ylamine (TEA) and catalytic amount of DMAP the yield de-
creased to 77% (Entry 7).

In the next place, the effect of solvents was examined
(Table 3). The results obtained by the reactions in CH,Cl,,
MeCN, and DMF were also excellent (Entries 1, 3, and 4).
Whereas, in the case of using THF or toluene, the yield of de-
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Table 3. Effect of solvents

0000
\‘S’/ \g/
00
i ¥ R?NH, 1 (1.2 mol amt.) ji
R'”"OH DMAP (2.4 molamt) R” "NHR?
2 (1.1 mol amt.) 3 (1.0 mol amt.) rt,1h 4
R'=Ph(CHy), R”=Ph(CH,);
Entry Solvent Yield® /%
1 CH,Cl, quant.
2b CHxCl, 99
3 MeCN 99
4 DMF 96
5 THF 75
6 Toluene 66
Isolated yield. "The reaction was carried out at —78 °C.
Table 4. Synthesis of various carboxamides with BSA
Q09,0
o0
(0] ) 3 1 (1.2 mol amt.) (0]
riAon © RRNH DMAP @amolamt) o1ty pogs
(1.1 mol amt.) (1.0 mol amt.) CHyCl,, rt, 1 h
Entry Carboxylic acid Amine Yield*/%
1 Ph(CH,),CO,H Ph(CH,);NH, quant.
2 Ph(CH,),CO,H PhCH,NHCH; 94
3 Ph(CH,),CO,H PhCH(NH,)CH; 99
4 Ph(CH;),CO,H PhCH,NH, 94
5 Ph(CH,),CO,H PhNH, 97
6 Ph(CH,),CO,H Piperidine quant.
7 Ph(CH,),CO,H t-BuNH, 92
8 ¢-CgH,;COH Ph(CH,);NH, 97
9 ¢c-CeH;;COH PhCH(NH;)CHj3 96
10 c-C¢H;;COH Piperidine 92
11 Ph,CHCO,H PhCH(NH,)CH; quant
12 Ph,CHCO,H Ph(CH,);NH, quant
13 Ph,CHCO,H Piperidine 95
14 PhCO,H Ph(CH,);NH, 97
15 PhCO,H PhCH(NH,)CH; 95
16 PhCO,H Piperidine 96
17 PhCO,H PhNH, 97
18 (E)-PhCH=CHCO,H Ph(CH,);NH, quant.
19 (E)-PhCH=CHCO,H  PhCH(NH,)CH; quant.
20 (E)-Ph CH=CHCO,H Piperidine quant.
21 2-PyCOOH Ph(CH,);NH, quant.
22 2-PyCOOH PhCH(NH,)CH; quant.
23 2-PyCOOH Piperidine quant.

4Isolated yield.

sired carboxamide decreased (Entries 5 and 6). In addition, it
was observed that the desired product was obtained quantitative-
ly even when the reaction was carried out at —78 °C (Entry 2).

The results obtained by using various carboxylic acids and
amines under the optimized conditions are summarized in
Table 4. The reactions of 3-phenylpropionic acid with respective
amines proceeded smoothly to afford the corresponding carbox-
amides in high to excellent yields even when primary or secon-
dary amines including sterically hindered one such as fert-butyl-
amine were used (Entries 1-7). In most cases examined, no sul-
foxamides were detected as by-products. It was then confirmed
that the desired carboxamides were also obtained in high yields
when hindered «/,«¢-disubstituted carboxylic acids such as cyclo-
hexanecarboxylic acid and diphenylacetic acid were used (En-
tries 8—13). It was noteworthy that this reaction was applicable
also to ot,,B-unsaturated carboxylic acids such as cinnamic acid
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and aromatic carboxylic acids such as benzoic and 2-pyridine-
carboxylic acids (Entries 14-23) because in the case of conden-
sation reaction between amine and carboxylic acid such as ben-
zoic acid using 3-PCA as a dehydrating agent pyridine-3-carbox-
amide as a by-product derived from 3-PCA was mainly formed
and the yield of desired product decreased markably.!

Thus, an effective method for the synthesis of various car-
boxamides from nearly equimolar amounts of carboxylic acids
and amines by using BSA and DMAP is successfully developed.
Since this reaction was carried out under mild conditions by
simple experimental procedure and the desired corresponding
carboxamides were easily prepared in high to excellent yields,
it is noted that the benzenesulfonic anhydride is an efficient
and convenient reagent for the condensation reaction between
various carboxylic acids and amines including sterically hin-
dered ones.
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