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We have developed a highly efficient method in the presence of copper catalyst to form amides from
aminopyridines and aldehydes. This method is simple, environmental benign and has practical advan-
tages in the amide synthesis.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The amide bond is a key functional group in organic chemistry. It
plays an important role in the composition of polymers, proteins,
natural products, and pharmaceuticals.! The most common synthetic
route to these nitrogen-containing compounds relies heavily on the
reactions of activated carboxylic acids and their derivatives with
amines.? However, this method has the innate drawbacks, for in-
stance, a large amount of byproducts are generated and the activated
carboxylic acid derivatives are not stable. Over the past few years,
alternative procedures of amide synthesis have been developed,
including an azide based modified Staudinger reaction, hydrative
reactions between alkynes and azides,* carbonylation of aryl chlo-
rides to the corresponding amides,” and oxidative coupling of an
R-bromonitroalkane.® Recently, direct aldehyde amidation with
amines has drawn attention owing to its economical and the abun-
dant nature of starting materials, for example, the radical-mediated
oxidative amidation with radical initiators’ and light® the amida-
tion via Cannizzaro reactions using lithium diisopropylamide (LDA)°
or lanthanide reagents,'® and the NHC catalyst amidation!! were
reported. However, most catalytic amidation processes need
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transition-metal complexes (such as Cu,'?®~°Rh,'2d Ru,'2¢ pd,'? N, 128

Au,'2" Fe'?l) and extra oxidant. Besides, metal-free oxidative ami-
dation from aldehydes'® and the direct oxidative amidation from
alcohols have also been reported.’* Noteworthy all these reactions
require relatively harsh conditions such as light, expensive oxidant,
strong bases or high temperature, so there is still a need for easy and
efficient methods to construct amide bond.

N-(Pyridin-2-yl)benzamide as an important pharmacophore is
widely found in many bioactive compounds, such as the com-
pounds shown in Fig. 1, compound a is a luciferase inhibitor and the
same structure of a has been patented for osteoporosis treatment;
compound b can be accommodated in the luciferin binding site;'®
a series of compound ¢ showed antiulcer activity.!” Recently, we
have developed a simple amidation of this kind of compounds with
copper salts as the catalyst, no other extra oxidant and strong base
are used.
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Fig. 1. Examples illustrating the importance of aminopyridine amide.
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2. Results and discussions

Initially, benzaldehyde 1a and pyridine-2-amine 2a were chosen
as model substrates for surveying the reaction parameters. Firstly,
the reaction was carried out with Cul at 80 °C in N,N-dime-
thylformamide (DMF). Gratifyingly, the desired N-(pyridin-2-yl)
benzamide 3aa was obtained in 45% after 6 h (Table 1, entry 1).
Then we tried other copper salts and some iron salts to improve the
yield, but no satisfied result was achieved (Table 1, entries 2—5).
When we prolonged the reaction time from 6 h to 12 h, the yield
increased to 73%, and after 24 h, we got a yield of 92% (Table 1,
entries 6 and 7). A reduced amount of Cul gave lower yield (Table 1,
entry 10). As expected, no target product was obtained in the ab-
sence of catalyst (Table 1, entry 11). Furthermore, when O, was
employed as the oxidant, 85% of desired product was isolated (Table
1, entry 12). Thus, air was chosen as oxidant for its abundance, low
cost, and convenience. Switching the reaction solvent like DMA,
DMSO, CH3CN or NMP didn’t further improve the yield (Table 1,
entries 13—16), and the yield decreased either raised or lowered the
temperature (Table 1, entries 8 and 9). Ultimately, the optimized
conditions were identified (Table 1, entry 7).

Table 1
Optimization of the reaction conditions®
0 =
CHO A - |
©/ | catalyst ©)L NN
+ P H
N™ NHz olvent
1a 2a 3aa

Entry Catalyst Oxidant Solvent Time (h) Yield (%)
1 Cul Air DMF 6 45
2 CuBr Air DMF 6 20
3 CuCl Air DMF 6 17
4 Cu(OAC), Air DMF 6 5
5 FeCl, Air DMF 6 32
6 Cul Air DMF 12 73
7 Cul Air DMF 24 92
8 Cul Air DMF 24 63°
9 Cul Air DMF 24 80¢
10 Cul Air DMF 24 354
11 — Air DMF 24 0
12 Cul 0, DMF 24 85
13 Cul Air DMA 24 87
14 Cul Air DMSO 24 42
15 Cul Air CH3CN 24 0
16 Cul Air NMP 24 Trace

2 Reaction condition: The reaction was carried out using 1a (0.47 mmol), 2a
(0.34 mmol), and catalyst (0.03 mmol) in 2 mL DMF for 24 h at 80 °C.

b Reaction condition: The reaction was carried out using 1a (0.47 mmol), 2a
(0.34 mmol), and catalyst (0.03 mmol) in 2 mL DMF for 24 h at 60 °C.

¢ Reaction condition: The reaction was carried out using 1a (0.47 mmol), 2a
(0.34 mmol), and catalyst (0.03 mmol) in 2 mL DMF for 24 h at 100 °C.

94 The reaction was carried out using 1a (0.47 mmol), 2a (0.34 mmol), and catalyst
(0.015 mmol) in 2 mL DMEF for 24 h at 80 °C.

Under the optimized reaction conditions, we examined a series of
benzaldehydes and aminopyridines to establish the scope and limi-
tation of the process, and the results are illustrated in Table 2. To our
delight, a wide range of substituted groups attached to benzaldehydes
or aminopyridines all give a good yield although the nature of the
substituent in pyridine ring had some influence on the yield. Gener-
ally, benzaldehydes substituted with electron-donating groups
showed better reactivity and a higher yield (Table 2, entries 2—12).
Interestingly, electron-deficient substituent on position-2 of the
benzaldehyde seems have a bad impact, such as chloro and bromo
groups, but the electron-rich ones still give a high yield, such as
methyl and methoxy groups (Table 2, entries 6—10). As a result of the
steric effects from the substituent, the 2-substituted aldehydes show

Table 2
Copper-catalyzed oxidative amidation of aldehydes?®

R2
o //I
CHO TS Cul 80°C J
A R,— u X
R1—: + 2 “\ V7 —_— R_n\ N N
= N”NH g

2 DMF H
1a-n 2a+j 3

Entry Ry Ry Product Yield (%)
1 H H 3aa 92
2 4-Cl H 3ba 82
3 4-Br H 3ca 71
4 4-CHs3 H 3da 90
5 4-0OCH3 H 3ea 85
6 2-Br H 3fa 30
7 2-OCH3 H 3ga 94
8 2-F H 3ha 58
9 2-Cl H 3ia 56
10 2,4-Di-Cl H 3ja 66
11 3,4-Di-CHj3 H 3ka 82
12 3,4-Di-OCH3 H 3la 87
13 Piperonyl H 3ma 83
14 Furyl H 3na 45
15 H 4-CH; 3ab 89
16 H 4-Cl 3ac 48
17 H 5-CHs 3ad 74
18 H 5-F 3ae 50
19 H 6-CH3 3af 28
20 H 6-Cl 3ag Trace
21 4-0OCH3 4-CH; 3ah 86
22 4-0OCH3 4-Cl 3ai 53
23 H 4-COOEt 3aj 55

@ Reaction condition: The reaction was carried out using 1a—n (0.47 mmol), 2a—j
(0.34 mmol), and catalyst (0.03 mmol) in 2 mL DMF for 24 h at 80 °C.

lower yields (Table 2, entries 6, 8, and 9). To our disappointment,
when other electron-withdrawing groups such as 0-NO,, p-NO, were
tested, only a trace amount of product was detected on the silica gel.
Furthermore, the reaction of the heteroatom-containing aromatic
aldehydes also proceeded efficiently (Table 2, entries 13 and 14).

Subsequently, the substrate scope of aminopyridines was fur-
ther investigated. With the comparison of electron-withdrawing
and electron-donating groups in positions 4, 5, and 6 of amino
(Table 2, entries 15—22), the reaction exhibited the similar activi-
ties, the results indicated that electron-donating 2-aminopyridines
were successfully employed and gave higher yields (Table 2, entries
15 and 17) than those with electron-deficient substituent (Table 2,
entries 16 and 18). However 1a reacted with 2f to produce 3af in
only 28% yield, and nearly trace desired product 3ag could get. This
may be due to the steric hindrance on the pyridine ring, especially
on the electron-deficient functional group. Moreover, different
2-amino heterocycles were also tested (Table 2, entry 23). When
2-aminopyrimidine was subjected to the reaction system, no
reaction was observed, and 2-aminobenzimidazole also didn’t react
as the desired product was not detected.

It is noteworthy that when benzaldehyde was replaced with
corresponding benzoic acid, the expected amide was not achieved
under the optimized reaction conditions. Therefore, the possibility
that amide formation may arise from a transamidation reaction
with a carboxylic acid origin from the direct oxidation of the al-
dehyde should be excluded. Based on the above results, a plausible
mechanism for the direct oxidative amidation of aldehydes for
amide formation is shown in Scheme 1. Intermediate C can be
obtained through complexation under the influence of the Cu(I)
salt. After that the nucleophilic attack of amino to the carbonyl
functional group and the further proton transfer gave a hemiaminal
E, which then may be oxidized by oxygen to produce the target
product F. However, imines couldn’t be employed as the starting
substrates to accomplish the amidation reaction to generate the
target products directly.
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