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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.
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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, andpharmaceuticals.1 Themost commonsynthetic
route to these nitrogen-containing compounds relies heavily on the
reactions of activated carboxylic acids and their derivatives with
amines.2 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,3 hydrative
reactions between alkynes and azides,4 carbonylation of aryl chlo-
rides to the corresponding amides,5 and oxidative coupling of an
R-bromonitroalkane.6 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 initiators7 and light,8 the amida-
tion via Cannizzaro reactions using lithium diisopropylamide (LDA)9

or lanthanide reagents,10 and the NHC catalyst amidation11 were
reported. However, most catalytic amidation processes need
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transition-metal complexes (such as Cu,12aec Rh,12d Ru,12e Pd,12f Ni,12g

Au,12h Fe12i) and extra oxidant. Besides, metal-free oxidative ami-
dation from aldehydes13 and the direct oxidative amidation from
alcohols have also been reported.14 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;15

compound b can be accommodated in the luciferin binding site;16

a series of compound c showed antiulcer activity.17 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.
a   b c
NH2

Fig. 1. Examples illustrating the importance of aminopyridine amide.
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Table 2
Copper-catalyzed oxidative amidation of aldehydesa

CHO
R1 N NH2

+
R2 N

H
N

O

R1

R2

CuI 80oC

1a-n 2a-j
3

DMF

Entry R1 R2 Product Yield (%)

1 H H 3aa 92
2 4-Cl H 3ba 82
3 4-Br H 3ca 71
4 4-CH3 H 3da 90
5 4-OCH3 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-CH3 H 3ka 82
12 3,4-Di-OCH3 H 3la 87
13 Piperonyl H 3ma 83
14 Furyl H 3na 45
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2. Results and discussions

Initially, benzaldehyde 1a and pyridine-2-amine 2awere chosen
as model substrates for surveying the reaction parameters. Firstly,
the reaction was carried out with CuI 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).
Thenwe tried other copper salts and some iron salts to improve the
yield, but no satisfied result was achieved (Table 1, entries 2e5).
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 CuI 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 O2 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 13e16), 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 conditionsa

CHO

N NH2
+ N

H
N

O

catalyst

1a 2a 3aa

olvent

Entry Catalyst Oxidant Solvent Time (h) Yield (%)

1 CuI Air DMF 6 45
2 CuBr Air DMF 6 20
3 CuCl Air DMF 6 17
4 Cu(OAc)2 Air DMF 6 5
5 FeCl2 Air DMF 6 32
6 CuI Air DMF 12 73
7 CuI Air DMF 24 92
8 CuI Air DMF 24 63b

9 CuI Air DMF 24 80c

10 CuI Air DMF 24 35d

11 d Air DMF 24 0
12 CuI O2 DMF 24 85
13 CuI Air DMA 24 87
14 CuI Air DMSO 24 42
15 CuI Air CH3CN 24 0
16 CuI Air NMP 24 Trace

a 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.

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.

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

15 H 4-CH3 3ab 89
16 H 4-Cl 3ac 48
17 H 5-CH3 3ad 74
18 H 5-F 3ae 50
19 H 6-CH3 3af 28
20 H 6-Cl 3ag Trace
21 4-OCH3 4-CH3 3ah 86
22 4-OCH3 4-Cl 3ai 53
23 H 4-COOEt 3aj 55

a Reaction condition: The reaction was carried out using 1aen (0.47 mmol), 2aej
(0.34 mmol), and catalyst (0.03 mmol) in 2 mL DMF 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, awide rangeof substitutedgroups attached tobenzaldehydes
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 2e12).
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 andmethoxy groups (Table 2, entries 6e10). As a result of the
steric effects from the substituent, the 2-substituted aldehydes show
Please cite this article in press as: Yang, S.; et al., Tetrahedron (2013), htt
lower yields (Table 2, entries 6, 8, and 9). To our disappointment,
when other electron-withdrawing groups such as o-NO2, p-NO2were
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 15e22), 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
reactionwas 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.
p://dx.doi.org/10.1016/j.tet.2013.05.072
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Scheme 1. Proposed mechanism of the reaction.
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3. Conclusion

We have demonstrated a one-pot, efficient copper-catalyst
dehydrogenative cross-coupling to form amides from amino-
pyridines and aldehydes. Using a simple catalyst and air as the
oxidant, the protocol can achieve excellent yields. This current
development makes the environmentally benign and economical
acylation of amines directly with aldehydes come true, which has
wide range of applications in organic synthesis.

4. Experimental

4.1. General

Column chromatography was carried out on silica gel. 1H NMR
spectra were recorded on 400 MHz in CDCl3 and 13C NMR spectra
were recorded on 100MHz in CDCl3 using TMS as internal standard.
IR spectra were recorded on an FT-IR spectrometer and only major
peaks are reported in cm�1. All new compounds were further
characterized by HRMS; copies of their 1H NMR and C NMR spectra
are provided. All melting points were determined without correc-
tion. Commercially available reagents and solvents were used
without further purification.

4.2. Reactions of benzaldehyde 1aen with pyridine-2-amine
2aei

4.2.1. Typical procedure for the preparation of N-(pyridin-2-yl)ben-
zamide (3aa). A test tube was charged with 1a (0.47 mmol), 2a
(0.34 mmol), and CuI (5.73 mg, 0.03 mmol). Then 2 mL DMF was
added to the reaction system. The reaction mixture was stirred at
80 �C for 24 h. After cooling to room temperature, the solvent was
diluted with 10 mL ethyl acetate and washed with 5 mL brine and
dried over anhydrous Na2SO4. After the solvent was evaporated in
vacuo, the residuewas purified by column chromatography, eluting
with petroleum ether/EtOAc (5:1) to afford N-(pyridin-2-yl)ben-
zamide 3aa (62 mg, 92% yield) as yellow solid. Mp 80e82 �C; 1H
NMR (400MHz, CDCl3): d 8.85 (br s, 1H), 8.40 (d, J¼8.4 Hz, 1H), 8.23
(d, J¼4 Hz, 1H), 7.93 (d, J¼7.2 Hz, 1H), 7.918 (s, 1H), 7.78e7.74 (m,
1H), 7.59e7.55 (m, 1H), 7.51e7.48 (m, 2H), 7.06 (dd, J¼6.8, 5.2 Hz,
1H); 13C NMR (100 MHz, CDCl3): d 165.8, 151.6, 147.9, 138.5, 134.3,
132.2, 128.8, 127.2, 119.9, 114.2; IR (neat, cm�1) 3412, 3110, 3030,
2241, 1665, 1595, 1458, 1301, 1260, 773, 753, 700; HRMS (ESI) calcd
for C12H11N2O [MþH]þ: 199.0875; found: 199.0871.

4.2.2. 4-Chloro-N-(pyridin-2-yl)benzamide(3ba). Compound 3ba
was prepared from 1b and 2a according to the typical experimental
procedure shown in Section4.2.1. White solid (64 mg, 82%). Mp
136e138 �C; 1H NMR (400 MHz, CDCl3): d 9.47 (br s, 1H), 8.38 (d,
J¼8.4 Hz, 1H), 8.08e8.07 (m, 1H), 7.87 (d, J¼8.4 Hz, 2H), 7.76e7.72
Please cite this article in press as: Yang, S.; et al., Tetrahedron (2013), htt
(m, 1H), 7.42 (d, J¼8.4 Hz, 2H), 7.04e7.01 (m, 1H); 13C NMR
(100 MHz, CDCl3): d 165.0, 151.6, 147.7, 138.5, 138.4, 132.7, 128.9,
128.7, 120.0, 114.5; IR (neat, cm�1) 3415, 3197, 3045, 2245, 1673,
1601, 1452, 1308, 1245, 1010, 836, 743, 733; HRMS (ESI) calcd for
C12H10ClN2O [MþH]þ: 233.0487; found: 233.0482.

4.2.3. 4-Bromo-N-(pyridin-2-yl)benzamide (3ca). Compound 3ca
was prepared from 1c and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (66 mg, 71%). Mp
132e134 �C; 1H NMR (400 MHz, CDCl3): d 9.29 (br s, 1H), 8.37 (d,
J¼8.4 Hz, 1H), 8.13 (s, 1H), 7.80 (d, J¼8.4 Hz, 2H), 7.75 (t, J¼0.8 Hz,
1H), 7.62e7.59 (m, 2H), 7.05 (d, J¼4.8 Hz, 1H); IR (neat, cm�1) 3410,
3185, 3042, 2240, 1678, 1597, 1432, 1354, 1245, 1006, 909, 832, 731;
HRMS (ESI) calcd for C12H10BrN2O [MþH]þ: 276.9979; found:
276.9977.

4.2.4. 4-Methyl-N-(pyridin-2-yl)benzamide (3da). Compound 3da
was prepared from 1d and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (65 mg, 90%). Mp
100e102 �C; 1H NMR (400 MHz, CDCl3): d 9.03 (br s, 1H), 8.40 (t,
J¼6.8 Hz, 1H), 8.20 (s, 1H), 7.84e7.80 (m, 2H), 7.74 (d, J¼6.8 Hz, 1H),
7.27 (s, 2H), 7.03 (d, J¼4.8 Hz, 1H), 2.42 (s, 3H); 13C NMR (100 MHz,
CDCl3): d 165.8, 151.7, 147.8, 142.8, 138.4, 131.4, 129.4, 127.3, 119.7,
114.2, 21.5; IR (neat, cm�1) 3414, 3080, 3028, 2918, 2240, 1673,
1600, 1430, 1323, 1259, 825, 749, 730; HRMS (ESI) calcd for
C13H13N2O [MþH]þ: 213.1024; found: 213.1028.

4.2.5. 4-Methoxy-N-(pyridin-2-yl)benzamide (3ea). Compound 3ea
was prepared from 1e and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (66 mg, 85%). Mp
99e102 �C; 1H NMR (400 MHz, CDCl3): d 9.32 (br s, 1H), 8.40 (d,
J¼8.4 Hz, 1H), 8.16e8.15 (m, 1H), 7.91 (d, J¼8.8 Hz, 2H), 7.72 (dd,
J¼8, 7.2 Hz, 1H), 7.02e6.99 (m, 1H), 6.94 (d, J¼7.6 Hz, 1H), 6.93 (s,
1H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCl3): d 165.5, 162.6, 151.9,
147.6, 138.3, 129.2, 126.4, 119.5, 114.3, 113.8, 55.3; IR (neat, cm�1)
3365, 3084, 3006, 2944, 2231, 1701, 1583, 1436, 1342, 1248, 1165,
838, 780, 734; HRMS (ESI) calcd for C13H13N2O2 [MþH]þ: 229.0978;
found: 229.0977.

4.2.6. 2-Bromo-N-(pyridin-2-yl)benzamide (3fa). Compound 3fa
was prepared from 1f and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (28 mg, 30%). Mp
82e84 �C; 1H NMR (400 MHz, CDCl3): d 9.13 (d, J¼12.8 Hz, 1H), 8.39
(d, J¼8.4 Hz, 1H), 8.32 (dd, J¼4.8, 0.8 Hz, 1H), 8.17e8.13 (m, 1H),
7.78e7.74 (m, 1H), 7.57e7.52 (m, 1H), 7.34e7.30 (m, 1H), 7.22e7.17
(m, 1H), 7.10e7.07 (m, 1H); 13C NMR (100 MHz, CDCl3): d 161.7,
159.2,151.3,148.0,138.4,134.1,132.0,125.0,121.2,120.1, 116.5,114.6;
IR (neat, cm�1) 3385, 3067, 2248,1732, 1597, 1503,1462, 1320, 1248,
788, 731; HRMS (ESI) calcd for C12H10BrN2O [MþH]þ: 276.9981;
found: 276.9977.

4.2.7. 2-Methoxy-N-(pyridin-2-yl)benzamide (3ga). Compound 3ga
was prepared from 1g and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (73 mg, 94%). Mp
70e72 �C; 1H NMR (400 MHz, CDCl3): d 10.36 (br s, 1H), 8.44 (d,
J¼8.4 Hz, 1H), 8.32e8.31 (m, 1H), 8.27 (dd, J¼7.6, 1.6 Hz, 1H),
7.74e7.70 (m, 1H), 7.52e7.47 (m, 1H), 7.12 (t, J¼7.2 Hz, 1H),
7.05e7.01 (m, 2H), 4.05 (s, 3H); 13C NMR (100 MHz, CDCl3): d 163.5,
157.4, 151.9, 147.9, 138.1, 133.5, 132.3, 121.3, 121.2, 119.5, 114.6, 111.4,
56.1; IR (neat, cm�1) 3345, 3069, 2975, 2840,1670,1600,1463,1435,
1310, 1240, 1020, 777, 755, 681; HRMS (ESI) calcd for C13H13N2O2
[MþH]þ: 229.0974; found: 229.0977.

4.2.8. 2-Fluoro-N-(pyridin-2-yl)benzamide (3ha). Compound 3ha
was prepared from 1h and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (43 mg, 58%). Mp
p://dx.doi.org/10.1016/j.tet.2013.05.072
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162e164 �C; 1H NMR (400 MHz, CDCl3): d 9.90 (br s, 1H), 8.39 (d,
J¼8.4 Hz, 1H), 7.75e7.69 (m, 1H), 7.68 (d, J¼4.4 Hz, 1H), 7.61e7.57
(m, 2H), 7.39 (dd, J¼7.6, 1.2 Hz, 1H), 7.36e7.27 (m, 1H), 6.94e6.91
(m, 1H); 13C NMR (100 MHz, CDCl3): d 166.3, 151.5, 147.4, 138.6,
137.9, 133.5, 131.6, 129.3, 127.6, 120.0, 119.5, 114.6; IR (neat, cm�1)
3357, 3080, 1735,1650, 1576, 1423, 1202, 1034, 898, 778, 752; HRMS
(ESI) calcd for C12H10FN2O [MþH]þ: 217.0775; found: 217.0777.

4.2.9. 2-Chloro-N-(pyridin-2-yl)benzamide (3ia). Compound 3ia
was prepared from 1i and 2a according to the typical experimental
procedure shown in Section 4.2.1. White solid (44 mg, 56%). Mp
134e138 �C; 1H NMR (400 MHz, CDCl3): d 10.37 (br s, 1H), 8.40 (d,
J¼8.4 Hz, 1H), 7.73e7.69 (m, 1H), 7.62 (d, J¼7.6 Hz, 1H), 7.53 (dd,
J¼4.8, 1.2 Hz, 1H), 7.39e7.38 (m, 2H), 7.35e7.30 (m, 1H), 6.89e6.86
(m, 1H); 13C NMR (100 MHz, CDCl3): d 165.6, 151.6, 147.2, 138.5,
135.6, 131.4, 131.0, 130.2, 129.4, 127.0, 119.8, 114.6; IR (neat, cm�1)
3450, 3233, 3076, 2236, 1674, 1502, 1456, 1438, 1352, 1244, 1124,
1009, 756, 737; HRMS (ESI) calcd for C12H10ClN2O [MþH]þ:
233.0486; found: 233.0482.

4.2.10. 2,4-Dichloro-N-(pyridin-2-yl)benzamide (3ja). Compound
3ja was prepared from 1j and 2a according to the typical experi-
mental procedure shown in Section 4.2.1. White solid (60 mg, 66%).
Mp 122e124 �C; 1H NMR (400 MHz, CDCl3): d 10.16 (br s, 1H), 8.37
(d, J¼8.4 Hz, 1H), 7.77e7.72 (m, 1H), 7.69 (d, J¼4.8, 1H), 7.58 (d,
J¼8 Hz, 1H), 7.40 (d, J¼2 Hz, 1H), 7.31 (dd, J¼8.4, 2 Hz, 1H), 6.96 (dd,
J¼6.8, 5.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): d 164.4, 151.4, 147.2,
138.7, 137.0, 133.9, 132.0, 130.5, 130.1, 127.4, 120.1, 114.7; IR (neat,
cm�1) 3405, 3081, 3016, 1673, 1599, 1500, 1432, 1357, 1280, 1101,
828, 777, 733; HRMS (ESI) calcd for C12H9Cl2N2O [MþH]þ:
267.0095; found: 267.0092.

4.2.11. 3,4-Dimethyl-N-(pyridin-2-yl)benzamide (3ka). Compound
3ka was prepared from 1k and 2a according to the typical experi-
mental procedure shown in Section 4.2.1. Yellow solid (63mg, 82%).
Mp 101e103 �C; 1H NMR (400MHz, CDCl3): d 9.17 (br s, 1H), 8.41 (d,
J¼8.4 Hz,1H), 8.14 (d, J¼4.4 Hz,1H), 7.73 (d, J¼8 Hz, 2H), 7.70 (s,1H),
7.65 (d, J¼8 Hz, 1H), 7.00 (t, J¼5.6 Hz, 1H), 2.30 (s, 3H), 2.28 (s, 3H);
13C NMR (100 MHz, CDCl3): d 166.0, 151.8, 147.7, 141.3, 138.3, 137.0,
131.7, 129.8, 128.5, 124.7, 119.5, 114.2, 19.7, 19.6; IR (neat, cm�1)
3240, 3054, 3024, 2973, 2943, 2246, 1676, 1611, 1594, 1500, 1432,
1384, 1263, 1149, 1108, 811, 778, 752, 733; HRMS (ESI) calcd for
C14H15N2O [MþH]þ: 227.1188; found: 227.1184.

4.2.12. 3,4-Dimethoxy-N-(pyridin-2-yl)benzamide (3la). Compound
3la was prepared from 1l and 2a according to the typical experi-
mental procedure shown in Section 4.2.1. Yellow solid (76 mg, 87%).
Mp 122e125 �C; 1H NMR (400 MHz, CDCl3): d 9.19 (d, J¼20.4 Hz,
1H), 8.39 (d, J¼8.4 Hz, 1H), 8.20 (d, J¼4.4 Hz, 1H), 7.74e7.72 (m, 1H),
7.53e7.50 (m, 2H), 7.05e7.02 (m, 1H), 6.89 (d, J¼7.6 Hz, 1H), 3.93 (s,
3H), 3.92 (s, 3H); 13C NMR (100 MHz, CDCl3): d 165.4, 152.3, 151.8,
149.0, 147.7, 138.4, 126.7, 120.2, 120.2, 119.6, 114.2, 110.3, 55.9, 55.9;
IR (neat, cm�1) 3255, 3077, 3023, 2903, 1500, 1450, 1230, 915, 838,
754; HRMS (ESI) calcd for C14H15N2O3 [MþH]þ: 259.1086; found:
259.1083.

4.2.13. N-(Pyridin-2-yl)benzo[d][1,3]dioxole-5-carboxamide
(3ma). Compound 3mawas prepared from 1m and 2a according to
the typical experimental procedure shown in Section 4.2.1. Yellow
solid (68 mg, 83%). Mp 112e116 �C; 1H NMR (400 MHz, CDCl3):
d 9.08 (br s, 1H), 8.36 (d, J¼8.4 Hz, 1H), 8.18 (d, J¼4.4 Hz, 1H),
7.74e7.71 (m, 1H), 7.46 (d, J¼8.4 Hz, 1H), 7.42 (d, J¼0.4 Hz, 1H),
7.04e7.01 (m, 1H), 6.85e6.82 (m, 1H), 6.04 (s, 2H); 13C NMR
(100 MHz, CDCl3): d 165.1, 151.8, 150.9, 148.1, 147.7, 138.3, 128.4,
122.1, 119.7, 114.2, 108.0, 107.9, 101.8; IR (neat, cm�1) 3224, 3052,
3020, 2916, 2251, 1668, 1502, 1486, 1433, 1257, 1241, 1038, 910, 777,
Please cite this article in press as: Yang, S.; et al., Tetrahedron (2013), htt
735; HRMS (ESI) calcd for C13H10N2O3 [MþH]þ: 242.0693; found:
242.0691.

4.2.14. N-(Pyridin-2-yl)furan-2-carboxamide (3na). Compound 3na
was prepared from 1n and 2a according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (29 mg, 45%). Mp
70e74 �C; 1H NMR (400 MHz, CDCl3): d 8.81 (br s, 1H), 8.33 (d,
J¼8.4 Hz, 2H), 7.76e7.72 (m, 1H), 7.53 (s, 1H), 7.28 (d, J¼3.6 Hz, 1H),
7.07 (dd, J¼7.2, 5.2 Hz, 1H), 6.57 (dd, J¼4.8, 1.6 Hz, 1H); 13C NMR
(100 MHz, CDCl3): d 156.1, 151.0, 148.0, 147.3, 144.7, 138.4, 119.9,
115.8, 114.1, 112.6; IR (neat, cm�1) 3400, 3231, 3118, 3065, 2247,
1678,1595,1578,1522,1434,1310,1269,1228,1166, 776, 758; HRMS
(ESI) calcd for C10H9N2O2 [MþH]þ: 189.0667; found: 189.0664.

4.2.15. N-(4-Methylpyridin-2-yl)benzamide (3ab). Compound 3ab
was prepared from 1a and 2b according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (64 mg, 89%). Mp
110e112 �C; 1HNMR (400MHz, CDCl3): d 9.21 (br s,1H), 8.26 (s,1H),
7.97 (d, J¼5.2 Hz, 1H), 7.93 (s, 1H), 7.91 (s, 1H), 7.55 (t, J¼7.2 Hz, 1H),
7.48e7.45 (m, 2H), 6.84 (d, J¼4.8 Hz, 1H), 2.39 (s, 1H); 13C NMR
(100 MHz, CDCl3): d 166.0, 151.7, 150.0, 147.3, 134.4, 132.0, 128.7,
127.3, 121.0, 114.8, 21.4; IR (neat, cm�1) 3412, 3180, 3053, 2915,
2243, 1693, 1605, 1512, 1492, 1380, 798, 772, 731, 700; HRMS (ESI)
calcd for C13H13N2O [MþH]þ: 213.1031; found: 213.1028.

4.2.16. N-(4-Chloropyridin-2-yl)benzamide (3ac). Compound 3ac
was prepared from 1a and 2b according to the typical experimental
procedure shown in Section 4.2.1. White solid (38 mg, 48%). Mp
115e118 �C; 1H NMR (400 MHz, CDCl3): d 8.87 (br s, 1H), 8.50 (d,
J¼2 Hz, 1H), 8.10 (d, J¼5.2 Hz, 1H), 7.92e7.90 (m, 1H), 7.60e7.57 (m,
1H), 7.52e7.48 (m, 2H), 7.06 (dd, J¼5.6, 2Hz,1H); 13CNMR(100MHz,
CDCl3): d 165.8, 152.5, 148.5, 146.0, 133.9, 132.5, 128.9, 127.2, 120.3,
114.3; IR (neat, cm�1) 3415, 3230, 3104, 3064, 3030, 2873, 2251,
1681, 1566, 1518, 1492, 1403, 1285, 1095, 879, 818, 796, 710; HRMS
(ESI) calcd for C12H10ClN2O [MþH]þ: 233.0487; found: 233.0482.

4.2.17. N-(5-Methylpyridin-2-yl)benzamide (3ad). Compound 3ad
was prepared from 1a and 2d according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (53 mg, 74%). Mp
100e102 �C; 1H NMR (400 MHz, CDCl3): d 9.06 (br s, 1H), 8.30 (d,
J¼8.4 Hz, 1H), 7.96 (s, 1H), 7.92 (t, J¼7.6 Hz, 2H), 7.55 (t, J¼2 Hz, 1H),
7.54e7.53 (m, 1H), 7.49e7.45 (m, 2H), 2.27 (s, 3H); 13C NMR
(100 MHz, CDCl3): d 165.6, 157.0, 15.8, 138.7, 134.4, 132.2, 128.8,
127.2, 119.4, 110.9, 24.0; IR (neat, cm�1) 3407, 3196, 3051, 2937,
1688, 1526, 1430, 1245, 1072, 835, 773, 736, 700; HRMS (ESI) calcd
for C13H13N2O [MþH]þ: 213.1032; found: 213.1028.

4.2.18. N-(5-Fluoropyridin-2-yl)benzamide (3ae). Compound 3ae
was prepared from 1a and 2e according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (37 mg, 50%). Mp
106e108 �C; 1H NMR (400 MHz, CDCl3): d 8.74 (br s, 1H), 8.43 (dd,
J¼9.2, 4.4 Hz, 1H), 8.09 (d, J¼2.8 Hz, 1H), 7.91 (d, J¼7.2 Hz, 1H), 7.90
(s, 1H), 7.60e7.56 (m, 1H), 7.52e7.50 (m, 1H), 7.49 (t, J¼1.6 Hz, 1H),
7.47 (d, J¼2.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): d 165.5, 157.7,
155.2, 147.8, 135.5, 135.3, 134.0, 132.3, 128.9, 127.2, 125.4, 125.2,
114.9; IR (neat, cm�1) 3455, 3284, 3086, 3055, 1651, 1532, 1508,
1368, 1203, 1120, 808, 771, 698; HRMS (ESI) calcd for C12H10FN2O
[MþH]þ: 217.0775; found: 217.0777.

4.2.19. N-(6-Methylpyridin-2-yl)benzamide (3af). Compound 3af
was prepared from 1a and 2f according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (20 mg, 28%). Mp
76e78 �C; 1H NMR (400 MHz, CDCl3): d 8.52 (br s, 1H), 8.19 (d,
J¼8.4 Hz, 1H), 7.93 (d, J¼7.2 Hz, 2H), 7.65 (t, J¼8 Hz, 1H), 7.59e7.55
(m,1H), 7.52e7.48 (m, 2H), 2.48 (s, 3H); 13C NMR (100MHz, CDCl3):
d 165.6, 157.0, 150.8, 138.7, 134.4, 132.2, 128.8, 127.2, 119.4, 110.9,
p://dx.doi.org/10.1016/j.tet.2013.05.072
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24.0; IR (neat, cm�1) 3439, 3346, 3247, 3084, 3042, 1705, 1630,
1469, 1260, 1103, 811, 775, 700; HRMS (ESI) calcd for C13H13N2O
[MþH]þ: 213.1025; found: 213.1028.

4 .2 .20 . 4-Methoxy-N-(4-methylpyr id in-2-yl )benzamide
(3ah). Compound 3ah was prepared from 1a and 2h according to
the typical experimental procedure shown in Section 4.2.1. Yellow
solid (44mg, 53%).Mp133e135 �C; 1HNMR (400MHz, CDCl3): d9.18
(br s, 1H), 8.25 (s, 1H), 8.00 (d, J¼4.8 Hz, 1H), 7.91 (d, J¼8.8 Hz, 2H),
6.94 (d, J¼8.8Hz, 2H), 6.84 (d, J¼4.8Hz,1H), 3.85 (s, 3H), 2.38 (s, 3H);
13C NMR (100 MHz, CDCl3): d 165.4, 162.6, 151.9, 149.8, 147.3, 129.2,
126.5,120.7,114.7,113.8, 55.4, 21.3; IR (neat, cm�1) 3386, 3230, 3029,
2972, 2896, 2251, 1669, 1610, 1500,1433, 1258, 910, 875, 733; HRMS
(ESI) calcd for C14H15N2O2 [MþH]þ: 243.1138; found: 243.1134.

4 .2 .21. N- (4-Ch loropyr id in-2-yl ) -4-methoxybenzamide
(3ai). Compound 3aiwas prepared from 1a and 2i according to the
typical experimental procedure shown in Section 4.2.1. Yellow solid
(77 mg, 86%). Mp 142e144 �C; 1H NMR (400MHz, CDCl3): d 8.83 (br
s, 1H), 8.49 (d, J¼1.6 Hz, 1H), 8.13 (d, J¼5.2 Hz, 1H), 7.89 (d, J¼8.4 Hz,
2H), 7.05 (dd, J¼5.6, 1.6 Hz, 1H), 6.98 (d, J¼8.8 Hz, 2H), 3.88 (s, 3H);
13C NMR (100 MHz, CDCl3): d 165.2, 163.0, 152.7, 148.4, 145.9, 129.2,
125.9, 120.1, 114.3, 114.1, 55.5; IR (neat, cm�1) 3415, 3285, 3226,
3072, 3031, 2948, 2874, 2251, 1675, 1530, 1458, 1322, 1218, 1067,
916, 873, 734; HRMS (ESI) calcd for C13H12ClN2O2 [MþH]þ:
263.0588; found: 263.0587.

4.2.22. Ethyl 2-benzamidoisonicotinate (3aj). Compound 3aj was
prepared from 1a and 2j according to the typical experimental
procedure shown in Section 4.2.1. Yellow solid (50 mg, 55%). Mp
94e96 �C; 1H NMR (400 MHz, CDCl3): d 8.93 (s, 1H), 8.86 (br d,
J¼12.8 Hz, 1H), 8.38 (t, J¼4.4 Hz, 1H), 7.96 (s, 1H), 7.94 (d, J¼1.2 Hz,
1H), 7.64 (dd, J¼4.8, 1.2 Hz, 1H), 7.59 (d, J¼7.2 Hz, 1H), 7.52 (t,
J¼7.6 Hz, 2H), 4.44 (q, J¼7.2 Hz, 2H), 1.43 (t, J¼7.2 Hz, 3H); 13C NMR
(100 MHz, CDCl3): d 165.7, 164.9, 152.4, 148.5, 140.3, 133.9, 132.5,
128.9,127.2,119.4,113.7, 61.9,14.2; IR (neat, cm�1) 3416, 3058, 2976,
1650, 1443, 1226, 754, 736, 704; HRMS (ESI) calcd for C15H15N2O3
[MþH]þ: 271.1085; found: 271.1083.
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