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Metal-Free C2-H Aminocarbonylation of Pyridines for the Synthesis of
Picolinamides

Wang, Yuyun Liu, Yunyun*
(College of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330022)

Abstract In this paper, a metal-free catalytic method for synthesis of 2-picolinamide derivatives is reported. Under the
promotion of proton acid, simple pyridines react with isocyanides to provide 2-picolinamides by means of the aminocar-
bonylation of the aryl C—H bond in the C2 position of pyridines. The product formation involves in the electrophilic addition
of isocyanide to pyridine ring, hydrolysis and the oxidative aromatization regenerating pyridine ring in the presence of
Di-#-butyl peroxide (DTBP) and oxalic acid dihydrate. Control experiments in the optimization section disclose the fact that
the proton acid and oxidant are both indispensable for this C—H bond aminocarbonylation reaction. Generally, the synthetic
reactions run smoothly under air atmosphere by heating all the substrates and reagents in one-pot at 100 ‘C. The pyridine
substrates containing methyl, #-butyl, cyclic dialkyl, methoxyl, halogen substituents at different site of the pyridine ring have
displayed fine tolerance to the synthesis of corresponding products with diverse substructures in the pyridine ring. On the
other hand, both alkyl and aryl functionalized isocyanides have also been found applicable to this synthetic protocol to pro-
vide 2-picolinamides containing correspondingly various N-alkyl and N-aryl fragment. The primary results indicate that the
stability of the isocyanide substrate evidently influence the reaction result. The reactions employing relatively more stable
2,6-dimethylphenyl isocyanide give corresponding products with higher yield than those ones using other isocyanides. Com-
paring with those reported methods employing transition metal catalyst such as silver or palladium salt to activate the C2-H
bond in pyridines for the synthesis of analogous products, the present method benefits from the distinctive features of totally
metal-free catalysis, broad substrate tolerance, specific regioselectivity in transforming C2-H bond, and high atom economy.
Therefore, such a synthetic method will reasonably be a practical approach in complementing those already known strategies
for the synthesis of structurally diverse and useful 2-picolinamide scaffolds.
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Scheme 1 Synthesis of picolinamides by different cross coupling reac-
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(Table 1, Entries 2~4). AMAJEFERE, HARRMAK
4:(Table 1, Entry 5). [FFE, A0 DTBP 175 [ 5250 5,
A WL 2 H b [ S K A4 (Table 1, Entry 6). PG
TR BB AT BV, H BRI 7 26 B R PG (Table
1, Entry 7). BfJE, XA EZREL R H e AR I 4 )8 E AT
WL A AU T BE(TBHP) X B (BQ) i A AL 2K F Ik
(BPO). AR A (K1O,) FIE R 2K (PhI(OAcC),) #EAT 1 i
ik, {HREA 1SR 4P L7 (Table 1, Entries 8~12).
[F)RE, 0 55 ol 5 AT AS ) A 1) A BV 751 7Y Tk g
(THF). —HIETH(DMSO). Z & (MeCN). 5 HkE
(DCM) LA J2 %5 — F 2 (p-xylene) 53 B /E N A TR EAT T %t
bb, X b IR R DCE {1588 42 i A3 I B A) i (Table
1, Entries 13~17). f&Ja, FICRMIERE, HFRr=Y) 3a
7= A B T B
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Table 1  Optimization on reaction conditions”

XN X
| . O ® conditions || P H
N/ C=N—tBu ———» N ~t-Bu

1a 2a 3a O
Entry Acid Oxidant Solvent T/°C  Yield”/%

1 PTSA DTBP DCE 100 42
2 TFA DTBP DCE 100 37
3 H,SO, DTBP DCE 100 31
4 H,C,04°2H,0 DTBP DCE 100 72
5 — DTBP DCE 100 0

6 H,C,04°2H,0 — DCE 100 0
7¢ H,C,04°2H,0 DTBP DCE 100 33
8 H,C,04°2H,0 TBHP DCE 100 23
9 H,C,04°2H,0 BQ DCE 100 0
10 H,C,04°2H,0 BPO DCE 100 0
11 H,C,04°2H,0 KIO; DCE 100 0
12 H,C,04°2H,0 PhI(OAc), DCE 100 0
13 H,C,04°2H,0 DTBP THF 100 trace
14 H,C,04°2H,0 DTBP DMSO 100 34
15 H,C,04°2H,0 DTBP MeCN 100 50
16 H,C,04°2H,0 DTBP DCM 100 62
17 H,C,0.,2H,0 DTBP  p-xylene 100 41
18 H,C,04°2H,0 DTBP DCE 80 50

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ General conditions: 1a (0.25 mmol), 2a (0.375 mmol), acid (0.25
mmol), oxidant (0.5 mmol) in solvent (2 mL), stirred at 100 ‘C for 24 h
in sealed tube. ® Isolated yield based on 1a. “ The loading of H,C,04+2H,0
was 0.125 mmol.
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Table 2 Application scope of the aminocarbonylation reaction*’

A X o ® HyC2042H,0 (1 equiv.) R !
R _IK + C:N_RZ \ ~
N7 - DTBP (2 equiv.), DCE
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| H | N
N NN s N” LR
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o} o S
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I AN
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3s, 72% not observed

“ Reaction conditions: 1a (0.25 mmol), 2a (0.375 mmol), H,C,04°2H,0
(0.25 mmol), DTBP (0.5 mmol), DCE (2.0 mL), stirred at 100 C for 24
h in sealed tube. ® Isolated yields.
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Scheme 2 The proposed reaction mechanism
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