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Abstract Transition metal-catalyzed C—H activation has attracted extensive attention because of its excellent functional
group tolerance and high efficiency. Among them, palladium-catalyzed reactions exhibit versatile catalytic cycles and have
mild conditions compared to others. Therefore, the palladium-catalyzed C—H activation has been employed broadly as a
practical strategy in synthetic chemistry during the past decade. Since the first example of palladium-catalyzed decarboxyla-
tive C—H acylation using a-oxocarboxylic acids was reported in 2008, a lot of substrates have been employed to synthesize
acylated products due to the easily available a-oxocarboxylic acids as well as the importance of acylation. However, the tran-
sition metal-catalyzed C—H esterification via decarbonylation is still limited. Our group previously developed the first di-
rected C—H esterification of methyl ketoximes and 2-phenylpyridines by using potassium oxalate monoester as the decar-
boxylative reagent. Encouraged by this impressive result as well as the importance of salicylate derivatives in drug discovery,
herein we disclose the efficient palladium-catalyzed decarboxylative esterification of 2-aryloxpyridines. This reaction pro-
ceeds smoothly with potassium oxalate monoester, affording the desired products in moderate to good yields (50%~82%).
Compared to our previous work, the electron-donating pyridinyloxy (PyO) group as the directing group and six-membered
metallocycle intermediate dramatically enhance the practicability and substrate tolerance of the present method. In addition,
one of the products has been chosen as the model compound to deprotect the directing group to get the valuable salicylate
derivative. The present method not only provides an efficient and convenient protocol for the synthesis of ethyl salicylate
derivatives, but also enriches the diversity of Pd(II)/Pd(IV) catalytic reactions. A general procedure for the esterification of
2-aryloxypyridines 1 with potassium oxalate monoester 2 is as following: a mixture of 1 (0.5 mmol), Pd(OAc), (10 mol%),
K;S,05 (1.0 mmol), Ag,COs (1.0 mmol), 2 (1.0 mmol), D-CSA (0.125 mmol), and 1,4-dioxane (2.5 mL) in a 25 mL tube was
heated at 80 ‘C for a suitable time. The reaction mixture was cooled to room temperature, and concentrated in vacuo. Puri-
fication of the residue by column chromatography on silica gel with petroleum ether and ethyl acetate as the eluent provided
the desired product 3.
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Figure 1 Some examples of salicylic acid derivatives in drugs
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WE (1a) IR BRL 2L TG B 30 (2) 1 S BRI K B 148 # £
RBLGEAT. W 1 BN, 4R B R ER ARV NI,
1a 5 2.0 equiv. N4 2 7E 10 mol%/H 1L &[] Pd(OAc),
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REA3E SR R HEAT, E 2 RIS N 2.0 equiv. A BRER AR AN
0.5 equiv. (1) D-FE it iR 7] LAA3 2| 73%H) 45 &7 #(Entry
3). G SR T FR R R — KA ) B R R A A A i T
R, 7= 2 RIFEE] 44%8# 31% (Entries 4, 5). &
BB AN B TRAR A AL IR AN BE S B TE AP O 45 1, o2
FMAR LA B (Entries 6, 7). W13 EH AL EE
FR AR FH B PR ) 5%, 72t A RIFEICH] 64% (En-
try 8). L0 HRE A IR D- A il R ) & PR AR 0.25
equiv.,, = FJLFE A EN, H2 %800 H 0.125
equiv., 73R4I K (Entries 9, 10). K, @05
F&EAE 0.25 equiv.ig NIEHE. W 2 MHERKR 1.0
equiv., P74 FE FK(Entry 11). 250U, BRAKARERAR
P &2 1.0 equiv., [FIFELFFC 2 (Entry 12). HEH
FILCAN 2R 2 DUk 3% A5 49 31 B8 4 7=
(Entries 13~15). %M JECKE] 0.5 mmol, 3%AH] A3
B T3%MFEER. G, ZRON ERAEAEE N 10
mol% AL FIBERR L, 2.0 equiv. FIEALTFIEBR R, 2.0
equiv. KRR ERER, 2.0 equiv. i E R L Z B4 th A1 0.25
equiv. [R5 D-FERRR. 1% NAE 80 CF 1,4- 44,
NIRRT 10 h £33 5 7= .
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Table 1 Optimization of the reaction conditions”

o (6]
X
@ @ . /\OHOK
7 o
1a 2

Pd(OAc), (10 mol%) COOEt
K,S,0s (2.0 equiv.) O~
silver salt (2.0 equiv.) Nl _
additive, solvent, 80 °C
3a
Entry Silver salt Additive Solvent Yield"/%
1 — — 1,4-dioxane trace
2 — D-CSA 1,4-dioxane trace
3 Ag,CO; D-CSA 1,4-dioxane 73
4 Ag,CO; PTSA 1,4-dioxane 44
5 Ag,CO; PivOH 1,4-dioxane 31
6 AgOAc D-CSA 1,4-dioxane 51
7 Ag,0 D-CSA 1,4-dioxane trace
8¢ Ag,CO; D-CSA 1,4-dioxane 64
9’ Ag,CO; D-CSA 1,4-dioxane 72
10¢ Ag,CO; D-CSA 1,4-dioxane 51
1V AgyCOs D-CSA 1,4-dioxane 46
12¢ AgrCOs D-CSA 1,4-dioxane 45
13 Ag,CO; D-CSA toluene 11
14 Ag,CO; D-CSA CH;CN 43
15 Ag,CO; D-CSA THF 56
16" Ag,CO; D-CSA 1,4-dioxane 73

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

“ Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), Pd(OAc), (10 mol%),
K,S,05 (0.4 mmol), silver salt (0.4 mmol), additive (0.1 mmol), 80 °C, 10 h.
® Isolated yields based on 1a. ¢ Pd(OAc), (5 mol%). ¢ Additive (0.05 mmol).
¢ Additive (0.025 mmol). 72 (0.2 mmol). ¥ Ag,CO; (0.2 mmol). " 1a (0.5
mmol), 2 (1.0 mmol), Pd(OAc), (10 mol%), K»S,0s (1.0 mmol), Ag,CO; (1.0
mmol), D-CSA (0.125 mmol), 80 C.
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Table 2 The scope of 2-aryloxypyridines 1
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| W + /\O)J}(OK . | W
& N__— Ag,CO3 (2.0 equiv.) Ve _
Ri 1 5 0 D-CSA (0.25equiv.) Rt 3
1,4-dioxane, 80 °C
COOEt COOEt COOEt COOEt COOEt
S S S NS S
N N N
N~ ~o = Ph N~ = =
3a, 10 h, 73% 3b, 10 h, 50% 3c, 14 h, 68% 3d, 10 h, 73% 3e, 10 h, 68%
COOEt
0~ COOEt COOEt COOEt COOEt
| 0 A 0 X 0 A 0 N
cl NZ N N N |
Br Z Et0OC & Z  H N~
3f, 12 h, 75% o)
e 3g, 14 h, 64% 9 i, 18 h, 679 .
g o 3h, 18 h, 58% 3i, 18 h, 67% 3. 12 h, 64%
COOEt COOEt COOEt COOE
COOEt
O O O o o
| | | B N
N~ N~ N~ I |
N~ o N~
- “ COOE !
3k, 10 h, 77% 31,10 h, 81% t
b o 3m, 10 h, 77% 3n. 18 h, 61% 30, 16 h, 69%
/
coo% COOEt cooa COOE COOEt
| X 0 X
ok “ sspepepes
cl

3p, 16 h, 81% 3q, 16 h, 71% 3r, 10 h, 76% 3s. 10 h, 82% 3t, 12 h, 58% 3u, 10 h, 70%

Reaction conditions: 1 (0.5 mmol), 2 (1.0 mmol), Pd(OAc), (10 mol%), K»S,0s (1.0 mmol), Ag,CO5 (1.0 mmol), D-CSA (0.125 mmol), 1,4-dioxane (2.5 mL),
80 °C. Isolated yields based on 1.
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Figure 2 Synthetic transformations of product 3m
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Figure 3 H/D exchange and TEMPO trapping experiments
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