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ABSTRACT

cat. Ag,CO4/AcOH
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N” Co,H

DMSO, 120 °C

18 examples, yields: 85-100%

A simple and highly efficient protodecarboxylation procedure for a variety of heteroaromatic carboxylic acids catalyzed by Ag,CO; and AcOH
in DMSO is described. This methodology can also perform the selective monoprotodecarboxylation of several aromatic dicarboxylic acids.

Decarboxylation reactions are important transformations in
synthetic organic chemistry,* especially for the removal of
carboxylate groups that were required as directing groups
in other transformations® but are not part of the target
molecules.® Consequently, considerable effort has been
directed to the study of the protodecarboxylation of aromatic
carboxylic acids,* which usually require the use of transition
metals such as Cu,® Hg,® and Pd.” Among the various
methods, the use of Cu/quinoline systems is most widely

T Dedicated to the memory of Professor Keith Fagnou.

(1) Joule, J. A.; Mills, K. Heterocyclic Chemistry, 4th ed.; Blackwell
Science: Malden, MA, 2000.

(2) For recent examples, see: (a) Chiong, H. A.; Pham, Q.-N.; Daugulis,
O. J. Am. Chem. Soc. 2007, 129, 9879. (b) Sonoda, M.; Kakiuchi, F.;
Kamatani, A.; Chatani, N.; Murai, S. Chem. Lett. 1996, 25, 109.

(3) O'Brien, E. M.; Morgan, B. J.; Kozlowski, M. Angew. Chem.,, Int.
Ed. 2008, 47, 6877.

(4) For selected examples, see: (a) Chu, E. J-H.; Chu, T. C. J. Org.
Chem. 1954, 19, 266. (b) Brown, E. V.; Moser, R. J. J. Org. Chem. 1971,
36, 454. (c) Hirsch, J. A.; Sterner, D. E. J. Org. Chem. 1972, 37, 1678. (d)
Moser, R. J.; Brown, E. V. J. Org. Chem. 1972, 37, 3938. (€) Moser, R. J;
Brown, E. V. J. Org. Chem. 1972, 37, 3941. (f) An, J.; Bagnell, L.;
Cablewski, T.; Strauss, C. R.; Trainor, R. W. J. Org. Chem. 1997, 62, 2505.
(9) Sharma, A.; Kumar, R.; Sharma, N.; Kumar, V.; Sinha, A. K. Adv.
Synth. Catal. 2008, 350, 2910. (h) Mundle, S. O. C.; Kluger, R. J. Am.
Chem. Soc. 2009, 131, 11674.

(5) (8 Shepard, A. F.; Winsow, N. R.; Johnson, J. R. J. Am. Chem.
Soc. 1930, 52, 2083. (b) Nilsson, M. Acta Chem. Scand. 1966, 20, 423. (c)
Nilsson, M.; Ullenius, C. Acta Chem. Scand. 1968, 22, 1998. (d) Cairncross,
A.; Roland, J. R.; Henderson, R. M.; Sheppard, W. A. J. Am. Chem. Soc.
1970, 92, 3187. For some mechanistic studies, see: (e) Cohen, T.;
Schambach, R. A. J. Am. Chem. Soc. 1970, 92, 3189. (f) Cohen, T,;
Berninger, R. W.; Wood, J. T. J. Org. Chem. 1978, 43, 837.

10.1021/01902482p  © 2009 American Chemical Society
Published on Web 11/18/2009

adopted following the seminal work by Shepard et a. on
the protodecarboxylation of halofuroic acids promoted by
stoichiometric Cu(0).%*® Subsequently, the protodecarboxy-
lations of thenoic, furoic and indole-2-carboxylic acids were
reported following similar procedures.>® This methodol ogy
has recently been significantly improved by Goossen et al.
with the development of a catalytic Cu(l)/phenanthroline/
quinoline system.’® However, all of these methods suffer
from the same problems, namely, the requirement for
extremely high temperatures (170—200 °C), which limits
substrate compatibility, and the difficulties in isolating the
products from their high boiling point reaction solvents.
During the development of a Pd/Ag bimetalic system for
mild direct arylations™® and decarboxylative arylations of
indoles,** we observed that Ag salts were able to promote the
protodecarboxylation of aromatic carboxylic acids. Asaresult,
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we recently reported a method for the Ag-catalyzed protode-
carboxylation of ortho-substituted benzoic acids that affords
essentially quantitative yields at temperatures aslow as 120 °C
(i.e, 50—80 °C lower than the corresponding Cu-based meth-
ods).*? This transformation is believed to proceed via silver
arene |1, which is subsequently protonated (Scheme 1).

Scheme 1. Proposed Mechanism for the Ag-Catalyzed
Protodecarboxylation of Benzoic Acids

l co
AgX _) = HX
Ar-COH ————— Ar-CO,Ag Ar-Ag Ar-H

The nature of the ortho substituent is extremely important,
with only electron-withdrawing or alkoxy groups leading to
protodecarboxylation.™® With the view to extending this
protocol to heteroaromatic carboxylic acids, we hypothesized
that the ring heteroatom could play the same role as the ortho
substituent in our previous studies, activating a carboxylic
acid at the o position. Herein, we report a new Ag-promoted
protodecarboxylation protocol that affords excellent yields
when applied to a wide range of heteroaromatic carboxylic
acids. Further, we describe the extension of this protocol to
the selective monodecarboxylation of dicarboxylic acids.

We began our investigation with 3-methylbenzofuran-2-
carboxylic acid (1a). Reaction of la under the conditions
previously established in this laboratory? afforded proto-
decarboxylation product 2a in 85% yield together with 15%
unreacted 1a after 16 h (Table 1, entry 1). The yield of this

Table 1. Optimization of Protodecarboxylation of
3-Methylbenzofuran-2-carboxylic Acid (1a)®

CL/@*COQH @fg—f* + CO;
o DMSO, T o

1a 2a

AgX, additive

entry temp (°C) AgX (mol %) additive (mol %) yield (%)°

1 120 AgyCO3(10) 85
2 130 AgyCO; (10) 92
3 140 AgyCO;3 (10) 95
4 140 AgyCO; (10) TFA (5) 100
5 140 AgyCO; (10) AcOH (5) 100
6 140 AgOAc (20) 86
7 140 0
8 140 AcOH (5) 0
9 120 AgyCO; (10) AcOH (5) 100
10 110 AgyCO3(10) AcOH (5) 89
11 100 AgyCO; (10) AcOH (5) 40
12 110 Ag>CO; (10) AcOH (50) 96
13 100 AgyCO; (10) AcOH (50) 78

@ Reaction conditions: the reactions were carried out in a sealed vessel
using 1.0 equiv of 1a and the indicated amount of catalyst, in a 0.5 M
DM SO solution for 16 h. ® Yield of 2a was determined by *H NMR analysis
using an internal standard.

Org. Lett, Vol. 11, No. 24, 2009

reaction could be enhanced moderately by increasing the
reaction temperature (entries 2 and 3), though this was
deemed an unsatisfactory solution. Suspecting that the
inferior yields may be due to a less efficient protonation
of the silver arene intermediate | | by acid starting material
1a, we examined the effect of introducing additional acid
cocatalysts.”” Gratifyingly, the use of 5% TFA was
sufficient to afford quantitative conversion to product 2a
(entry 4). Further screening of milder acid additives
revealed that AcOH gave similar results (entry 5), and it
was chosen for later studies. Interestingly, replacing
Ag,CO;3 with AgOAc did not lead to any improvement in
reactivity (entry 6). No reaction was observed in the
absence of Ag,CO3 with or without AcOH (entries 7 and
8). The use of 5% AcOH and 10% Ag,CO;z; enabled
reduction of the reaction temperature to 120 °C maintain-
ing quantitative formation of 2a (entry 9). Subsequent
attempts showed that the temperature can be further
reduced to 110 °C, but 50 mol % AcOH is required to
obtain a comparable yield (entries 10—13).**

With the conditions optimized (10% Ag,CO3; and 5%
AcOH in 0.5 M DMSO at 120 °C), we explored the
generality of this protocol toward other heteroaromatic
carboxylic acids (Table 2). Initially, we explored a variety
of heteroarenes bearing the carboxylic acid group a to
the heteroatom. We were pleased to find that these
conditions were compatible with a range of heterocycles
such as benzofurans (1a), benzothiophenes (1b), quino-
lines (1c), isoquinolines (1d), pyridines (1€), furans (1f,g),
thiophenes (1h,i), and thiazoles (1j), affording the corre-
sponding decarboxylated heteroarenes 2 in excellent
yields.*® In keeping with our hypothesis that the hetero-
atom plays an activating role, the presence of a heteroatom
o to the carboxylate was found to be essential for the
decarboxylation to proceed, as exemplified by benzofuran
1k, which failed to react. On the other hand, carboxylic
acids with g or y heteroatoms, such as 1l and 1m, could
also be activated for protodecarboxylation by using an
ortho electron-withdrawing substituent, as reported in our
previous communication.? This methodology is opera-
tionally simple, affording excellent yields of analytically
pure product after an agqueous workup, without the need
for further purification. Furthermore, it can be easily
scaled; for example, 2g was obtained in 88% yield when
the reaction was carried out at a5 g scale.

On the basis of the remarkable activating effect of a
heteroatoms and ortho electron-withdrawing groups, we
hypothesized that our methodology may be applied to the
regioselective protodecarboxylation of aromatic com-
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Table 2. Protodecarboxylation of Heteroaromatic Carboxylic

Table 3. Selective Monoprotodecarboxylation of Aromatic
Dicarboxylic Acids 3a—f*

Acids la—m?*
. yield
entry acid product %)
| &COZH ©\/\€—H 88
o o
1a 2a
2 @\g*COzH ©f\g—H 100
S s
1b 2b
L L
3 N” ™CO,H N7 SH %
1c 2c
X X
4 =N ~N 92
1d CO,H 2d H
BN ®
o,d
3 cl” >N CogH ¢ N7 YH 97
1e 2e
I\ 7\
6 p—ToI/Q\COZH p-Tol/Q‘H Y]
1§ 2f
7\ 7\
7 OZN/Q\COZH OZN/QH 88
19 29
cl Cl cl Cl
Gl g~ ™CO,H CINg”H
1h 2h
Br Br
97 /N U\ 100
1 2i
HO,C H
s s
10¢ /N P /Z; P 100
1j 2
CO,H H
0 o)
1Kk 2k

91

(\IcozH
od
12 N

pd
I?;\/?
T

cl cl
1l
COH
X a X F

134 | » 100
N N
1m 2m

2 Unless otherwise noted, all reactions were carried out with 10 mol %
Ag,CO3 5 mol % AcOH, and 1.0 equiv of acid ina0.5 M DM SO solution
at 120 °C for 16 h. P Yields of isolated pure material. © The reaction was
carried out at 140 °C. @ This product was found to be volatile. The reaction
was carried out in a sealed vessel, and the yield was determined by 'H
NMR analysis using an internal standard. * No AcOH was used.

pounds bearing more than one carboxylic acid, which
would be of great value in the synthesis of natural
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yield
%)

|
N/ H 100

entry diacid product

cd >
1 N

CO,H
3a 4a
] - CO=H @COZH
2 N7 Co,H N”H 100
3b 4a
CO,H CO,H

RS SUR S G
o o
3c 1k
NO, NO,
©:COZH @EH
4 93
COLH COLH
3d 4d
HOZCQCOZH HOZCQH
5 92
3e NO2 4d NO

2
F F
oo
6 86
CO,H CO,H
3f af

2 Unless otherwise noted, al reactions were carried out with 10 mol %
Ag,CO3, 5 mol % AcOH, and 1.0 equiv of acidina0.5 M DM SO solution
at 120 °C for 16 h.  Yields of isolated pure material. © Yield was determined
by 'H NMR analysis using an internal standard.  The reaction was carried
out at 140 °C.

products.? Gratifyingly, when diacids 3a—f were subjected
to the above conditions (Table 3), complete regioselec-
tivity was obtained affording monoacids 4a—f in good to
excellent yields. In every case, only the carboxylic acid
o to a heteroatom (3a—c) or ortho to an appropriate
substituent (3d—f) was removed, leaving the other car-
boxylate intact. It is noteworthy that adjacent carboxylic
acid groups do not activate each other for protodecar-
boxylation (entries 2 and 3; 5 and 6). As a comparison, a
test reaction was carried out using the Cu,O/phenanthro-
line/quinoline protocol *°® on dicarboxylic acid 3d, which
afforded nitrobenzene as the only observed product in 47%
yield as determined by *H NMR.

In summary, we have developed a mild and operation-
ally simple procedure for the Ag-catalyzed protodecar-
boxylation of arange of heteroaromatic carboxylic acids,
which is believed to proceed via organosilver intermedi-
ates. Under these conditions, selective monoprotodecar-
boxylation of aromatic and heteroaromatic dicarboxylic
acids was also accomplished by exploiting the activating
effects of ortho substituents or a heteroatoms. Current
investigations are directed toward further decreasing the
temperature required in order to accommodate thermally
unstable substrates.
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