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ABSTRACT

A simple and straightforward method for the preparation of indole-3-carboxylic acids was discovered through the direct carboxylation of indoles
with atmospheric pressure of carbon dioxide (CO2) under basic conditions. The key for the reaction was found to be the use of a large excess of
LiOtBu as a base to suppress the undesired decarboxylation side reaction.

The use of CO2 as a C1 building block is attractive
since it is an inexpensive, nontoxic, and nonflammable gas
that is readily available and is a potentially promising
renewable resource. Despite these advantages, the chemi-
cal transformationofCO2 is challengingas it represents the
most oxidized state of carbon, and the relatively lowenergy
molecule possesses high thermodynamic stability and low
reactivity.1 However, the carbon atom of CO2 is electron-
deficient andCO2has a strongaffinity towardnucleophiles
such as water, alkoxides, amines, organometallic nucleo-
philes, etc.
The direct carboxylation of the carbon�hydrogen

(C�H) bonds of arenes and heteroaromatics represents
an important and useful synthetic method to access car-
boxylic acids that may serve as precursors for the prepara-
tion of biologically active compounds.2 Themost common
strategy toward the chemical fixation of CO2 with C�H

bonds is through transition-metal catalysis,3 through
Lewis-acid-mediated Friedel�Crafts reactions,4 or by
base-mediated carboxylation of aromatic heterocycles.5

Recently, Hattori successfully employed dialkylaluminum
chloride as a Lewis acid mediator for the direct carboxyla-
tion of indoles and pyrroles with CO2.

4f However, the
narrow substrate scope, modest chemical yields, and rela-
tively high pressure of CO2 (3.0 MPa) required for the
Friedel�Crafts carboxylation limited the synthetic utility
of this reaction. In this communication, we report a novel
and general method for the synthesis of 3-carboxylated
indole derivatives derived from free (NH) indoles under an
atmospheric pressure of CO2.
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To develop a general method toward the carboxylation
of indole derivatives with CO2, we hypothesized that the
direct functionalization of the indolyl core at the C-3
position catalyzed by transition metals would provide the
means to access indole-3-carboxylates. Thus, we focused
our attention to the use of palladiumacetate, a well-known
catalyst for theC�Hbond functionalizationof indoles,6 as
a catalyst and examined a variety of bases under an atmo-
spheric pressure of CO2 (Table 1).

When we examined the palladium-catalyzed direct car-
boxylation of indole 1awith a weak base such asK2CO3 in
DMF at 100 �C under a balloon pressure of CO2, we were
able to obtain a trace amount of the desired carboxylated
product2a (entry 1).Encouragedby these initial results,we
examined several weak inorganic bases and found that
Cs2CO3 provided 70% of indole carboxylate 2a (entry 3).
We also examined stronger inorganic bases and found that
the use ofLiOtBuas a base lead to the formationof 2a in an
excellent yield (entry 7).
While our initial optimization studies yielded excellent

reaction conditions for the direct carboxylation of 1awith

CO2, we found that these results were not reliable and re-
producibility problemswere encountered (Table 2, entry 1).
Careful examination of the reaction conditions led to the

discovery of a competing decarboxylative side reaction.7,8

Gratifyingly, the decarboxylation of 2awas suppressed by
the addition of 5 equiv of the base, and total conversion
of 1a to the desired carboxylate 2a was achieved (entry 3).
Interestingly, we found that the carboxylation process
also occurred in the absence of the palladium catalyst
(entry 4).9,10 Additional optimization to lower the reaction
temperature or to change the solvent system resulted in
lower yields of carboxylic acid 2a.
With the optimized conditions in hand, we turned our

attention to the scope of the LiOtBu-mediated carboxyla-
tion of free (NH) substituted indoles 1a�m (Table 3).
With indoles 1a�f substituted at the 5-position, both

electron-rich and -poor substituents were tolerated, and
excellent yields of the desired carboxylic acids 2a�f were
obtained (entries 1�6). When 4-substituted indoles 1g�h

were utilized, the carboxylation reaction proceeded slug-
gishly (entries 7�8). However, when these 4-substituted
etherswere replacedwith a hydroxyl group, theCO2 fixation
occurred readily to furnish the indole-3-carboyxlate 2i in a
good yield (entry 9). Indoles with substitution on the 7-posi-
tion were also examined, andmodest to excellent yields were
obtained (entries 10�11). Finally, we examined 2-substitued
indoles and found that while themethyl substituted indole 1l
was an excellent substrate for the direct carboxylation

Table 1. Screening of Bases for the Direct Carboxylation of
Indole 1a with CO2

a

entry base yield (%)b

1 K2CO3 <5

2 K3PO4 NR

3 Cs2CO3 70

4 KOH NR

5 KOtBu 19

6 NaOtBu NR

7 LiOtBu 91

8 DBU <5

aReaction conditions: indole 1a (0.4 mmol), base (3 equiv), and
Pd(OAc)2 (10mol%) inDMF (2mL) at 100 �Cunder a balloon pressure
of CO2.

bYield based on 1a and determined by 1H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.

Table 2. Optimization of the Reaction Conditions for theDirect
Carboxylation of Indole 1a with CO2

a

entry

Pd(OAc)2
(mol %)

LiOtBu

(equiv)

yield

(%)b

1 10 3 60

2 10 4 60

3 10 5 >95

4 0 5 >95

aReaction conditions: indole 1a (0.4 mmol), LiOtBu (y equiv), and
Pd(OAc)2 (x mol%) in DMF (2 mL) at 100 �C under a balloon pressure
of CO2.

bYield based on 1a and determined by 1H NMR analysis using
1,1,2,2-tetrachloroethane as an internal standard.
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reaction, the phenyl counterpart provided the expected
carboxylate 2m in a disappointing amount (entries 12�13).
Although the precise mechanism for the LiOtBu-

mediated carboxylation of indole derivatives has not been
elucidated, a tentative mechanism is proposed (Scheme 1).
The initial deprotonation of 1a by the lithium base

most likely occurred on the most acidic N�H proton to
generate lithiated anion 3, and this was subsequently
trapped by CO2 to form N-centered carboxylate 5. Such
an intermediate is plausible given that the in situ forma-
tion of 5 through the deprotonation of 1a with nBuLi
and bubbled CO2 at low temperature (�70 �C) has been
reported.10,11 Although nucleophilic addition of lithiated
indoles should favor the N-1 substitution, the reversibility

of the carboxylation at elevated reaction temperatures
could be used to rationalize the formation of the C-3
carboxylate 6.12 While the direct nucleophilic addition of
indole 1a to CO2 is possible, we found that the free NH
plays an important role and themorenucleophilic 1-methy-
lindole did not undergo the base-mediated carboxylation
reaction under our optimized reaction conditions.13

In conclusion, an efficient protocol for the direct car-
boxylation of indole derivatives under an atmospheric
pressure of CO2 was developed. The relatively large excess
and the careful choice of the base was key in achieving the
carboxylation of indoles in excellent yields. Further studies

Table 3. Substrate Scope of the LiOtBu-Mediated Direct Carboxylation of Indoles 1a�ka

aReaction conditions: indole 1 (0.4 mmol) and LiOtBu (5 equiv), in DMF (2 mL) at 100 �C under a balloon pressure of CO2.
bYield based on 1 and

deteremined by weight of the isolated products 2. cYield based on 1b or 1j and determined by 1H NMR analysis using 1,1,2,2-tetrachloroethane as an
internal standard. The isolated yield was determined after derivatization of 2b or 2j to the methyl ester and are given in parentheses.

(11) Under our optimized reaction conditions at room temperature,
we obtained the N-carboxylated product after derivatization to the
methyl ester. The experimental details can be found in the Supporting
Information.
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concerning the mechanism, role of base, and the effect of
metal catalysts are currently under investigation.
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