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Decarboxylation of indole-3-carboxylic acids under
metal-free conditions

Xia Chen and Xiao-Yu Zhou

School of Chemistry and Materials Engineering, Liupanshui Normal University, Liupanshui, China

ABSTRACT
Two reaction systems have been developed for the decarboxylation
of indole-3-carboxylic acids. The decarboxylation can be achieved
smoothly under K2CO3-catalyzed or acetonitrile-promoted basic con-
ditions. It provided an efficient and simple method for the transform-
ation of indole-3-carboxylic acids and the corresponding indoles
were isolated with good to excellent yields. From the experimental
facts, we put forward the possible reaction mechanism.
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Decarboxylation is an available method in organic chemistry and bioscience[1] and
many efforts have been devoted to the decarboxylative functionalization of carboxylic
acids and carboxylates.[2] Enzyme or transition-metal catalyzed oxidative decarboxyl-
ation and decarboxylative functionalization are primary means. Among these transfor-
mations, the main areas were focused on the decarboxylation of amino acids,[3]

decarboxylative functionalization of aromatic[4] and aliphatic[5] carboxylic acids.
Especially, the development of decarboxylative functionalization had been promoted by
photocatalytic technique.[6] Many works also focused on the research of decarboxylative
mechanism and quantum chemistry calculation,[7] such as the mechanism of protonic
acid-catalyzed decarboxylative protonation of pyrrole-2-carboxylic acid,[8] p-chloranil
catalyzed decarboxylative alkoxylation[9] and decarboxylative arylation[10] of 2-picolinic
acid in the presence of tert-butyl hypochlorite (tBuOCl). The decarboxylative transform-
ation of hetero-aromatic carboxylic acids is also an important field for the synthesis of
hetero-cyclic compounds.
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Indole-3-carboxylic acids can be prepared[11] and used as starting materials in organic
synthesis. In the previous works, there were some findings on the decarboxylative func-
tionalization of indolyl carboxylic acids.[12] And, a few works had been focused on the
decarboxylation of indole-3-carboxylic acids (Scheme 1). In 2012, the mechanism for
the decarboxylation of indole-2-carboxylic acid and indole-3-carboxylic acid in acidic
conditions had been revealed by Kluger and his coworkers.[13] And, kinetic analysis
over a wide range of solution acidities showed the importance of protonated carbonic
acid as a reaction intermediate. On the other hand, the selective decarbonylative reduc-
tion of aryl and heteroaryl esters and amides were developed in Rueping’s group.[14]

The ester and amide groups from arenes and heteroarenes can be removed using
Ni(OAc)2�4H2O as a catalyst and commercially available hydrosilane as a reagent. Most
recently, Szostak et al.[15] reported a palladium-catalyzed reduction of carboxylic acids
to arenes in the presence of Et3SiH. It provided a practical method for the construction
of arenes and the DFT study was conducted to demonstrate the mechanism.
Through our study, decarboxylation of indole-3-carboxylic acid can be achieved

under inorganic base-catalyzed or acetonitrile-promoted conditions (Scheme 2). These
new findings are described herein.
Our study began by evaluating the decarboxylation of indole-3-carboxylic acid (1a) in

1,4-dioxane at 140 �C and trace amount 1H-indole (2a) was detected (Table 1, Entry 1).
After some experimentation, we found that inorganic base-catalyzed protocol consisting
of Na2CO3 (100mol%) in 1,4-dioxane afforded 2a in 24% isolated yield at 140 �C (Entry
2). Subsequently, the effects of base, solvent and temperature were screened. The results
indicated that K2CO3 (100mol%) had more positive effect on the decarboxylation of 1a
in 1,4-dioxane with 37% yield (Entry 3) and the yield increased to 98% in ethanol
(EtOH, Entry 4). The solubility of base in EtOH is higher than 1,4-dioxane, which may
be the predominant factor. In order to simplify the reaction system, the dosage of base
was tested (Entries 5–7), and it was confirmed that K2CO3 (20mol%) was essential to
afford the target product with >99% yield (Entry 5). Moreover, 1,4-dioxane, toluene,
water and n-hexanol as a solvent in the presence of K2CO3 (20mol%) led to lower
yields (42–76%, Entries 8–11). Surprisingly, >99% yields can be obtained with or with-
out K2CO3 in acetonitrile (CH3CN, Entries 12 and 13). Besides, CH3CN showed no
catalytic roles in the transformation due to almost no target product detected in the

Scheme 1. Decarboxylation of indolecarboxylic acids and its derivatives.

Scheme 2. Decarboxylation of indole carboxylic acids.
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presence of 200mol% CH3CN in EtOH (Entry 14). The strong solvent dependence of
acetonitrile was noticed that may be due to the solvation effect to help stabilize ionic
intermediates. Lastly, the temperature was tested in the above two reaction systems con-
sisting of K2CO3 (20mol%)/EtOH or CH3CN, respectively. And, the results showed that
140 �C was a better choice for all these two reaction conditions (Entries 15–20).
With these conditions in hand, we next turned our attention to evaluating the scope

of this reaction under optimal conditions. As evident from the results compiled in
Table 2, Entries 1–12, the decarboxylation can be applied to a wide number of indole-3-
carboxylic acids. Indoles 2a–2l were obtained in good to excellent yields (89%�>99%)
with indole-3-carboxylic acids possessing alkyl, chloro, bromo, alkoxy, cyano or nitro
substituents at either C2, C4, C5, C6 and/or C7 (1a–1l) as starting materials. However,
there was an unexpected fact that these two optimal conditions failed to conduct
decarboxylation of N-methyl-1H-indole-3-carboxylic acid 1m and N-benzyl-1H-indole-
3-carboxylic acid 1n (Entries 13 and 14). It is suggested that a procedure involving
N–H may have been undergone in the decarboxylation of indole-3-carboxylic acids. In
order to further expand the scope of the decarboxylation reaction, ethyl 1H-indole-3-
carboxylate 1o, indole-3-carboxylic acid 1p, indole-4-carboxylic acid 1q and 2-naphthoic
acid 1r were tested in these two optimal conditions (Entries 15–18), and the substrates
were recovered almost completely. Therefore, the optimal conditions are limited to be
applied to the decarboxylation of 3-carboxyl indoles.

Table 1. Conditions optimization.a

Entry Cat. (x) Solvent (T) T (oC) Yield (%)b

1 None 1,4-dioxane 140 Trace
2 Na2CO3 (100mol%) 1,4-dioxane 140 24
3 K2CO3 (100mol%) 1,4-dioxane 140 37
4 K2CO3 (100mol%) EtOH 140 98
5 K2CO3 (20mol%) EtOH 140 > 99
6 K2CO3 (10mol%) EtOH 140 87
7 None EtOH 140 Trace
8 K2CO3 (20mol%) 1,4-dioxane 140 60
9 K2CO3 (20mol%) Toluene 140 42
10 K2CO3 (20mol%) water 140 76
11 K2CO3 (20mol%) n-hexanol 140 53
12 K2CO3 (20mol%) CH3CN 140 >99
13 None CH3CN 140 >99
14 CH3CN (200mol%) EtOH 140 N/A
15 K2CO3 (20mol%) EtOH 120 79
16 K2CO3 (20mol%) EtOH 100 56
17 K2CO3 (20mol%) EtOH 90 45
18 None CH3CN 120 71
19 None CH3CN 100 49
20 None CH3CN 90 36
aUnless other stated, all reactions are carried out with 1a (81mg, 0.5mmol), catalyst and solvent (3.0mL) under air at
T oC.

bIsolated yields.
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Table 2. The screening on the scope of substrate.a

 
Entry Substrate 1 Product 2 Yield (%)b 

1 
1a 2a 

A: > 99%  
B: > 99% 

2 
 

1b 
 

2b 

A: 95% 
B: 89% 

3 
 

1c 
 

2c 

A: 91% 
B: 98% 

4 
 

1d 
 

2d 

A: > 99% 
B: 97% 

5 
 

1e 
 

2e 

A: 97% 
B: > 99% 

6 
 

1f 
 

2f 

A: > 99% 
B: > 99% 

7 
 

1g 
 

2g 

A: 96% 
B: > 99% 

8 
 

1h 
 

2h 

A: > 99% 
 B: 99% 

9  
1i 

 
2i 

A: > 99%  
B: 93% 

10  
1j 

 
2j 

A: 91% 
B: > 99% 

11  
1k 

 
2k 

A: > 99% 
B: > 99% 

12 
 

1l 
 

2l 

A: 96% 
B: 98% 

(continued)
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Based on the reaction results and the known mechanism of protonic acid-catalyzed
decarboxylation of pyrrole-2-carboxylic acid,[8] the possible mechanism for decarboxyl-
ation of indole-3-carboxylic acids is proposed in Scheme 3. The 1H-indole-3-carboxyl-
ate anion 3 is produced under the standard conditions from 1a. In the proposed path
A, the decarboxylation of 3 may occur directly to form a carbon anion 4 and be proto-
nated to produce the product 2a. In the proposed path B, the formation of intermediate
cyclic-imine 5 from the isomerization of 4 under the optimal conditions is favored.
Then, the decarboxylation process may occur to produce 6 and be protonated to pro-
duce the product 2a. In consistent with the decarboxylation of N-alkyl-1H-indole-3-car-
boxylic acids 1m and 1n, it is firmly held that the proposed path B is reasonable than
path A.

13 
 

1m 
 

2m 
NA 

14 
 

1n 
 

2n 
NA 

15 
 

1o 

2a NA 

16  
1p 

2a NA 

17 
 

1q 

2a NA 

18  
1r 

  
2r 

NA 

aReaction conditions A: 1 (0.50mmol), K2CO3 (13.8mg, 0.10mmol, 20mol%), EtOH (3.0mL), 140 �C, 24 h; Reaction condi-
tions B: 1 (0.50mmol), CH3CN (3.0mL), 140 �C, 24 h.

bIsolated yield.

Scheme 3. Proposed mechanism for decarboxylation of indole-3-carboxylic acid.
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In summary, K2CO3-catalyzed and acetonitrile-promoted decarboxylation of indole-3-
carboxylic acids are achieved, respectively, and the approaches allow for a wide range of 3-
carboxyl indoles with good to excellent yields. More applications of base-catalyzed decar-
boxylative functionalization of indole-2-carboxylic acids and indole-3-carboxylic acids are
under active investigation in our laboratory and will be disclosed in due course.

Experimental section

General methods

All commercially available reagents were used without further purification. Column
chromatography was performed on silica gel (200–300 mesh). The chemical shifts
(d) of the 1H NMR (600MHz) signals are reported in ppm relative to tetramethylsi-

lane (TMS) and by employing the residual solvent resonance as the internal standard.
Data are reported in the following order: chemical shift, multiplicity [s (singlet), d
(doublet), dd (doublet of doublets), t (triplet), q (quartet), and m (multiplet)], coupling-
constants (Hz), and integration. The chemical shifts
(d) of the 13CNMR (151MHz) signals are reported in ppm relative tetramethylsilane

(TMS) and by employing the solvent resonance as the internal standard.
Procedure A: A mixture of indole-3-carboxylic acid 1 (0.50mmol) and K2CO3

(13.8mg, 0.10mmol, 20mol%) in EtOH (3mL) was added into a Schlenk flask (25mL)
and stirred at 140 �C. The reaction was monitored using thin layer chromatography
until the disappearance of starting material 1. Then, the solvent was evaporated under
reduced pressure and the residue was purified using column chromatography (petrol-
eum ether/ethyl acetate 20:1 to 10:1).
Procedure B: A mixture of indole-3-carboxylic acid 1 (0.50mmol) in CH3CN (3mL)

was added into a Schlenk flask (25mL) and stirred at 140 �C. The reaction was moni-
tored by thin layer chromatography until the disappearance of starting material 1. Then
the solvent was evaporated under reduced pressure and the residue was purified by col-
umn chromatography (petroleum ether/ethyl acetate 20:1 to 10:1).

1 H-indole (2a)

Yield A: > 99%, 59.0mg; Yield B: > 99%, 59.0mg. White solid, mp 50–52 �C, Rf 0.51
(Hexane/EtOAc, 10:1). 1H NMR (600MHz, CDCl3) d 8.08 (s, 1H), 7.74 (d, J¼ 7.9Hz, 1H),
7.43 (dd, J¼ 8.1, 0.6Hz, 1H), 7.31–7.26 (m, 1H), 7.24–7.19 (m, 2H), 6.64 (t, J¼ 2.1Hz,
1H); 13C NMR (151MHz, CDCl3) d 135.8, 127.9, 124.2, 122.0, 120.8, 119.9, 111.1, 102.6.
Full experimental detail, 1H and 13C NMR spectra. This material can be found via

the “Supplementary Content” section of this article’s webpage.
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