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C-3 alkenylation/alkylation of indoles depends on the position 

of substituent on indole used in the reaction. C-2 substituted 

indole result in the formation of C-3 alkenylated indole 

derivatives, whereas plain indole give rise to 

bis(indolyl)carbonyl derivative instead of C-3 alkenylation 10 

product under the same set of reaction conditions. Deep 

eutectic mixtures are cost-effective, and bio-degradable. 

Introduction 
 

Indole is an important heterocyclic skeleton which represents a 15 

broad spectrum of pharmaceutical [1] and biological activities 

[2]. In the past decades, the modified indole structures have 

raised great interest in researchers. Amongst the substituted 

indoles, C-3 substituted indoles are of special interest as an 

important building block for the synthesis of therapeutic agents. 20 

They display physiological properties such as anticancer, 

antimigraine, antidepressant, anti-inflammatory, antiestrogen, and 

antagonist activity [3]. Consequently, there is progressing interest 

in the development of superior methods for the synthesis of C-3 

substituted indoles [4]. One such strategy is the transition metal 25 

mediated intermolecular C-C bond formation between indole and 

α, β-unsaturated carbonyl compounds [5-10]. Organometallic 

couplings require one or both prefunctionalized entities such as 

halides or any other disposable functionality [11-12].  

 Recently, Alakananda Hajra et al reported the reaction of plain 30 

indole with acetylacetone in task-specific ionic liquid to give C-3 

alkenylated product [12]. However, in our case, reaction of plain 

indole with acetylacetone and methylacetoacetate gave 

bis(indolyl)carbonyl derivative instead of C-3 alkenylation 

product. For the synthesis of C-3 substituted indoles various 35 

methods have been reported. Typically, it involves two types of 

reactions alkylation and alkenylation. Alkylation reactions are 

carried out using FeCl3 [13] for coupling of alcohol with indole, 

SmI3 [14] and organocatalyst (pyrrolidine + HClO4) for coupling 
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of �,β unsaturated carbonyls with indoles [4]. Alkenylation 

reactions are carried out using transition metal catalysts such as 

gold (III) [15], and FeCl3 [16]. They are also reported using ionic 

liquids [12, 17], I2 [18], montmorillonite K-10 [19] and various 50 

palladium catalysts [20-23]. Although these methods showed 

improved yields, they still hold some limitations like use of 

strongly acidic conditions, moisture-sensitive catalysts, expensive 

reagents, use of volatile organic solvents, and difficulty in 

recovery of reaction media or higher reaction temperatures which 55 

is not suited for practical use and incompatible with green 

chemistry. Even though these reactions are reported in ionic 

liquids like 1-butane sulfonic acid-3-methylimidazolium triflate 

[BSMIM]OTf [12] and N,N,N,N tetramethylguanidinium triflate 

(TMGTf) [17], they suffer many drawbacks over deep eutectic 60 

solvents (DES). Ionic liquids especially based on imidazole with 

fluorinated anions suffer from the demerits of being non-

biodegradable, toxic, and commercially expensive.  

 Therefore, new methods need to be developed to couple 

indoles with carbonyl compounds directly, without activation of 65 

any coupling partner. To achieve this, we have explored the 

catalytic activity of DES in the conjugate addition of indoles to 

1,3-dicarbonyl compounds. DES are simple ionic mixtures 

derived by combining quaternary ammonium salts, like choline 

chloride (ChCl) and hydrogen bond donors like urea, organic 70 

acids, amino acids and glycerol, or with Lewis acids like zinc 

chloride [24]. The hydrogen bonding interaction between 

hydrogen bond donor and halide ion leads to a depression in 

freezing point [25]. Thus, the formation of eutectic is more 

energetically favoured relative to the lattice energies of the pure 75 

constituents. The DES derived from choline chloride and oxalic 

acid is bio-degradable, non-toxic, insensitive towards moisture, 

recyclable and cost-effective. 

 In the past few years, our research group has explored 

applicability of DES based on choline chloride in several 80 

significant organic transformations [26-31]. We now extend their 

catalytic use in C-C bond formation reaction wherein acidic DES, 

prepared from ChCl and oxalic acid was used in the conjugate 

addition of indoles to α,β-unsaturated compounds (Scheme 1). 

However, there is no report related to the catalytic use of this 85 

mixture in C-C bond formation reaction in organic synthesis. 

DES can be easily prepared from inexpensive starting materials 

and recycled. The advantages of present methods are metal free 

synthesis avoiding toxic  reagents and  solvents  with  simple 
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Scheme 1 C-3 alkenylation/alkylation of indoles using ChCl: oxalic acid DES  

 5 

operation, fast reaction, excellent yields and reusability of the 

catalyst. 

 In the first attempt we carried out the reaction of 2-

methylindole (1a) with acetyl acetone (2a) in the presence of 

different DES which were prepared using literature procedure 10 

[24]. The result is shown in Table 1. Notably, the reaction could 

not proceed at all in the absence of the catalyst (Table 1, entry 1). 

Initially, we tried the reaction in individual components such as 

oxalic acid and ChCl instead of using DES. In oxalic acid, a trace 

of product formation was observed whereas in ChCl no reaction 15 

after prolonged reaction time (Table 1, entries 2, 3). Thus, it was 

clear that neither ChCl nor oxalic acid promotes the reaction 

alone. The reaction gave excellent result when a deep eutectic 

mixture of ChCl and oxalic acid was employed. The reaction 

yields 89% of 3a at room temperature (32 ±2 ºC) in 2.5 h (Table 20 

1, entry 4). While with the use of other DES, such as ChCl + 

succinic acid / tartaric acid / citric acid moderate to good yields of 

product was obtained in 12 h (Table 1, entries 5-8). No reactions 

were observed in ChCl-urea DES after prolonged reaction time 

(Table 1, entry 9).   25 

 

Table 1: Optimization of different catalysts in C-3 alkenylation 

of 2-methylindole 

 

Entry Catalyst Time (h) aYield of 3a (%) 

1 Without catalyst 24 No reaction 

2 Choline chloride 24 No reaction 

3 Oxalic acid 24 Traces 

4 ChCl : Oxalic acid  2.5 89 

5 ChCl : Malonic acid 12 52 

6 ChCl : Succinic acid 12 55 

7 ChCl : Tartaric acid 12 70 

8 ChCl : Citric acid 12 75 

9 ChCl : Urea 12 No reaction 

Reaction conditions: 2-methyl indole (1 mmol), acetyl acetone (1 mmol), 30 

DES (3 mL), rt (32 ±2 ºC), aIsolated yields. 

 

In mole ratio study of reactants, 1:1 mole ratio of both the 

reactant was significant and gave good yield of product. In order 

to screen the effect of solvent, the model reaction was undertaken 35 

at rt (32 ±2 ºC) using 0.5 mL of DES in different solvents. It was 

observed that DES in dichloromethane (DCM) gave 61% yield of 

3a (Table 2, entry 1) and for other solvents reaction required 

maximum time for completion (Table 2, entries 2-7).  

 40 

Table 2: C-3 alkenylation of 2-methylindole (1a) with 

acetylacetone (2a) in different solvents.  

 

Entry Solvent Time (h) aYield of 3a (%) 

1 Dichloromethane 12 61 

2 Tetrahydrofuran 24 31 

3 1,2-dichloroethane 24 37 

4 Dioxan 24 39 

5 Methanol 24 43 

6 Ethanol 24 53 

7 Acetonitrile 24 41 

Reaction conditions: 2-methylindole (1 mmol), acetyl acetone (1 mmol), 

solvent (3 mL), DES (0.5 mL), rt (32 ±2 ºC), aIsolated yields. 45 

 

Table 3: Concentration study of DES in dichloromethane for C-3 

alkenylation of 2-methylindole (1a) with acetylacetone (2a) 

Entry 
DES 

(mL) 

DCM 

(mL) 

DES in 

DCM (%) 

Time 

(h) 

aYield of 

3a (%) 

1 4.0 0 - 2.5 89 

2 3.0 0 - 2.5 88 

3 2.5 0.5 83.3 2.5 61 

4 2.0 1.0 65.0 2.5 61 

5 1.5 1.5 50.0 2.5 53 

6 1.0 2.0 33.3 2.5 40 

7 0.5 2.5 16.6 2.5 32 

8 0.1 2.9 3.3 2.5 11 

Reaction conditions: 2-methylindole (1 mmol), acetyl acetone (1 mmol), 

rt (32 ±2 ºC), aIsolated yields. 50 
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To optimize amount of catalyst, we carried out the reaction in the 

presence of 0.1, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0 mL of ChCl-oxalic acid 

DES in dichloromethane. For 1 mmol of 1a, 3 mL of DES was 

sufficient and gave 88% yield of 3a (Table 3, entry 2). No further 

improvements in the yield of 3a were observed using 4 mL of 5 

DES (Table 3, entry 1). It observed that as concentration of DES 

decreases in dichloromethane the yield of 3a was also extensively 

decreases (Table 3, entries 3-8). Hence further all the reactions 

were carried out in DES only (without dichloromethane).  

 With the optimal conditions in hand, we extended our studies 10 

to the reaction of indole with a variety of 1,3-dicarbonyl 

compounds to evaluate the scope of this methodology and the 

results were presented in Table 4. Reaction of 1a with different 

1,3-dicarbonyl compounds afford a variety of C-3 alkenylated 

indole derivatives 3a-l in excellent yields with complete E-15 

selectivity. The 1,3-dicarbonyl compounds involves 1,3-diketone, 

1,3-ketoesters, and 1,3-ketoamide. 1,3-diketone (Table 4, entries 

1-4) and 1,3-ketoesters (Table 4, entries 5-7) react very rapidly to 

give better to moderate yield of products. 1,3-Ketoamide reacts 

very sluggishly and gave lower yield of product (Table 4, entries 20 

8,9). The reactions of N-substituted-2-methylindole also proceed 

smoothly and give good yield of products (Table 4, entries 10-

12). The reaction of  2-unsubstituted indole such as 1d, with 2a 

and 2e, results into bis(indolyl)carbonyl compounds 3m-n (Table 

4, entries 13,14) rather than the desired C-3 alkenylated product. 25 

 

Table 4: C-3 alkenylation/alkylation of indoles with different with 1,3-dicarbonyl compounds in  ChCl : oxalic acid DES 

 

Entry Indole 1,3-Dicarbonyl compound Product Time (h) Yield (%) 

1  

 1a 

O O

 

2a 
N
H

O

        3a 

2.5 88 

2  

1a 

O O

 

2b N
H

O

3b 

3 84 

3  

1a 

O O

 

2c N
H

O

       3c 

2.5 83 

4  

1a 

O O

 

2d N
H

O

      3d 

2.5 85 

5  

1a 

O

O

O

 

2e N
H

O
O

    3e 

2.5 74 

6  

1a 

O

O

O

 

2f N
H

O
O

3f 

2.5 76 

7  

1a 

O

O

O

 

2g N
H

O
O

3g 

2.5 77 

Page 3 of 14 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

8 N
H  

1a 

O

N
H

O

 
2h N

H

H
N

O

3h 

4 73 

9 N
H  

1a 

O

N
H

O

Cl  
2i N

H

H
N

O Cl

3i 

4.5 71 

10 
N

 

1b 

O O

 

2a N

O

       3j 

3 75 

11 
N

 

1b 

O

O

O

 

2e N

O
O

       3k 

3 70 

12 
N

      

1c 

O O

 

2a N

O

          3l 

3.5 76 

13 N
H  

1d 

O O

 

2a 
   

N
H

N
H

CH3

O

  3m 

3 61 

14 N
H      

1d 

O

O

O

 

2e 
N
H

N
H

CH3

O
OMe

    3n 

3.5 63 

 

Reaction conditions: Indole (1 mmol), 1,3-dicarbonyl compound (1 mmol), DES (3 mL), room temperature (32 ±2 ºC), aIsolated yields. 

 

 

 5 

The recyclability of catalyst is an important factor affecting the 

economics of practical applications of DES. The model reaction 

of 2-methylindole (1a) and acetylacetone (2a) was selected to 

investigate this issue under the optimal conditions. After 

completion of the reaction, the reaction mass was simply filtered 10 

through a filter paper to obtain crude solid product and washed 

with water. Since DES is water soluble, it could be recovered by 

removing water under vacuum from the filtrate. The recovered 

DES was reused for the next run. As demonstrated in Figure 1, 

the DES could be recycled and reused up to four times with only 15 

a slight decrease in catalytic activity. 

 

 

 

 20 

Figure 1 Studies in recycling of deep eutectic mixture (ChCl: Oxalic 

acid) in reaction of 2-methylindole (1a) with acetylacetone (2a) 
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Figure 2 Plausible reaction mechanism in synthesis of C-3 alkenylated/alkylated indoles using DES as catalyst 

 

Mechanism 5 

 

In mechanism for C-3 alkenylated indoles, oxalic acid forms 

hydrogen bonding with ChCl. Similarly, it also forms hydrogen 

bond with oxygen atom of electron deficient carbonyl of 1,3-

dicarbonyl compounds and increases its electrophilicity, thereby 10 

facilitating the attack of indole (Fig. 2). Finally, the hydroxyl 

group gets hydrogen bonded with DES and hence it facilitates a 

loss of water molecule to form C-3 alkenylated indole. In other 

case adduct IV is prone to be attacked by a plain indole at C-3 

carbon atom of alkyl chain to form C-3 alkylated product.  15 

 

Experimental 
 

2-methyl indole was purchased from Aldrich Chemical Co. All 

the melting points reported are in degree centigrade and are 20 

uncorrected. All the IR spectra were recorded on Perkin-Elmer 

spectrum-100 FTIR spectrophotometer. 1H NMR spectra were 

recorded on Varian Mercury plus 300 (300 MHz) spectrometer in 

CDCl3/ DMSO-d6 with TMS as an internal standard, and the 

chemical shifts are expressed in δ unit (ppm). Mass spectra were 25 

recorded on Finnigan LCQ Advantage Max spectrometer.  

 

 

 

Preparation of DES 30 

 

The DES was prepared by combining ChCl with oxalic acid 

according to the procedure reported in the literature [32].  

 

General procedure for direct C-3 alkenylation/alkylation of 35 

indoles with 1,3-dicarbonyl compounds in DES 

 

Indole (1 mmol) was dissolved in 3 mL DES. 1,3-dicarbonyl 

compound (1 mmol) was added to the mixture at room 

temperature and stirred for appropriate time as shown in table 4. 40 

After completion of reaction, cold water was added to the 

reaction mixture. The precipitated solid was filtered off, and 

purified by column chromatography using hexane: ethyl acetate.  

 

(E)-4-(2-Methyl-1H-indol-3-yl)pent-3-en-2-one (3a) 45 

Brown solid, mp 120-122 oC; IR ʋ = 3223, 2919, 2858, 1652, 

1552,1531,1424,1207,741 cm-1; 1H NMR (CDCl3, 400 MHz) δ =  

2.29 (s, 3H, CH3), 2.53 (s, 3H, COCH3), 2.65 (d, 3H, CH3, J = 0.4 

Hz), 6.38 (s, 1H, C3-H), 7.13-7.17 (m, 2H, C5'-H & C6'-H), 7.30 

(d, 1H, C7'-H, J = 8 Hz), 7.66 (d, 1H, C4'-H, J = 8 Hz), 8.14 (bs, 50 

1H, NH); ESI-MS: m/z calculated for C14H15NO 213.28, found 

[M+H]+ 214.2 
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Conclusions 

In conclusion, we developed direct C-3 alkenylation/alkylation of 

indoles with different 1,3-dicarbonyl compounds using bio-

degradable acidic deep eutectic catalyst. DES plays dual role of 

solvent and catalyst. The highlights of the catalyst include its bio-5 

degradability, non-toxic nature, ease in preparation and 

requirement of inexpensive starting materials. The catalyst was 

also easily recyclable up  to  four  times  with  only  a  slight  

decrease  in  catalytic  activity. This protocol provides a practical 

and green alternative for C-3 alkenylation/alkylation of indoles. 10 
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Scheme 1 C-3 alkenylation/alkylation of indoles using ChCl: oxalic acid DES 

 

 

 

Figure 1 Studies in recycling of deep eutectic mixture (ChCl: Oxalic acid) in reaction of 2-

methylindole (1a) with acetylacetone (2a). 
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Figure 2 Plausible reaction mechanism in synthesis of C-3 alkenylated/alkylated indoles using 

DES as catalyst 
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Table 1: Optimization of different catalysts in C-3 alkenylation of 2-methylindole 

 

Entry Catalyst Time (h) 
a
Yield of 3a (%) 

1 Without catalyst 24 No reaction 

2 Choline chloride 24 No reaction 

3 Oxalic acid 24 Traces 

4 ChCl : Oxalic acid  2.5 89 

5 ChCl : Malonic acid 12 52 

6 ChCl : Succinic acid 12 55 

7 ChCl : Tartaric acid 12 70 

8 ChCl : Citric acid 12 75 

9 ChCl : Urea 12 No reaction 

 
 Reaction conditions: 2-methyl indole (1 mmol), acetyl acetone (1 mmol), DES (3 mL), rt 
         (32 ±2 ºC), 

a
Isolated yields. 
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Table 2: C-3 alkenylation of 2-methylindole (1a) with acetylacetone (2a) in different solvents.  

 

Entry Solvent Time (h) 
a
Yield of 3a (%) 

1 Dichloromethane 12 61 

2 Tetrahydrofuran 24 31 

3 1,2-dichloroethane 24 37 

4 Dioxan 24 39 

5 Methanol 24 43 

6 Ethanol 24 53 

7 Acetonitrile 24 41 

 

Reaction conditions: 2-methylindole (1 mmol), acetyl acetone (1mmol), solvent (3 mL), 

DES (0.5 mL), rt (32 ±2 ºC), 
a
Isolated yields. 
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Table 3: Concentration study of DES in dichloromethane for C-3 alkenylation of 2-methylindole 

(1a) with acetylacetone (2a) 

 

Entry 
DES 

(mL) 

DCM 

(mL) 

DES in 

DCM 

(%) 

Time 

(h) 

a
Yield of 

3a (%) 

1 4.0 0 - 2.5 89 

2 3.0 0 - 2.5 88 

3 2.5 0.5 83.3 2.5 61 

4 2.0 1.0 65.0 2.5 61 

5 1.5 1.5 50.0 2.5 53 

6 1.0 2.0 33.3 2.5 40 

7 0.5 2.5 16.6 2.5 32 

8 0.1 2.9 3.3 2.5 11 

 
Reaction conditions: 2-methylindole (1 mmol), acetyl acetone (1 mmol), rt (32 ±2 ºC), 

a
Isolated 

yields. 
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Table 4: C-3 alkenylation/alkylation of indoles with different with 1,3 dicarbonyl compounds 

in  ChCl : oxalic acid DES 
 

Entry Indole 
1,3-Dicarbonyl 

compound 
Product Time (h) 

Yield 

(%) 

1  

 1a 

O O

 

2a N
H

O

        3a 

2.5 88 

2  

1a 

O O

 

2b N
H

O

3b 

3 84 

3  

1a 

O O

 

2c N
H

O

       3c 

2.5 83 

4  

1a 

O O

 

2d N
H

O

      3d 

2.5 85 

5  

1a 

O

O

O

 

2e N
H

O
O

    3e 

2.5 74 

6  

1a 

O

O

O

 

2f N
H

O
O

3f 

2.5 76 

7  

1a 

O

O

O

 

2g N
H

O
O

3g 

2.5 77 

8  

1a 

O

N
H

O

 

2h N
H

H
N

O

3h 

4 73 

9  

1a 

O

N
H

O

Cl  

2i N
H

H
N

O Cl

3i 

4.5 71 
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10 
N

 

1b 

O O

 

2a N

O

       3j 

3 75 

11 
N

 

1b 

O

O

O

 

2e N

O
O

       3k 

3 70 

12 
N

      

1c 

O O

 

2a N

O

          3l 

3.5 76 

13 
N
H  

1d 

O O

 

2a 
   

N
H

N
H

CH3

O

  3m 

3 61 

14 
N
H      

1d 

O

O

O

 

2e N
H

N
H

CH3

O
OMe

    3n 

3.5 63 

 

Reaction conditions: Indole (1 mmol), 1,3 dicarbonyl compound (1 mmol), DES (3 mL), room 

temperature (32 ±2 ºC), 
a
Isolated yields. 
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Graphical Abstract 
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