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Nitrogen heterocycles are common structural fragments of 

countless pharmaceuticals and agrochemicals, indeed, 59% of US 

FDA approved small molecule drugs contain at least one nitrogen 

heterocycle.
1
 Especially indoles occupy a position in the top-ten 

most frequent nitrogen ring system present in drug molecules. 

Furthermore, indoles are one of the most significant scaffold 

present in large number of natural products
2
 and bioactive 

molecules.
3,4

 Consequently, much effort has been devoted to the 

synthesis of indole derivatives despite the available traditional 

methods including Fischer, Bischler, Bartoli, Reissert and 

Nenitzescu reactions.
5
  

2-Aroylindoles are particularly important owing to their 

specific pharmacological properties. For instance, these 

compounds act as tubulin polymerization inhibitors
6
 and 

autophosphorylation of platelet-derived growth factor (PDGF) 

receptor tyrosine kinase inhibitors.
7
 Besides, 2-aroylindoles are 

potential histone deacetylase (HDAC) class I/II inhibitors with 

broad cytotoxicity superior to that of the approved drug SAHA
8
 

and posses antimitotic activity in human cancer cells.
9
 Despite 

the biological significance of these class of compounds, only a 

limited number of straightforward procedures have been 

developed for their synthesis.
10

 

One of the simplest routes to access 2-aroylindoles includes 

the reaction between 2-aminobenzaldehydes and -bromoketones 

under basic conditions involving N-substitution-intramolecular 

aldol condensation steps (Scheme 1a). Nonetheless, 2-

aminobenzaldehyde is highly unstable; it undergoes 

polymerization rapidly under ambient conditions due to the 

intermolecular condensation between the reactive amino and 

aldehyde functionalities. Besides polymerization, 2-

aminobenzaldehyde is known to undergo trimerization in 

nucleophilic solvents or in the presence of moisture.
11

 Moreover, 

2-aminobenzaldehyde is rather expensive, for instance, one gram 

of unsubstituted 2-aminobenzaldehde costs 180 USD. Hence it is 

highly essential to find out a cheap and stable alternate for 2-

aminobenzaldehydes to access 3-unsubstituted-2-aroylindoles. 

Jones and Suárez reported the synthesis of 2-aroylindoles 2 

starting from amino acetal 1 and phenacyl bromide in moderate 

yield (Scheme 1b).
12

 Alternatively, the relatively stable N-

trifluoroacetyl or N-phenylsulfonyl-2-aminobenzaldehydes (3
13

 

and 4
14

) were used as 2-aminobenzaldehyde equivalents to obtain 

the products 2 and 5, respectively, in good to moderate yields 

(Scheme 1c). However, compound 3 was prepared from the 

corresponding 2-aminobenzaldehydes, again with the difficulties 

associated with handling of 2-aminobenzaldehydes, on the other 

hand, compound 4 was prepared from 2-aminobenzyl alcohol in 

two steps. Notwithstanding these protocols, it would be 

convenient if we could protect the aldehyde group instead of the 

amino functionality of 2-aminobenzaldehyde to obtain N-

unsubstituted indoles. With this background, we envisioned to 

utilize the readily available and stable N-(2-aminobenzylidene)-

4-methylanilines 6 as alternate to 2-aminobenzaldehydes to 

synthesize 3-unsubstituted-2-aroylindoles 8 (Scheme 1d). 

Importantly, compound 6 could be derived from the stable and 

economical 2-nitrobenzaldehydes (25 g = 51 USD) in two simple 

steps involving imine formation and sodium sulfide-mediated 

reduction.
15

 

Our initial optimization study began with the reaction of N-(2-

aminobenzylidene)-4-methylaniline 6a and p-chlorophenacyl 

bromide 7a. The reaction was carried out at 25 
o
C in a variety of  
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Scheme 1 Synthesis of 2-aroylindoles from 2-aminobenzaldehyde 

equivalents and -bromoketones. 

 

solvents including ethanol, DCM, DCE, dioxane, toluene, DMF, 

acetonitrile and water in the presence of two equivalents of 

potassium carbonate. Virtually, in all these solvents no product 

formation was observed and in few cases the intermediate N-

alkylation product was noticed in small quantities. Increase of 

the reaction temperature led to the product formation albeit in 

low yields in most of the tested solvents. Although the starting 

materials were completely consumed within four hours in 

ethanol, DCM, DCE and dioxane only 15-30% product was 

isolated (Table 1, entries 1 to 4). Toluene was completely 

ineffective and DMF furnished only 36% of isolated product 

(entries 5 and 6). Eventually, we found that acetonitrile was 

effective to afford 71% of indole 8a in three hours reaction time 

at 80 
o
C (entry 7). Neither increase of the amount of base nor the  

Table 1 Optimization of reaction conditions.a  

 

Entry Base 

(2 equiv) 

Solvent Temp. 

(
o
C)

b
 

Time 

(h) 

Yield 

(%)
c 

1 K2CO3  EtOH 80 4 15 

2 K2CO3 DCM 40 2.5 13 

3 K2CO3 DCE 45 2.5 24 (29)
e
 

4 K2CO3 Dioxane 100 3 30 

5 K2CO3 Toluene 100 15 trace 

6 K2CO3 DMF 100 3 36 

7
d
 K2CO3 MeCN 80 3 71 (70,

f
 

74
g
) 

8 K2CO3 Water 80 3 24 

9 Cs2CO3 MeCN 80 3 trace 

10 Et3N MeCN 80 2 18 

11 Pyrrolidine MeCN 80 3.5 15 

12 Piperidine MeCN 80 3.5 23 
a Unless otherwise noted, all reactions were carried out with 6a (1 mmol), 7a 

(1 mmol) and base (2 mmol) in 5 mL solvent. b No product formation was 
observed for reactions 1 to 8 at 25 oC. c Isolated yield. d Use of 3 equiv of base 

did not improve the yield. e Reaction was carried out at 80 oC. f 1.3 equiv of 

7a was used. g 1.5 equiv of 7a was used. 

-bromoketone improved the yield significantly. A green 

alternate, water, was also tested for the reaction and merely 24% 

of product was isolated (entry 8). When other bases including 

Cs2CO3, triethylamine, pyrrolidine and piperidine were tested in 

acetonitrile, the yields were decreased considerably, in fact, only 

traces of the product was observed in the presence of Cs2CO3 

(entries 9-12). Ultimately, we reserved the combination of 

acetonitrile and potassium carbonate at 80 
o
C for further studies.  

Having established the optimal reactions conditions, we then 

studied the scope and limitations of the methodology involving a 

couple of N-(2-aminobenzylidene)-4-methylanilines 6 and a large 

number of -bromoketones 7 to access 3-unsubstituted-2-

aroylindoles 8 and the results are summarized in Table 2.
16

 The 

reaction showed high functional group tolerance in both the 

reactants. -Bromoketones bearing electron-donating group (Me, 

entry 4), moderately electron-withdrawing groups (Cl, Br entries 

2, 3, 6 and 11) and strongly electron-withdrawing group (NO2, 

entries 5 and 10) afforded the corresponding 3-unsubstituted-2-

aroylindoles 8 in moderate to good yields. 2-Acetylnaphthalene 

derived -bromoketone (entries 7 and 12) and 2-furfuryl 

derivative (entry 8) were also effective to afford the 

corresponding 2-aroylindoles in good yields. Furthermore, 2,4-

dichlorophenacyl bromide was also reacted with compound 7 to 

yield 76% of the product (entry 6). To our delight, N-(2-

aminobenzylidene)-4-methylaniline also tolerated bromo- 

substituent with no significant change in the reactivity (entries 9-

12). 

The proposed mechanism for the formation of 2-aroylindoles is 

depicted in Scheme 2. A base mediated initial N-alkylation of 

imines 6 with -bromoketones 7 affords N-phenacylanilines 9.
17

 

Subsequently, intermediate 9 undergoes an intramolecular 

nucleophilic cyclization via its enolic form A to generate the 3-

aminoindoline species B. Final elimination of p-toluidine from 

intermediate B at elevated temperature furnishes the products 

8.
11b,12

 High temperature is essential for the intramolecular 

cyclization and the subsequent elimination steps. Among the 

tested solvents, acetonitrile was the best presumably due to its 

polar aprotic nature to facilitate the initial SN2 reaction and the 

subsequent intramolecular nucleophilic cyclization. Potassium 

carbonate, a weak base, promotes the initial N-alkylation in a 

controlled manner and facilitates the subsequent cyclization via 

enolization.        

 

Scheme 2 Plausible mechanism. 
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Table 2 Synthesis of 3-unsubstituted-2-aroylindole.a 

 

Entry Product 8 Yield (%)
b
 Entry Product 8 Yield (%)

b
 

1 

 

74 7 

 

67 

2 

 

71 8 

 

69 

3 

 

74 9 

 

65 

4 

 

70 10 

 

60 

5 

 

68 11 

 

57 

6 

 

76 12 

 

66 

a
 Reaction conditions: unless otherwise noted all reactions were carried out with 6 (1 mmol), 7 (1 mmol) and K2CO3 (2 mmol) in 5 mL acetonitrile at 

80 oC for 3 h. b Isolated yield 

 

In summary, we have developed a facile synthetic procedure 

for the synthesis of 3-unsubstituted-2-aroylindoles starting from 

readily available N-(2-aminobenzylidene)-4-methylanilines and 

-bromoketones under basic conditions. The base-mediated 

sequential N-alkylation-intramolecular nucleophilic cyclization-

elimination reactions afforded the products in moderate to good 

yields in a single operation. The reaction tolerated a variety of 

substituents on both the reactants. We believe that this method 

would be a good addition to the existing methods to access 3-

unsubstituted-2-aroylindoles. This protocol demonstrated that N-

(2-aminobenzylidene)-4-methylanilines derived from easily 

accessible 2-nitrobenzaldehydes, remain the stable and cheap 

alternate to 2-aminobenzaldehydes.  
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