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The one-pot three-component method for the synthesis of 2-methyl-3-aminobenzofurans using calcium carbide as a concise solid al-
kyne source, and salicylaldehydes and secondary amines as starting materials is described. This protocol has salient feature of the use 
of inexpensive, abundant and easy-to-handle alkyne source, avoiding the use of inflammable and explosive acetylene gas as an original 
alkyne source. In addition, step economy, satisfactory yield, and simple work-up procedure are also advantages of this route. 
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Background and Originality Content 

Benzofuran nucleus is present in a huge number of bioactive 
natural and synthetic compounds. Benzofuran derivatives have at-
tracted attention due to their broad range of biological activities, 
where some of them possess unique anticancer,[1] antitubercular,[2] 
anti-Alzheimer[3] and anti-inflammatory[4] properties. Therefore 
they have potent applications in pharmaceuticals, agriculture, and 
polymers. Although the synthesis of benzofurans have been widely 
documented,[5] 2-methyl-3-aminobenzofurans are rarely reported. 
Only few literatures reported the synthesis of 2-substituted 3-ami-
nobenzofurans, which include i) copper-catalyzed annulative ami-
nation of o-alkynylphenols with hydroxylamines;[6] ii) three-compo-
nent coupling reactions of alkynylsilanes, o-hydroxybenzaldehydes, 
and secondary amines by Cu(I)/Cu(II) cooperative catalytic sys-
tems;[7] iii) treatment amides bearing an α-phenoxy moiety with tri-
flic anhydride and 2-fluoropyridine (Scheme 1).[8] However, some 
methods utilize commercially unavailable substrates as starting ma-
terials, which have to synthesize through many steps. Meanwhile 
unstable, expensive and difficult-to-handle alkyne sources have to 
be applied, which generally need to synthesize using inflammable 
and explosive acetylene gas as an original alkyne source. Therefore 
it is necessary to explore concise and convenient routes to synthe-
size these compounds by using cheap and abundant alkyne sources 
and easy-to-obtain starting materials. 
 

Scheme 1 Synthesis of 2-substituted 3-aminobenzofurans 

 

Calcium carbide as a cheap and abundant solid, which is easy to 
store and operate, is generally used to prepare acetylene gas in 
chemical industry. However, in recent years, calcium carbide was 
found that it could be directly used as an alkyne source to synthe-
size important organic compounds.[9] Our group also reported some 
reactions direct using calcium carbide as a concise alkyne source to 
construct multifunctional alkynes,[10] alkenes,[11] and cyclic com-
pounds.[12] Although calcium carbide shows attractive prospects for 
direct use in organic synthesis, it is far from being studied in depth 
and breadth. 

In this work, we report a one-pot three-component method for 
the synthesis of 2-methyl-3-aminobenzofurans direct using calcium 
carbide as a concise solid alkyne source, and salicylaldehydes and 
secondary amines as starting materials. 

 
 

Results and Discussion  

Initially, the three-component reaction of calcium carbide, sa-
licylaldehyde (1a) and piperidine (2a) was selected as a model reac-
tion to screen the reaction conditions. The reaction was examined 
with respect to mediators, bases, solvents, and temperature. It was 
found that silver(I) and copper(II) salts (1.0 equivalent based on 2a) 
as mediators exhibited quite low effect on the reaction (Table 1, en-
tries 1−5). Copper(I) salts (1.0 equivalent based on 2a), such as CuI, 
CuBr, CuCl, CuOTf and CuCN, as mediators had certain effect on the 
reaction (Table 1, entries 6−10). Among them, CuBr showed slightly 
higher yield for the formation of 2-methyl-3-(piperidin-1-yl)benzo-
furan (3a) (Table 1, entry 7). Owing to the poor solubility of calcium 
carbide in most organic solvents, the reaction in DCE and PhMe 
could not give product (Table 1, entries 11, 12). In contrast, the re-
action in DMSO, DMF and MeCN could produce a certain amount 
of 3a (Table 1, entries 7, 13, 14). DMSO was an applicable solvent 
(Table 1, entry 7). Bases played an important role in the reaction. 
Some organic bases, such as DMAP, DBU, pyridine and Et3N (Table 
1, entries 7, 15−17), and some inorganic bases, such as NaOH, 
Na2CO3, K2CO3, Cs2CO3, NaHCO3 and NaOAc (Table 1, entries 18−23) 
were tested for the reaction, and the results showed that Na2CO3 
could afford higher yield than others (Table 1, entry 19). In the later 
research it was found that the increase of the amount of CuBr from 
1.0 to 1.2 equivalents could improve the yield of 3a (Table 1, entries 
24). In addition, 100 oC was an appropriate temperature for the re-
action, the elevated and lowered temperature could not improve 
the yield of 3a (Table 1, entries 25, 26). 

Table 1. The effect of reaction conditions on the yield of 3aa 
 
 
 
 
 
 
Entry Mediator (eq) Base (1 eq) Solvent Yield (%)b 

1 AgCl (1) DMAP DMSO 0 

2 AgOAc (1) DMAP DMSO 34 

3 CuCl2 (1) DMAP DMSO 11 

4 CuBr2 (1) DMAP DMSO 12 

5 Cu(OAc)2 (1) DMAP DMSO Trace 

6 CuI (1) DMAP DMSO 38 

7 CuBr (1) DMAP DMSO 44 

8 CuCl (1) DMAP DMSO 40 

9 CuOTf (1) DMAP DMSO 41 

10 CuCN (1) DMAP DMSO 13 

11 CuBr (1) DMAP DCE 0 

12 CuBr (1) DMAP PhMe 0 

13 CuBr (1) DMAP DMF 33 

14 CuBr (1) DMAP MeCN 23 

15 CuBr (1) DBU DMSO Trace 

16 CuBr (1) Pyridine DMSO 31 

17 CuBr (1) Et3N DMSO 35 

18 CuBr (1) NaOH DMSO 41 

19 CuBr (1) Na2CO3 DMSO 53 

20 CuBr (1) K2CO3 DMSO 43 

21 CuBr (1) Cs2CO3 DMSO 46 
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22 CuBr (1) NaHCO3 DMSO 42 

23 CuBr (1) NaOAc DMSO 12 

24 CuBr (1.2) Na2CO3 DMSO 70 

25c CuBr (1.2) Na2CO3 DMSO 58 

26d CuBr (1.2) Na2CO3 DMSO 62 
a Reaction conditions: 1a (1.5 mmol), 2a (1.0 mmol), CaC2 (3.0 mmol), medi-
ator (appropriate amount), base (1.0 mmol) and H2O (6.0 mmol) in solvent 
(3 mL) at 100 oC for 10 h under N2 atmosphere. b The isolated yield. c 80 oC. 
d 120 oC 

Scheme 2. Synthesis of 2-methyl-3-aminobenzofuransa 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a Reaction conditions: 1 (1.5 mmol), 2 (1.0 mmol), CaC2 (3.0 mmol), CuBr (1.2 
mmol), Na2CO3 (1.0 mmol) and H2O (6.0 mmol) in DMSO (3 mL) at 100 oC for 10 h 
under N2 atmosphere. 

 
Based on the above findings, the scope of the one-pot three-

component reactions of calcium carbide, salicylaldehydes and sec-
ondary amines to synthesize a series of 2-methyl-3-aminobenzofu-
rans were examined by using CuBr as a mediator, Na2CO3 as a base, 
and water as a promoter in DMSO at 100 oC. It was found that the 
reactions of calcium carbide, salicylaldehyde (1a) with different sec-
ondary amines including cyclic amines, such as piperidine, morpho-
line, 1,2,3,4-tetrahydroisoquinoline and pyrrolidine, and acyclic 
amines, such as diethylamine and dibenzylamine, could give the 
corresponding products in good yield (Scheme 2, 3a−3e, 3g). How-
ever, diallylamine as a secondary amine only gave the product in 26% 
yield (Scheme 2, 3f). The reactions of calcium carbide, piperidine 
(2a) with different salicylaldehydes showed that salicylaldehydes 
substituted by electron-withdrawing groups (NO2, F, Cl, Br) afforded 
higher yield (Scheme 2, 3h−3k) possibly because electron-with-
drawing effect could cause the nucleophilicity increase of salicylal-
dehydes, and favor to subsequent reactions. In contrast, salicylal-
dehydes substituted by electron-donating groups (Me, MeO) af-
forded slightly lower yield (Scheme 2, 3m−3q). In addition, salicylal-
dehydes bearing meta- and para-substituents to OH gave the cor-
responding products in good yield (Scheme 2, 3h−3n). In contrast, 
salicylaldehydes bearing ortho-substituents to OH afford products 
in moderate yield because of the large steric hindrance (Scheme 2, 
3o−3q). In addition, the reactions of calcium carbide, various salic-
ylaldehydes with other secondary amines demonstrated that cyclic 
amines (Scheme 2, 3r, 3s, 3w−3y) could give much higher yield than 
acyclic amines (Scheme 2, 3t, 3v), except diethylamine (Scheme 2, 
3u). 

 
The synthesis of product 3a through the reaction of salicylal-

dehyde (1a), piperidine (2a) and calcium carbide was also carried 
out on a gram scale. The reaction of 1.46 g of 1a, 0.68 g of 2a with 
1.53 g of calcium carbide in 40 mL of DMSO under standard condi-
tions gave 1.15 g of 3a in 67% yield. The success of this gram scale 
reaction further demonstrated the effectiveness of optimized con-
ditions for the bulk process (Scheme 3). 
 
Scheme 3. Gram-scale Synthesis of 3aa 

 
 
 
 
 
 
 
a Reaction conditions: 1a (12 mmol), 2a (8 mmol), CaC2 (24 mmol), 
CuBr (9.6 mmol), Na2CO3 (8 mmol), H2O (48 mmol) in DMSO (24 mL) 
was heated at 100 oC for 10 h under N2 atmosphere. 
 

The obtained product could also be found applications in 
the organic synthesis. For example, product 3y could be easily 
reacted with phenol to synthesize 2-methyl-3-(morpholin-4-
yl)-5-phenoxybenzofuran (4) in good yield (Scheme 4).  

 
Scheme 4. Application of 3y 
 
 
 
 
 
 
aReaction conditions: 3y (1 mmol), phenol (1.2 mmol), CsOH (2.5 
mmol) in DMSO (1 mL) under air was heated at 150 oC for 12 h. 

 
A plausible mechanism for the synthesis of 3a was proposed 

(Scheme 5). Salicylaldehyde (1a) first reacts with piperidine (2a) 
through nucleophilic addition to give adduct A, which loses hydroxyl 
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to form B. B easily tautomerizes into quaternary ammonium hy-
droxide C.[13,14] Meanwhile calcium carbide is hydrolyzed to yield 
acetylene calcium hydroxide (D),[9f, 9g] which can be further trans-
formed into cuprous acetylide E in the presence of cuprous bromide. 
C is attacked by E to give intermediate F. F is further hydrolyzed to 
afford intermediate G.[15] The hydroxyl in G attacks intramolecular 
triple bond to produce intermediate H,[16, 17] followed by isomeriz-
ing into the more stable 3a as a final product. 

 
Scheme 5. Proposed Mechanism for the Synthesis of 3a 
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Conclusions 

In conclusion, a concise method for the synthesis of 2-methyl-
3-aminobenzofurans through one-pot three-component reactions 
of calcium carbide, salicylaldehydes and secondary amines has de-
veloped. The salient features of this protocol are the use of inex-
pensive and easy-to-handle alkyne source, broad substrate scope, 
satisfactory yield, and simple work-up procedure. This method may 
be good alternative to the synthesis of biologically active sub-
stances bearing benzofuran moiety through further structural mod-
ification. 

 

Experimental 

General procedure for the synthesis of 2-methyl-3-aminoben-
zofurans: Salicylaldehyde (1.5 mmol), calcium carbide (3 mmol, 98 % 
purity), secondary amine (1.0 mmol), cuprous bromide (1.2 mmol), 
sodium carbonate (1.0 mmol) and water (6 mmol) in DMSO (dry) (3 
mL) were stirred at 100 oC for 10 h. The reaction was monitored by 
TLC. After the reaction was complete, the resulting mixture was fil-
tered to remove the solid, and the liquor was extracted with ethyl 
acetate (3×10 mL), and washed with saturated brine (3×10 mL). 
The resulting organic phase was dried with anhydrous sodium sul-
fate, and concentrated under reduced pressure. The residue was 
isolated by aluminum oxide column chromatography by using pe-
troleum ether and ethyl acetate as eluent to give the pure products. 
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Inexpensive and easy-to-handle alkyne source
Wide range of substrates
One-pot three-component procedure
Twenty-five examples
Up to 81% yield

R1 = H, Me, OMe, OEt, F, Cl,      
Br, NO2, etc.

R2, R3 = alkyl, cycloalkyl, etc.
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In this protocol, calcium carbide was 

used as a concise solid alkyne source to 

react with salicylaldehydes and second-

ary amines through one-pot three-com-

ponent procedure, and a series of 2-

methyl-3-aminobenzofurans were syn-

thesized in satisfactory yield. 
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