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Multicomponent reactions (MCRs) involve the construction and 

cleavage of carbon–carbon and carbon–heteroatom bonds. These 

reactions are simple, fast and efficient for chemical synthesis. 

They have considerable economic and ecological benefits.
1
 

Pharmaceutically relevant propargylamines
2
 can be produced by 

MCRs. Propargylamines are key intermediates for the 

preparation of many biologically active nitrogen compounds such 

as β-lactams
3
 and therapeutic drugs.

4, 5
 

Three-component coupling reactions of amines, aldehydes, and 

alkynes (A3) are used to synthesize propargylamines via C–H 

activation.
6
 Different catalysts have been used for these reactions 

such as copper-based catalysts, 
7-17

 Ag,
18-23

 Zn,
24-28

 NiCl2,
29

 Fe 

nanoparticles,
30,31

 FeCl3,
32

 BiCl3
33

 and gold salts. 
34-37

 Syntheses 

of propargylamines under heterogeneous catalysis are 

particularly attractive as they allow the production and ready 

separation of large quantities of products using small amounts of 

catalysts.  Supported nano gold particles, Au/CeO2,
38

  Au/Al2O3, 
39

 NAP-Mg-Au,
40

 Au/PMO-IL,
41

 Au/IRMOF-3
42

 and Au/ZnO
43

 

have been used as catalysts for A3 coupling reactions of 

benzaldehyde, alkynes, and piperidine. 

Dichloromethane  is a major industrial solvent
44

 and is commonly 

used as a medium for MCRs. It can also be used as a source of 

carbon and replace aldehydes in three-component coupling 

reactions. Alkynes, halomethane and amine coupling reactions 

can be achieved and are commonly known as AHA processes 

(Scheme 1). Significant progress has been made by using 

homogeneous catalysts. Copper salts,
45, 46

 nano-In2O3,
47

 Fe salts,
48

 

AgOAc
49

 and gold salts
50

 are the most important. However, 

compared to various transition-metal-catalyzed A3 coupling 

reactions, the catalysts employed for AHA couplings are limited. 

The activation of the C-Cl bond has been studied using 

homogeneous catalysis, but there are no reports on the coupling 

of CH2Cl2, alkynes and amines employing heterogeneous 

supported gold catalysts. In this work, a supported nano gold 

catalyst, Au/CeO2, is used in AHA coupling reactions. 

CH2Cl2 HNR1R2
Ph

Ph

NR1R2

++

 
Scheme 1. The AHA coupling reaction 

Preparation of catalyst by deposition precipitation with urea 

The catalyst, 2% Au/CeO2, was prepared by deposition 

precipitation with urea (DPU) as previously described.
51,52

 

Commercial  nano CeO2 (1.97 g) was dispersed in 200 mL of 

distilled water under stirring until the temperature reached 80 °C, 

then 8 mL (2% Au) of HAuCl4.3H2O (10g/L) and 1.2 g of urea 

were added, and the mixture was stirred for 16 hours. The 

resulting solid was dried at 80 °C overnight, then charcterized by 

DR-UV visible spectroscopy, XRD and TEM. 
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The AHA coupling procedure: 

A terminal alkyne (2 mmol), an amine (2.2 mmol), CH2Cl2 (1.5 

mmol), a base (2 mmol), and Au/CeO2 (80 mg) were mixed with 

3 ml of solvent. After 24 hours, the reaction mixture was diluted 

with CH2Cl2 and the catalyst was recovered by centrifugation. 

The mixture was extracted with water/CH2Cl2 and dried over 

Na2SO4. Evaporation of the solvent furnished the crude product 

which was subjected to column chromatography. The products 

were characterized by NMR and FTIR spectroscopy. 

Catalyst Characterization 

 

 
 

First the CeO2 support and the Au/CeO2 catalyst were 

characterized by XRD. The XRD patterns are shown in Figure 1. 

In Figure 1a, all the peaks match well with the typical spectrum 

of ceria.
53

 The Au/CeO2 spectrum (Figure 1b) reveals no 

differences compared to the CeO2 spectrum. This suggests that 

the gold particles are very small, hence, they cannot be observed 

by XRD.  

 

The catalyst was next characterized by DR-UV Visible 

spectroscopy. Figure 2 shows a band at 570 nm in the spectrum 

of Au/CeO2. This band is characteristic of small gold 

nanoparticles on the surface of ceria. It is related to the plasmon 

effects of gold nanoparticles.
54

  Finally, we characterized the 

catalyst by TEM. A typical image (Figure 3a) shows gold nano 

particles distributed on ceria. Moreover, the histogram of the 

particle size distribution (Figure 3b) has a Gaussian shape 

indicating that the majority of the gold particles have sizes 

between 2 nm and 4 nm and a mean size of 4.8 nm. 

 

Figure 3: TEM image of 2%Au/CeO2 and the particle size distributions determined by statistical analysis of different TEM images  

Figure 2: DR-UV Visible spectra of CeO2 (_ _) and Au/CeO2 (__)  

Figure 1: XRD spectra of (a) CeO2 and (b) Au/CeO2 
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Table 1: Optimization of the reaction conditions for the synthesis of propargylamine derivatives catalyzed by 2% Au/CeO2 

 

base, solvent
CH2Cl2 Et2NH

2% Au/CeO2
Ph Ph

NEt2

 
Entry Solvent Base Temp (°C) Yield (%)

f
 

1 DMSO DABCO
a
 65 trace 

2 DMSO DABCO
b
 65 trace 

3 no solvent DABCO 65 24 

4 DMSO DABCO 65 30 

5 H2O DABCO 65 44 

6 CH3CN DABCO 65 53 

7 CH3CN DABCO
c
 65 53 

8 CH3CN DABCO 25 trace 

9 CH3CN DABCO
d
 25 trace 

10 CH3CN DABCO 40 trace 

11 CH3CN DABCO 120 50 

12 DMF DABCO 65 39 

13 1,4-dioxane DABCO 65 trace 

14 CH2Cl2 DABCO 65 41 

15 CH3CN DBU 65 40 

16 CH3CN K2CO3 65 24 

17 CH3CN NH4OAc 65 30 

18 CH3CN no base
e
 65 20 

Reaction conditions: phenylacetylene (2.0 mmol), Et2NH (2.2 mmol), CH2Cl2 (23.5 mmol), base (2.0 mmol), solvent (3 ml),  Au/CeO2 (80 mg), 

65 °C, 24 h 
a No catalyst. b The reaction was catalyzed by CeO2 before gold deposition. c After 48-72 h. d After 72 h. e After 36 h. f Isolated yields after 

column chromatography. 

Synthesis of propargylamines by AHA coupling reactions 

Initially, to optimize the reaction conditions, diethylamine, 

phenylacetylene and dichloromethane were used as model 

substrates, and the influence of various reaction variables such as 

the base, solvent and temperature on the reaction was 

investigated (Table 1). 

The results show that polar solvents (H2O, CH3CN) gave good 

yields (entries 5 and 6) compared to DMF, 1,4-dioxane and 

CH2Cl2 (entries 12, 13 and 14). Without a solvent the yield of the 

propargylamine decreased (entry 3).  

Moreover, the reaction proceeded more efficiently in the 

presence of organic bases such as DABCO (1,4-diazabicyclo[ 

2.2.2]octane)  and DBU (1,8-diazabicyclo[5.4.0]undec-7-ene) 

(Table 1, entries 6, 7, 11, 12, 14 and 15), probably due to their 

high solubility in organic systems. The inorganic bases K2CO3 

and NH4OAc were found to be less reactive (Table 1, entries 16 

and 17). It should be noted that the yield decreased in the absence 

of a base (entry 18). 

We also examined the temperature effect at room temperature, 40 

°C, 65 °C and 120 °C. It was observed that this reaction was 

susceptible to temperature changes. The results show clearly that 

a temperature of 65 °C was needed for the reaction to occur. At 
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room temperature and 40 °C the yield of product was very low 

(Table 1, entries 8-10), but increased to 53% at 65 °C (Table 1, 

entries 6 and 7). This may be attributed to the fact that the 

reaction is slower at low temperatures, however, an increase in 

temperature generates a high pressure inside the reaction vessel, 

resulting in a higher reaction rate.
55-57

 

The optimum reaction conditions adopted are: phenylacetylene 

(2.0 mmol), diethylamine (2.2 mmol), CH2Cl2 (23.5 mmol), 

DABCO (2.0 mmol), 2% Au/CeO2 (80 mg), CH3CN (3 mL), 65 

°C, 24 h. 

In order to show that the method can be used to produce different 

propargylamines, we varied the nature of the amine while 

keeping phenylacetylene as the terminal alkyne. Thus, various 

secondary amines (2a-d) were used in the AHA three-component 

coupling reaction with CH2Cl2 and phenylacetylene using the 

optimum reaction conditions (Table 2). Propargylamine yields of 

up to 60% were obtained. These results are very significant 

compared with the studies on AHA couplings using 

homogeneous catalysts. 

The reusability of the catalyst was studied in the AHA coupling 

reaction of phenylacetylene, dichloromethane and diethylamine 

using the optimized conditions. The catalyst was separated from 

the reaction mixture by centrifugation, washed with CH2Cl2 and 

water, dried at room temperature and reused. The results in Table 

3 show that the yields were similar until the third cycle. The 

decrease of the catalyst activity is probably due to HCl being 

released during the reaction, which probably modifies the ceria 

and therefore the interaction between gold nanoparticles and 

ceria.   

Mechanism 

According to studies reported in the literature
49,50,57

 and our 

results, the catalytic mechanism for the AHA three-component 

coupling reaction with CH2Cl2, phenylacetylene and amines is 

proposed in Scheme 2. 

The reaction of CH2Cl2 and amine 2 gives a chloro-N,N-R
1
R

2
-

methammonium chloride salt 4, which is known as a Mannich 

reaction intermediate.
55

 This compound produces chloro-N,N-

R
1
R

2
-methanamine 5 by elimination of HCl. Finally, 5 reacts 

with an adsorbed molecule of phenylacetylene 1 on the catalyst 

surface to give the corresponding propargylamine. 

 

Table 2: Three-component coupling between phenylacetylene, CH2Cl2 and amines catalyzed by 2% Au/CeO2 

 
Reaction conditions: phenylacetylene (2.0 mmol), amine (2.2 mmol), CH2Cl2 (23.5 mmol), DABCO (2.0 mmol), CH3CN (3 ml), 

Au/CeO2 (80 mg), 65 °C, 24 h. 
 a 

Yield after 48 h 
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Table3:  Reusability of the 2%Au/ CeO2 catalyst 

Run Yield (%) 

1 53 

2 50 

3 30 

Reaction conditions: phenylacetylene (2.0 mmol), Et2NH (2.2 mmol), CH2Cl2 (23.5 mmol), DABCO (2.0 mmol), CH3CN (3 ml), Au/CeO2 (80 

mg), 65 °C, 24 h 

            
        

            
        

Au/CeO2

Au/CeO2

H
CH2Cl2

NR1R2

NR1R2

Cl

HNR1R2

HNR1R2

CH2Cl

HCl

1

2

3

4

5

Cl

 

 

In conclusion, a heterogeneous supported nano gold catalyst has 

been used for the first time to synthesize propargylamines via a 

one-pot, three-component coupling reaction of phenylacetylene, 

CH2Cl2 (instead of aldehydes) and different secondary amines. 

Indeed, supported gold nanoparticles can activate the C-H bond 

of a terminal alkyne and the C-Cl bond of CH2Cl2. The catalyst 

can be reused up to three times 
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CH3CN, DABCO, 65 °C, 24 h

CH2Cl2 HNR1R2
2% Au/CeO2

Ph Ph

NR1R2
 

1a  2a-2d  3a-3d  

Entry  Amine  Product Yield(%) 

1 2a Et2NH 3a Ph

NEt2  

53 

2 2b 

N
H

O

 

3b Ph

N

O  

55 

3 2c 

N
H  

3c Ph

N

 

53 

4 2d 

N
H  

3d Ph

N

 

59-60
a
 

 

Reaction conditions: Alkyne (2.0 mmol), amine (2.2 mmol), CH2Cl2 (23.5 mmol), DABCO (2.0 mmol), CH3CN (3 ml), 

Au/CeO2 (80 mg), 65 °C, 24 h.  a yield after 48h 




