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Abstract 

ZnO-nanoparticles, as a recyclable heterogeneous catalyst, efficiently promoted the one-pot three-

component Mannich reaction of ketones, aromatic aldehydes and amines in water to afford the 

corresponding β-amino carbonyl compounds in good to excellent yields and with moderate 

diastereoselectivity. The method offers a new modification of the Mannich reaction with a simple 

workup procedure. 
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Introduction 

 

Water is used as a solvent for the development of environmentally friendly organic reactions and it 

is an important aspect of green chemistry. The use of water as a solvent in organic reactions 

signifies a remarkable benefit because it is a cheap, abundant, non-toxic and non-flammable 

solvent, and it is suitable for industrial production.1-4 In fact, as clearly stated by R. A. Sheldon, it is 

generally recognized that “the best solvent is no solvent and if a solvent (diluent) is needed it should 

preferably be water”.5 

In recent years, heterogeneous catalysts have gained much attention, as a result of economic and 

environmental benefits. They make synthetic processes clean, safe and high-yielding.6, 7 The use of 

nano-sized inorganic solid oxides as catalysts have received much attention because of their high 

level of chemoselectivity, environmental compatibility, simplicity of operation and their availability 

at low cost. Metal oxides exhibit both Lewis acid and Lewis base character at their surface.8 Metal 

oxide nanoparticles have different physical and chemical properties compared with bulk material 
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because of their high surface area-to-volume ratio.9 In recent years, zinc oxide (ZnO), an 

inexpensive and easily available Lewis acid catalyst, has been widely used in organic reactions.10-13 

The Mannich-type reaction is a classic protocol for the synthesis of β-amino carbonyl 

compounds, which are important intermediates for the construction of various nitrogen-containing 

natural products and pharmaceuticals and it is a reaction with high atom-economy.14, 15 Many 

synthetic methods and catalysts have been reported to improve and modify this reaction. These 

include assistance of microwave16 or ultrasound irradiation,17, 18 and use of Lewis acids,19-21 Lewis 

base,22 Brønsted acids,23-25 rare metal salts,26, 27 organo catalysts,28-30 ionic liquids,31, 32 Cu-

nanoparticles33 and heteropoly acids.34 Some of these methods suffer mainly from the drawbacks of 

long reaction times, large amounts of catalysts, expensive reagents or catalysts, toxicity, harsh 

reaction conditions, and low yield. Therefore we became interested in exploring the utility of ZnO-

nanoparticles as a recyclable, economical and cheap catalyst for the Mannich reaction. 

 

Results and Discussion 

 

Two sizes of ZnO-nanoparticles were synthesized and their sizes were confirmed by using scanning 

electron microscopy (SEM). Figure 1 shows the SEM micrographs of the 105 and 1050 nm ZnO-

nanoparticles (a, c) and their size distribution (b, d), respectively. The ZnO-nanoparticles, as seen in 

the SEM images, had an average size of 105 and 1050 nm, respectively. The ZnO-nanoparticles 

were prepared from zinc acetate dihydrate. 

 

 
 

Figure 1. SEM micrographs of the 105 and 1050 nm ZnO-nanoparticles (a, c) and their size 

distribution (b, d). 



General Papers  ARKIVOC 2011 (xi) 156-164 

Page 158 ©ARKAT-USA, Inc. 

In this Letter, we report a rapid and efficient method for the one-pot Mannich reaction of 

aldehydes, ketones and amines in the presence of ZnO-nanoparticles (Scheme 1). 

 

 
 

Scheme 1. Synthesis of β-amino ketones via three-component Mannich reaction by ZnO-

nanoparticles (105 nm). 

 

Initially, several different common Lewis acids were screened for their ability to catalyze the 

three component Mannich reaction and 4-chlorobenzaldehyde, aniline and cyclohexanone were 

selected as a model. As shown in Table 1, common Lewis acids such as ZnCl2, ZnSO4 and CuCl2 

did not furnish the desired product (Table 1,entries 2-4). 

 

 
 

Table 1. Optimization of three-component Mannich reaction conditionsa 

Entry Catalyst Solvent Temp. Time (h) Yield(%)a 

1 No. Cat EtOH rt 24 NR 

2 ZnCl2 EtOH rt 24 NR 

3 ZnSO4 EtOH rt 24 NR 

4 CuCl2 EtOH rt 24 NR 

5 A (1 mmol) MeOH rt 24 20 

6 A (1 mmol) EtOH rt 24 20 

7 A (1 mmol) CH2Cl2 rt 24 Trace 

8 A(1 mmol) CH3CN rt 24 Trace 

9 A (1 mmol) H2O rt 24 40 

10 A (1 mmol) EtOH 60 °C 10 78 

11 A (1 mmol) CH3CN 60 °C 10 75 

12 A (1 mmol) H2O 60 °C 10 86 

13 No.Cat H2O 60 °C 10 Trace 

14 A (0.625 mmol) H2O 60 °C 10 83 

15 A (0.5 mmol) H2O 60 °C 10 85 
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Table 1. Continued 

Entry Catalyst Solvent Temp. Time (h) Yield(%)a 

16 A (0.25 mmol) H2O 60 °C 10 80 

17 B (0.5 mmol) H2O 60 °C 10 75 

18 B (1 mmol) H2O 60 °C 10 78 

aReaction conditions: 4-chlorobenzaldehyde (1 mmol), aniline (1 mmol), cyclohexanone (1.5 

mmol), ZnO-nanoparticle as a catalyst and solvent (10 mL).  bCatalyst: A and B,  ZnO with an 

average size of 105 nm and 1050 nm, respectively. 

 

For ZnO, the results demonstrated that H2O was the best medium in comparison with EtOH, 

CH2Cl2 and CH3CN; therefore, H2O was selected as the solvent of choice for this reaction (Table 1, 

entries 5-9). Raising the temperature to 60 °C also showed an increase in the yield of desired 

product (Table 1, entries 10-12). Then, the effect of catalyst loading was examined (Table 1, entries 

14-16). It was found that 0.5 mmol of ZnO-nanoparticles (105 nm) was sufficient to drive the 

reaction to completion and an 85% yield was realized (Table 1, entry 15). Higher amounts of the 

catalyst gave similar results. It was also observed that the catalytic effect of nanoparticles was 

dependent on their size (Table 1, entries 15 and 17) and the maximum yield was obtained for the 

catalyst with an average particle diameter of about 105 nm. 

With optimization complete, the scope of the reaction was examined. It was quickly realized 

that this procedure was applicable to a wide range of different aromatic aldehydes and amines 

including electron-withdrawing and electron-donating groups, providing an easy access to β-amino 

ketones 1-18 in good to excellent yields (74-93%) and with anti-selectivity. The results are 

summarized in Table 2. 

 

Table 2. Synthesis of β-amino ketones via a threee-component Mannich reaction 

Entry R1 R2 Yield (%)a anti:synb Mp (°C) 

1 H H 86 71:29 115-116 35 

2 H 4-NO2 89 69:31 Oil 18 

3 H 4-Cl 85 77:23 135-136 35 

4 H 3-NO2 90 73:27 121-122 36 

5 H 4-Me 78 63:37 114-116 18 

6 H 3-F 83 72:28 167-16940 

7 4-Cl 4-NO2 92 61:39 168-170 36 

8 4-Cl 4-Cl 87 74:26 94-96 35 
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Table 2. Continued 

Entry R1 R2 Yield (%)a anti:synb Mp (°C) 

9 4-Cl 2-Cl 86 79:21 95-97 37 

10 4-Cl 3-NO2 92 69:31 127-128 35 

11 4-Cl H 80 70:30 134-136 35 

12 4-Cl 4-OMe 89 67:33 122-124 35 

13 3,4-(Cl)2 2,4-(Cl)2 85 66:34 135-137 34 

14 4-NO2 H 75 70:30 121-123 38 

15 4-NO2 4-Cl 78 41:59 170-172 

16 4-NO2 3-NO2 81 66:34 161-163 

17 4-Me 4-Cl 93 71:29 118-120 39 

18 3-NO2 4-Cl 74 46:54 183-185 

aYields of isolated product. bDiastereomeric ratio measured by 1H NMR spectroscopic analysis of 

the crude reaction mixture. 

 

In the investigation of various derivatives of benzaldehyde, it was found that aldehydes with 

electron-withdrawing groups were, not surprisingly, more active (Table 2, entries 7, 10). 

Furthermore, although less reactive, electron-rich aromatic aldehydes also produced the desired 

compounds in good yields (Table 2, entry 16). 

The reusability of the catalyst is an important factor from economical and environmental points 

of view. For this reason, the reusability of the ZnO-nanoparticles was examined in the reaction of 4-

chlorobenzaldehyde, aniline and cyclohexanone under the optimized reaction conditions. It was 

found that the ZnO-nanoparticles could be reused three to four times by separating them from the 

reaction mixture through filtration and by washing with ethanol and drying. The results of recycling 

the catalyst are summarized in Table 3. 

 

Table 3. Reusability of ZnO-nanoparticles in the synthesis of a β-amino ketonea 

No. of 

Recycles 
Fresh Run 2 Run 3 Run 4 

Yields (%) 85 85 83 75 

aReaction conditions: 4-chlorobenzaldehyde (1 mmol), aniline (1 mmol), cyclohexanone (1.5 

mmol), 0.5 mmol ZnO-nanoparticles (105 nm), H2O; 60 °C. 
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Conclusions 

 

In summary, the aforementioned protocol presents a very simple, efficient and practical method for 

the three-component Mannich reaction with a reusable ZnO-nanoparticle as a catalyst in H2O. The 

high yield, simple procedure, good functional group tolerance, ease of handling and cost efficiency 

of the catalyst, environmental friendliness and effective reusability of catalyst are the major 

advantages of this work. In addition, this strategy is adaptive for the synthesis of a diverse set of β-

amino ketones. 

 

 

Experimental Section 

General. NMR spectra were measured in CDCl3 on a Bruker DRX-300 Avance spectrometer at 

300.13 and 75.47 MHz, respectively. Scanning electron microscopy (SEM) of the particles was 

carried out using a Philips XLO SEM instrument. Samples were prepared by dispensing drops of an 

aqueous suspension of particles on to a glass plate. This was allowed to dry at room temperature 

and was then coated with a thin Au film. All commercially available chemicals were obtained from 

commercial suppliers and used without further purification. 

 

Preparation of zinc oxide with an average size of 105 nm 

Zinc acetate dihydrate (1 mmol, 0.219 g) was ground for 5 min and then mixed with NaOH (4 

mmol, 0.16 g) under solid-state reaction conditions. The mixture was ground for 30 min in a mortal 

and pestle and then the product was washed with deionized H2O and EtOH to remove the by-

products. The final product was dried at 80 °C for 1 h, and then calcined at 600 °C for 2 h to 

decompose Zn(OH)2 into ZnO and H2O.13 

 

Preparation of zinc oxide with an average size of 1050 nm 

Zinc acetate dihydrate (1 mmol, 0.219 g) was dissolved in methanol (10 mL) and was added to a 

NaOH solution (5 mmol, 0.2 g in 50 mL of MeOH) while it was continuously stirred. The resulting 

solution was then heated at reflux for 3 hours, cooled and after three hours of constant stirring, a 

milky white solution was obtained. The particles were then separated by centrifugation and washed 

with deionized water and methanol. The solid residue was calcined at 600 °C for 2 h and the size, as 

well as the size distribution for these particles, was calculated from SEM images. 

 

General procedure for Mannich reactions catalyzed by ZnO-nanoparticle (105 nm and 1050 

nm, respectively) in water 

To a mixture of cyclohexanone (1.5 mmol), arylaldehyde (1 mmol) and arylamine (1 mmol) in 

water (10 mL), ZnO-nanoparticles (0.5 mmol, 0.04 g for 105 nm and 1050 nm) were added. The 

mixture was stirred at 60 °C until the reaction was complete as monitored by TLC. The catalyst was 

removed by filtration and the resultant filtrate was extracted with ethyl acetate (3×15 mL). The 

combined organic layers were dried over anhydrous Na2SO4, then the solvent was evaporated to 
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give the crude product which upon crystallization from ethanol or ethyl acetate gave pure products. 

The catalyst recovered after filtration could be reused after simple washing by ethanol and drying. 

2-((4-Nitrophenylamino)(4-chlorophenyl)methyl)cyclohexanone (Table 2, entry 15, anti-

isomer). Mp 170-171 ºC. IR (KBr, cm-1) v 3380, 3015, 1661, 1535, 1340. 1H NMR (CDCl3) δ 1.25-

2.13 (m, 6H), 2.28-2.40 (m, 2H), 2.91 (m, 1H), 4.70 (br s, 1H, anti), 6.40-6.61 (m, 2HAr), 7.25-7.35 

(m, 4HAr), 7.95-8.05 (m, 2HAr). 
13C NMR (CDCl3) δ 22.5, 23.5, 24.8, 25.6, 26.9, 27.5, 33.2, 42.8, 

56.2, 58.2, 60.9, 112.9, 125.8, 129.1, 129.6, 129.8, 129.8, 131.9, 132.4, 138.2, 139.5, 152.9, 153.5, 

212.9, 213.5. Anal. calcd for C19H19ClN2O3: C, 63.60; H, 5.34; N, 7.81%. Found: C, 63.53; H, 5.41; 

N, 7.75%. 

2-((4-Nitrophenylamino)(4-chlorophenyl)methyl)cyclohexanone (Table 2, entry 15, syn-

isomer). Mp 170-172 ºC. IR (KBr, cm-1) v 3380, 3015, 1661, 1535, 1340. 1H NMR (CDCl3) δ δ 

1.26-2.16 (m, 6H), 2.29-2.35 (m, 2H), 2.90 (m, 1H), 4.83 (br s, 1H, syn), 6.43-6.64 (m, 2HAr), 7.22-

7.32 (m, 4HAr), 7.90-7.98 (m, 2HAr).
 13C NMR (CDCl3) δ 22.9, 23.8, 24.3, 26.0, 26.9, 27.9, 32.9, 

43.1, 56.6, 58.9, 61.3, 111.9, 126.1, 129.9, 130.0, 130.1, 131.2, 131.5, 132.8, 137.8, 139.2, 152.2, 

152.9, 213.1, 213.5. Anal. calcd for C19H19ClN2O3: C, 63.60; H, 5.34; N, 7.81%. Found: C, 63.53; 

H, 5.41; N, 7.75%. 

2-((4-Nitrophenylamino)(3-nitrophenyl)methyl)cyclohexanone (Table 2, entry 16). Mp 

(mixture of diastereoisomers) 161-163 ºC. IR (KBr, cm-1) v 3383, 3013, 1668, 1529, 1325. 1H NMR 

(CDCl3) δ 1.63-2.42 (m, 8H), 2.72 (m, 1H), 4.53 (br s, 0.66H, anti) 4.82 (br s, 0.34H, syn), 6.75-

7.12 (m, 6HAr), 7.34-7.76 (m, 2HAr). 
13C NMR (CDCl3) δ 23.7, 24.5, 24.9, 26.4, 27.1, 34.8, 37.7, 

54.6, 55.4, 58.9, 60.1, 112.6, 113.5, 117.6, 118.3, 119.9, 121.6, 123.4, 124.6, 130.5, 131.6, 145.7, 

146.8, 149.8, 151.4, 152.4, 211.9, 212.4. Anal. calcd for C19H19N3O5: C, 61.78; H, 5.18; N, 11.38%. 

Found: C, 61.69; H, 5.25; N, 11.29%. 

2-((3-Nitrophenylamino)(4-chlorophenyl)methyl)cyclohexanone (Table 2, entry 18). Mp 

(mixture of diastereosiomers) 183-185 ºC. IR (KBr, cm-1) v 3375, 3023, 1672, 1541, 1328. 1H NMR 

(CDCl3) δ 1.60-2.42 (m, 8H), 2.80-2.82 (m, 1H), 4.61 (br s, 0.46H, anti) 4.73 (br s, 0.54H, syn), 

6.79 (m, 2HAr), 7.14-7.48 (m, 6HAr). 
13C NMR (CDCl3) δ 20.3, 21.3, 24.5, 24.8, 25.1, 26.8, 27.1, 

27.9, 55.4, 56.1, 57.5, 60.8, 112.5, 112.8, 126.1, 126.4, 128.6, 128.9, 129.4, 129.8, 138.1, 138.4, 

138.7, 139.1, 152.1, 152.4, 212.3, 212.7; Anal. calcd for C19H19ClN2O3: C, 63.60; H, 5.34; N, 

7.81%. Found: C, 63.54; H, 5.26; N, 7.90%. 
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