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Carbon-based Solid Acid Catalyzed One-pot Mannich Reaction: 
A Facile Synthesis of β-Amino Carbonyl Compounds
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A simple and efficient method for the synthesis of β-amino carbonyl compounds by one-pot three-component Mannich 
reaction of acetophenone, aromatic aldehydes and aromatic amines using a carbon-based solid acid (CBSA), as an effec-
tive and reusable catalyst, is described. The present methodology offers several advantages such as simple procedure 
with an easy work-up, shorter reaction times, and high yields. 
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Scheme 1. Mannich reaction catalyzed by CBSA

Introduction

Multicomponent reactions (MCRs) have recently received 
the attention of organic chemists because of the many advan-
tages of these reactions offered over conventional multi-step 
synthesis as well as their potential applications in medicinal 
chemistry for the generation of diverse scaffolds and combi-
natorial libraries for drug development.1-3 In this type of reac-
tions three or more components are reacted to form ideally one 
product, which contains the essential parts of all the initial reac-
tants. MCRs contribute to the requirements of an environmen-
tally friendly process by reducing the number of synthetic steps, 
energy consumption and waste production. Therefore, the disco-
very for new MCRs and improving the already known MCRs 
are of considerable interest. One such reaction is the synthesis 
of β-amino carbonyl compounds by the Mannich reaction. 

The Mannich reaction is one of the most basic and useful 
synthetic methods for the preparation of β-amino carbonyl com-
pounds and has been one of the most important reactions in 
organic chemistry for its use in various pharmaceuticals, natural 
products, and versatile synthetic intermediates.4 The reported 
Mannich reactions have been catalyzed by various Lewis or 
Brønsted acid catalysts such as acetic acid,5 ceric ammonium 
nitrate,6 HCl,7 HBF4,8,9 rare earth perfluorooctanoate,10 silica- 
supported aluminum chloride,11 BiCl3,12 sulfamic acid,13 and 
Bi(OTf)3.14 However, they often suffer from the drawbacks of 
long reaction times and harsh reaction conditions, toxicity, and 
difficulty in product separation, which limit its use in the syn-
thesis of complex molecules. Furthermore, some of them are 
corrosive and volatile, and often cause the environment pro-
blems. Therefore, the development of simple, efficient, high- 

yielding, and environmentally friendly methods using new catal-
ysts for the Mannich reaction is still necessary.

Using solid acid catalysts have some advantages such as ease 
of products separation, recycling of the catalyst and environ-
mental acceptability as compared to liquid acid catalyst.15 Car-
bon-based solid acid (CBSA) catalyst has many advantages. It 
is insoluble in common organic solvents, causes low corrosion, 
and shows environmental acceptability. Also the products could 
be easily separated from the reaction mixture and the catalyst 
is recoverable without decreasing its activity. Therefore, it can 
be successfully used instead of sulfuric acid as catalyst.16,17 To 
the best of our knowledge, there are no examples on the use of 
CBSAs as catalysts for the synthesis of β-amino carbonyl com-
pounds by the Mannich reaction. 

In continuation of our previous works on the applications of 
reusable catalysts in the synthesis of organic compounds,18-27 
we report herein a new and efficient synthesis of β-amino car-
bonyl compounds by condensation of acetophenone, aroma-
tic aldehydes and aromatic amines using CBSA as a catalyst 
(Scheme 1).

Experimental

All chemicals were available commercially and used without 
additional purification. The catalyst was synthesized accord-
ing to the known literature. Melting points were recorded on 
an electrothermal type 9100 melting point apparatus. The IR 
spectra were obtained using a 4300 Shimadzu spectrophoto-
meter as KBr disks. The 1H NMR (500 MHz) spectra were 
recorded with a Bruker DRX500 spectrometer. 

Preparation of CBSA. The CBSA was prepared according to 
the reported procedure by Hara and co-workers.16 Naphthalene 
(20 g) was heated in concentrated sulfuric acid (> 96%, 200 mL) 
at 250 oC under a flow of N2. After heating for 15 h, excess sul-
furic acid was removed from the dark brown tar by vacuum 
distillation at 250 oC for 5 h, which resulted in a black solid. 
The solid was then ground to a powder and was washed repeat-
edly in boiling water until impurities such as sulfate ions were 
no longer detected in the wash water. The density of the SO3H 
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Table 1. Effect of the amounts of CBSA on the model reactiona

Entry Catalyst (g) Time (h) Yield (%)b

1 None 8 None
2 0.04 8 75
3 0.06 7 77
4 0.08 5.5 81
5 0.10 4.5 93
6 0.12 4.5 93
7 0.15 5.5 94

aacetophenone (2 mmol), benzaldehyde (2 mmol), 4-chloroaniline
(2 mmol) in ethanol at rt. bIsolated yields.

Table 2. Synthesis of compound 4b in the presence of CBSA (0.10 g)
in different solvents at rta 

Entry Solvent Time (h) Yield (%)b

1 EtOH 4.5 93
2 THF 10 78
3 H2O 10 Trace
4 CH3CN 10 Trace
5 CHCl3 10 Trace
6 Solvent-free 10 Trace

aacetophenone (2 mmol), benzaldehyde (2 mmol), 4-chloroaniline
(2 mmol) at rt. bIsolated yields.
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Figure 1. Reusability of CBSA for model reaction.

group was measured using NaOH (0.01 mol/L) as titrant by acid- 
base potentiometric titration. The amount of SO3H attached to 
the polycyclic aromatic carbon was 2.84 mmol/g.

General Procedure for the Synthesis of β-amino Carbonyl 
Compounds by CBSA Catalyzed Mannich Reaction. To a mix-
ture of acetophenone (2 mmol), aromatic aldehyde (2 mmol) 
and aromatic amine (2 mmol) in ethanol (5 mL), CBSA (0.10 g) 
was added. The mixture was stirred at room temperature and 
the reaction was monitored by TLC. Upon completion, the mix-
ture was heated up to boiling. The catalyst was dissolved in hot 
ethanol and filtered off. The product was collected from the 
filtrate after cooling to room temperature and recrystallized from 
ethanol to give compounds 4a-l in high yields. 

Results and Discussion

The one-pot synthesis of β-amino carbonyl compounds was 
achieved by the three-component condensation of acetophen-
one, aromatic aldehydes and aromatic amines in the presence 
of CBSA as a heterogeneous catalyst (Scheme 1). CBSA was 
prepared according to the literature procedure.16 Initially, the 
synthesis of compound 4b was selected as a model reaction to 
optimize the reaction conditions. The reaction was carried out 
by stirring a mixture of acetophenone (2 mmol), benzaldehyde 
(2 mmol) and 4-chloroaniline (2 mmol) in ethanol in the pre-
sence of various amount of CBSA as a catalyst. 

The efficiency of the reaction is affected mainly by the amo-
unt of CBSA (Table 1). No products were produced in the ab-
sence of the catalyst (entry 1). To give the product, the catalyst 
is necessary for the reaction. Increasing the amount of the cat-

alyst increased the yield of the product 4b. The optimal amount 
of CBSA was 0.10 g (entry 5); increasing the amount of the 
catalyst beyond this value did not increase the yield noticeably 
(entries 6-7).

Furthermore, the reaction was carried out in different sol-
vents and under solvent-free conditions. As shown in Table 2, 
EtOH was the best choice among the solvents screened. The 
compound 4b was obtained in good yield in THF but in trace 
amount in H2O, CH3CN, CHCl3 and also in solvent-free condi-
tion after 10 h at room temperature.

In order to evaluate the generality of this model reaction, 
other aldehydes and amines were tested for the Mannich reac-
tions with acetophenone in ethanol at room temperature. The 
type of aldehydes and amines had no significant effect on the 
reaction. The results are summarised in Table 3.

Reusability of the catalyst was also investigated. For this 
purpose, the same model reaction was again studied under opti-
mized conditions. After the completion of the reaction, the reac-
tion mixture was heated up to boiling. The catalyst was sepa-
rated by simple filtration, dried at 60 oC under vacuum for 1 h, 
and reused for a similar reaction. As shown in Fig. 1, the cata-
lyst could be reused at least three times without significant 
loss of activity.

Conclusion

In conclusion, we have reported a simple and new catalytic 
method for the synthesis of β-amino carbonyl compounds by 
one-pot three-component Mannich reaction of acetophenone, 
aromatic aldehydes, and aromatic amines using CBSA as an 
efficient, reusable, and green heterogeneous catalyst. The cata-
lyst can be recycled after a simple work-up, and used at least 
three times without substantial reduction in its catalytic acti-
vity. High yields, relatively short reaction times, and easy work- 
up are just a few of the advantages of this procedure.
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Table 3. Carbon-based solid acid catalyzed Mannich reactiona

Entry Ar Ar' Productsb Time (h) Yield (%)c mp (oC)
Ref.

Found Reported

1 C6H5 C6H5

O HN

4a

3:45 90 168 - 170 170 - 171 10

2 C6H5 4-ClC6H4
O HN

Cl

4b

4.5 93 174-176 170-171 10

3 C6H5 3-O2NC6H4
O HN

NO2

4c

4 91 146-148 138-139 10

4 4-BrC6H4 C6H5

O HN

Br
4d

7 88 137-139 123-127 6

5 4-ClC6H4 C6H5

O HN

Cl
4e

7 87 117-118 114-115 11

6 4-ClC6H4 4-ClC6H4

O HN

Cl

Cl
4f

4:20 90 124-126 118-119 11

7 4-ClC6H4 3-O2NC6H4
O HN

Cl

NO2

4g

5:15 92 142-144 132-133 11

8 4-MeOC6H4 C6H5

O HN

OMe
4h

6.5 84 153-156 142-143 11

9 4-MeOC6H4 4-ClC6H4

O HN

OMe

Cl

4i

4.5 89 162-164 158-160 12

10 4-MeC6H4 C6H5

O HN

Me
4j

6 87 138-140 134-135 11

11 3-O2NC6H4 C6H5

O HN

NO2

4k

7 87 140-142 131-132 11

12 4-O2NC6H4 C6H5

O HN

NO2

4l

6.5 89 115-117 105-106 12

aAcetophenone (2 mmol), aromatic aldehyde (2 mmol), aromatic amine (2 mmol) in ethanol at rt. bAll the products were characterized by IR 
spectral data and comparision of their melting points with those of authentic samples. Also, the structures of some products were confirmed 
by 1H NMR spectral data. cIsolated yields.
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