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Abstract

Cerium trichloride heptahydrate (CeCl3�7H2O) was found to be an efficient and recyclable catalyst for the three-component

direct Mannich reaction of anilines and benzaldehydes with acetophenone. This protocol has advantages of high yield, no

environmental pollution, mild condition, and simple work-up procedure.
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The development of promoted organic reactions using air-stable and water-tolerant lanthanide salts as Lewis acid

catalyst is one of the most important and challenging subjects in organic synthesis chemistry [1]. In the last years,

cerium trichloride heptahydrate (CeCl3�7H2O) as a moisture and air tolerant Lewis acid has attracted considerable

attention because of its high abundance in the Earth’s crust, high catalytic activity, low toxicity and the easy work-up. It

has been used for various organic transformations [2] such as epoxide opening reaction, elimination reaction, carbon–

carbon and carbon–heteroatom bonds forming reactions, selective deprotection reactions and so on. However, the use

of CeCl3�7H2O in Mannich-type reaction has rarely been reported.

Mannich reactions are important carbon-carbon bond forming reactions in organic synthesis [3]. They provide b-

amino ketones, b-amino esters and other b-amino carbonyl compounds, which are useful building blocks for

important molecules with applications in various pharmaceuticals and in the field of material science [4].

Traditionally, Mannich reactions have been achieved by using proton acids or Lewis acids as catalysts [5]. However,

these procedures are not entirely satisfactory and suffer from some limitations including use of toxic reagents,

atmosphere sensitive reagents or catalysts, a large amount of expensive and non-recoverable catalyst, requirement of

special effort for catalyst preparation. Therefore, the development of new catalysts with more efficiency is of interest.

To our knowledge, the use of CeCl3�7H2O as catalyst for three-component direct Mannich reaction has not been

described in the literature. Herein we describe a mild, convenient, and simple procedure for effecting the one-pot,

three-component reaction of anilines and benzaldehydes with acetophenone for the preparation of b-amino ketones

using CeCl3�7H2O as catalyst (Scheme 1).
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1. Results and discussion

Initially, we chose the reaction of aniline and benzaldehyde with acetophenone as a reaction model in ethanol [6].

As a preliminary study, several common Lewis acids and Brønsted acids were used as catalysts (Table 1). As for the

non-metal Lewis acids or Brønsted acids such HCl, CH3SO3H, p-TsOH, I2, [Hmim][HSO4] and H3PW12O40, due to

their shortcoming of difficult recovery or special efforts for preparation, they could not be considered as economic and

green catalysts even if some of them displayed good catalytic capacity (Table 1, entries 1–6). Although Yb(OTf)3 and

Zn(OTf)2 displayed as effective catalysts for such reaction, their expensive cost limited their practical usage on a large

scale (Table 1, entries 7 and 8). In cases of FeCl3, ZnCl2, AlCl3 and CuCl2, they did not furnish the desired products

even the reaction time was prolonged to 24 h (Table 1, entries 9–12). In contrast, CeCl3�7H2O could be easily separated

from the reaction mixture only by filtration and reused three times without obvious loss of activity (product yield: 91%

in the first run; 89% in the second run; 85% in the third run) (Table 1, entries 13 and 14). Thus, in view of excellent

catalytic capacity, outstanding stability and ready reutilization, CeCl3�7H2O was chosen as the effective catalyst for

the Mannich reaction of aniline and benzaldehyde with acetophenone.

Then, the CeCl3�7H2O-catalyzed Mannich reaction was examined in various solvents (Table 2). CeCl3�7H2O-

catalyzed Mannich reactions in organic solvents such as CH3CN, CH2Cl2, PhMe, n-hexane and gave the desired

products in low yield with the formation of imine side products. Although the reaction in water could afford desired

product, the yield was only moderate because of the low solubility of aldehydes, ketones, and amines in water. Among
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Scheme 1.

Table 1

Mannich reaction of aniline and benzaldehyde with acetophenone in ethanol catalyzed by different catalystsa.

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

1 HCl 24 75 8 Zn(OTf)2 12 85

2 CH3SO3H 14 92 9 FeCl3 24 0

3 p-TsOH 24 88 10 ZnCl2 24 0

4 I2 12 82 11 AlCl3 24 0

5 [Hmim][HSO4] 10 90 12 CuCl2 24 0

6 H3PW12O40 24 87 13 CeCl3�7H2O 10 91

7 Yb(OTf)3 12 86 14 CeCl3�7H2O 10 91, 89, 85c

a Reaction conditions: PhNH2 (2.1 mmol), PhCHO (2 mmol), PhCOCH3 (2.4 mmol), catalyst (0.1 mmol), EtOH (3 mL), r.t.
b Isolated yield.
c Catalyst was reused in three times.

Table 2

Synthesis of b-amino ketone in different solventsa.

Entry Solvent Yieldb (%) Entry Solvent Yieldb (%)

1 None 46 5 CH2Cl2 53

2 H2O 68 6 PhMe 20

3 EtOH 91 7 n-Hexane Trace

4 CH3CN 63

a Reaction conditions: PhNH2 (2.1 mmol), PhCHO (2 mmol), PhCOCH3 (2.4 mmol), CeCl3�7H2O (0.1 mmol), EtOH (3 mL), time (10 h), r.t.
b Isolated yield.



the screened solvent systems, ethanol was the solvent of choice, since in this solvent the Mannich-type reaction

proceeded smoothly and afforded the desired adducts in high yields at mild temperature.

In order to optimize the reaction condition, experiments focused on the effect of the amount of aniline and

acetophenone were explored (Table 3, entries 1–9). Interestingly, when the amount of aniline or acetophenone was less

than benzaldehyde, the reaction gave low yield with formation of enol and imine side products, respectively. The best

result was obtained when the ratio of aniline, benzaldehyde and acetophenone was 1.15:1.0:1.15. Thereafter, the effect

of amount of CeCl3�7H2O catalyst on the three-component reaction was also investigated. Generally, there was no

reaction in the absence of catalyst, indicating that this was indeed a CeCl3�7H2O-catalyzed reaction and the yield were

increased over the amount of catalyst. It was found that 5 mol% of CeCl3�7H2O (based on benzaldehyde) could

effectively catalyze the reaction. No substantial improvement in the yield was found with further increase of the

catalyst. Hence, the optimal amount of catalyst was chosen as 5 mol% based on benzaldehyde in the following

reactions.

To study the effectiveness of CeCl3�7H2O, we extended the range to a series of anilines and benzaldehydes

(Table 4). The yields of products varied depending upon the types and positions of substitutions. The results showed

that substituted anilines with both electron-withdrawing and electron-donating groups at the meta and para positions
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Table 4

CeCl3�7H2O-catalyzed direct Mannich reaction with acetophenonea.

Entry R1 R2 Time (h) Product Yield b (%) mp (8C) Ref. Mp (8C)

1 H H 10 3a 95 169–171 168–170 [5a]

2 4-NO2 H 8 3b 96 184–186 184–186 [5b]

3 4-OCH3 H 14 3c 87 165–168

4 2-CH3 H 16 3d Trace –

5 4-CH3 H 14 3e 88 168–170 165–167 [5a]

6 4-Cl H 10 3f 96 169–170 170–171 [5b]

7 H 4-OCH3 15 3g 92 148–150 147–149 [5a]

8 3-Cl H 8 3h 93 132–134

9 2-Cl H 16 3i Trace –

10 2-NO2 H 16 3j 0 –

11 3-COOH H 14 3k 87 162–163 163–164 [5c]

12 4-COOH H 13 3l 92 160–162 162–163 [5c]

13 H 4-NO2 18 3m 86 106–108 107–110 [5d]

14 H 4-Cl 13 3n 93 115–117 114–115 [5c]

15 3-Br 4-Cl 3 3o 97 122–123 123–124 [5c]

16 2-Cl 4-CH3 16 3p Trace –

17 4-CH3 4-OH 5 3q 98 171–173 172–173 [5c]

18 4-CH3 4-CH3 10 3r 91 134–135 135–136 [5c]

19 H 4-CH3 10 3s 97 129–130 131–132 [5a]

a Reaction conditions: PhNH2 (2.3 mmol), PhCHO (2.0 mmol), PhCOCH3 (2.3 mmol), CeCl3�7H2O (0.1 mmol), EtOH (3 mL), r.t.
b Isolated yield, all products were characterized by comparison of their melting points, MS and 1H NMR spectra with those of authentic samples.

Table 3

Synthesis of b-amino ketone under different conditionsa.

Entry PhNH2

(mmol)

PhCOCH3

(mmol)

CeCl3�7H2O

(mmol)

Yieldb

(%)

Entry PhNH2

(mmol)

PhCOCH3

(mmol)

CeCl3�7H2O

(mmol)

Yieldb (%)

1 1.8 2 0.1 70 8 2.3 2.3 0.1 95

2 2 2 0.1 79 9 2.3 2.4 0.1 92

3 2.1 2 0.1 84 10 2.3 2.3 0 0

4 2.3 2 0.1 85 11 2.3 2.3 0.04 86

5 2.4 2 0.1 81 12 2.3 2.3 0.08 92

6 2.3 1.8 0.1 77 13 2.3 2.3 0.12 95

7 2.3 2.2 0.1 91 14 2.3 2.3 0.2 93

a Reaction conditions: PhCHO (2.0 mmol), EtOH (3 mL), time (10 h), r.t.
b Isolated yield.



produced the corresponding b-amino ketones in excellent yields. However, the ortho-substituted anilines generally

gave very low yield, even trace of the products. This could be attributed to the steric hindrance caused by ortho group

on the approaching electrophilic reagents (as was also claimed by Li and Wang [5c,h]). The effect of substitution

related to benzaldehydes was also briefly studied. It was observed that the strong electron-withdrawing groups

decrease the yield of products, whereas weak electron-donating groups increase it. This can be explained from the

stability of intermediate ‘‘[ArNHCHArR2]+’’: When R2 owns strong electron-withdrawing capacity, the carbon cation

is not easy to form due to its instability; but if R2 owns strong electron-donating capacity, the reaction activity to

participate in the next step reaction is weak due to the high stability of the intermediate.

2. Conclusion

In conclusion, three-component Mannich-type reaction of anilines and benzaldehydes with acetophenone was

efficiently catalyzed by CeCl3�7H2O in ethanol. The noteworthy features of the reported protocol include: (a) simple

procedure; (b) air-stable and water-tolerant catalyst; (c) cheap and non-toxic solvent; (d) the reuse of the catalytic

system. Furthermore, this protocol is adaptive for synthesis of a diverse set of b-amino ketones.
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