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A B S T R A C T 
 
 
A mild procedure for the diastereoselective Diels-Alder reaction of methyl 
acrylate and cyclopentadiene was performed using modified silica with different 
concentrations of metal ions as Lewis acid support. According to the results, 
among the tested metal ions, cadmium ion supported on the silica was the best 
diastereoselective catalyst in this reaction. 
 

  

Introduction 

he 1,4-cycloaddition of a double and/or a 
triple bond to a conjugated diene leads to 
the formation of C-C bonds which is 
known as the Diels-Alder reaction[1-3]. 

Diels-Alder reaction is a valuable procedure for 

the preparation of different chemical substances 
[4], especially natural compounds [5,6]. Diels-
Alder adducts are often applied to create 
synthons, sometimes, uniquely privileged for 
other synthetic efforts and endeavors [7-9]. To 
the importance of the Diels-Alder reaction in 
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chemical synthesis, different catalysts and 
conditions have been used to optimize it [10]. 

Unsymmetrical starting materials imply two 
different possible products which are called 
endo and exo compounds. Recently, the 
stereoselective Diels-Alder reaction promoted 
by catalysts attracted the attention of scientists. 
In this regards, different catalysts have been 
used to gain endo and/or exo selective product 
including chiral organoaluminum reagent [11], 
anthracenebisresorcinol derivative [12], chiral 
Yb(OTf)3 [13], bis(oxazoline)copper (II) 
complexes [14], chiral diaquo titanocene 
complex [15], Cu(OTf)2 [16], pyridil-
bis(oxazoline) Zn (II) [17] and so on. 
Furthermore, Otto and coworkers investigated 
the effect of Co2+, Ni2+, Cu2+, and Zn2+ ions as 
catalysts on the rate and endo-exo selectivity of 
the Diels-Alder reaction in water [18]. 

Previously, our research group studied the 
role of incorporated cerium ions on the silica 
surface in diastereoselectivity of Diels-Alder 
reaction [19]. In this article, we want to 
investigate the effect of different metal ions 
loaded onto the silica pores in endo-exo 
selectivity of the Diels-Alder reaction. 

Experimental 

Materials and apparatus  

It was explained in supporting information. 

General procedure for the preparation of supports 

Silica gel (20 g) was added to ammonium 
solution (100 mL, 1 M) and stirred for 5 min. 
Then, a given amount of distilled water and a 
soluble metal salt (0.1 M) (Table 1) were added 
to the obtained NH4+-SiO2, the mixture was 

stirred for 30 min at room temperature. After 
this time, the mixture was filtered and washed 
with acetone and then dried in the oven for 30 
min. The solid was stored in a polypropylene 
bottle as support. 

General procedure for Diels–Alder reaction under 
solvent-free conditions (in a phase of gel) 

Methyl acrylate (0.9 mL, 10 mmol) was added to 
the dried metal ion-SiO2 (5.5 g) as support in 
dichloromethane (20 mL) and the mixture was 
well stirred at ambient temperature for 45 min. 
Then, the solvent was completely evaporated to 
obtain a dry powder. The mixture was placed in 
a cold bath with a temperature of -20 ºC, then 
freshly distilled cyclopentadiene (2.5 mL, 26 
mmol) was added to it with vigorous stirring for 
45 min. When the addition of cyclopentadiene 
was completed, the reaction was continued for 2 
h at -20 ºC. Finally, the crude product was 
extracted with acetone in a Soxhlet apparatus 
for about 24 h. The yield and diastereoselectivity 
of the product were determined by GC with a 
standard solution of methyl acrylate in 
dichloromethane. 

Results and Discussion 

In this research, the effect of different metal ions 
is investigated in the diastereoselectivity of the 
Diels-Alder reaction. As shown in Table 1, 
different metal ions including NiCl2, CoCl2, CdCl2, 
MnCl2, (NH4)2Fe(SO4)2, CuCl, and CuCl2 were 
used in different volumes to obtain various 
incorporated samples. Then, each metal ion 
loaded onto the pores of silica gel was used as 
catalysts in the Diels-Alder reaction of 
cyclopentadiene and methacrylate to investigate 
their diastereoselectivity (Scheme 1). 

Table 1. Various quantities used for the preparation of silica supports with different concentrations 
of metal ions 

Sample Metal ion 
The volume of 

0.1 M metal 
ion (mL) 

The volume of 
distilled H2O (mL) 

Incorporated metal 
ion onto the silica 

pores (%) 
SiO2 - - - - 

Ni2+@SiO2(50) 
Ni2+@SiO2(60) 
Ni2+@SiO2(80) 

NiCl2 

50 
60 
80 

50 
40 
20 

50 
60 
80 

Co2+@SiO2(50) CoCl2 50 50 50 
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Co2+@SiO2(60) 60 40 60 
Co2+@SiO2(80) 80 20 80 
Cu2+@SiO2(50) 

CuCl2 
50 50 50 

Cu2+@SiO2(60) 60 40 60 
Cu2+@SiO2(80) 80 20 80 
Cu1+@SiO2(50) 

CuCl 
50 50 50 

Cu1+@SiO2(60) 60 40 60 
Cu1+@SiO2(80) 80 20 80 
Fe2+@SiO2(50) 

(NH4)2Fe(SO4)2 
50 50 50 

Fe2+@SiO2(60) 60 40 60 
Fe2+@SiO2(80) 80 20 80 
Mn2+@SiO2(50) 

MnCl2 
50 50 50 

Mn2+@SiO2(60) 60 40 60 
Mn2+@SiO2(80) 80 20 80 
Cd2+@SiO2(1) 

CdCl2 

1 99 1 
Cd2+@SiO2(5) 5 95 5 

Cd2+@SiO2(10) 
Cd2+@SiO2(25) 

10 90 10 
25 75 25 

Cd2+@SiO2(50) 50 50 50 
Cd2+@SiO2(80) 80 20 80 

 

 

Scheme 1. Diels-Alder reaction in the presence of the prepared silica catalysts 

Diastereoselectivity (de) of the prepared 
silica catalyst in Diels–Alder reactions of 
cyclopentadiene and methyl acrylate are 
summarized in Table 2. The reaction was also 
performed in the presence of pure silica, to 
investigate the effect of the metal ions on 
reaction rate. Pure silica conducted the reaction 
to gain a high yield of product but de was poor 
(Table 2, Entry 1). It was observed that 
increasing the incorporated metal ion, leads to 
an increase of the reaction yield as well as de. 

However, there was no significant change of 
yield and de as the incorporated Cu2+ was 
increased. Additionally, small amounts of 
incorporated Cd2+ onto the silica pores were also 
studied, in which the results showed high yield 
with low de (Entries 17-19). Among the tested 
catalysts, the best results were achieved in the 
presence of Cd2+@SiO2(80) (Entry 25). This 
could be due to the concentrating methyl 
acrylates on the surface of silica through 
coordination with Cd2+ (Scheme 2). 

Table 2. Catalytic effect of different silica catalysts in diastereoselectivity of Diels-Alder reaction. 
Entry Catalyst Yield (%) Diastereoselectivity (%) Endo/Exo 

1 SiO2 95 66 83/17 
2 Ni2+@SiO2(50) 96 70 85/15 
3 Ni2+@SiO2(60) 98 82 91/9 
4 Ni2+@SiO2(80) 99 92 96/4 
5 Co2+@SiO2(50) 92 82 91/9 
6 Co2+@SiO2(60) 98 84 92/8 
7 Co2+@SiO2(80) 99 86 93/7 
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8 Cu2+@SiO2(50) 90 78 89/11 
9 Cu2+@SiO2(60) 86 78 89/11 

10 Cu2+@SiO2(80) 90 78 89/11 
11 Cu1+@SiO2(50) 87 76 88/12 
12 Cu1+@SiO2(60) 87 78 89/11 
13 Cu1+@SiO2(80) 91 78 89/11 
14 Fe2+@SiO2(50) 100 86 93/7 
15 Fe2+@SiO2(60) 100 88 94/6 

16 Fe2+@SiO2(80) 100 90 95/5 
17 Mn2+@SiO2(50) 99.5 80 90/10 
18 Mn2+@SiO2(60) 100 84 92/8 
19 Mn2+@SiO2(80) 100 88 94/6 
20 Cd2+@SiO2(1) 96 70 85/15 
21 Cd2+@SiO2(5) 95 72 86/14 
22 Cd2+@SiO2(10) 96 74 87/13 
23 Cd2+@SiO2(25) 96 78 89/11 
24 Cd2+@SiO2(50) 98 86 93/7 
25 Cd2+@SiO2(80) 100 94 97/3 

 

Scheme 2. The effect of Cd2+@SiO2(80) on the diastereoselectivity of Diels-Alder reaction 

Conclusion 

As a conclusion, we applied a mild procedure for 
the diastereoselective Diels-Alder reaction of 
methyl acrylate and cyclopentadiene using a 
modified silica surface with various metal ions 
concentrations of efficient Lewis acid. According 
to the results, cadmium ion supported on the 
silica was the best diastereoselective catalyst in 
this reaction due to the concentrating methyl 
acrylates on the surface of silica through 
coordination with Cd2+. 
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