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ABSTRACT A new 2-hydroxyethylammonium mesylate ionic liquid (HEAM IL) was immobilized on SBA-15 as an 
efficient, green, and powerful catalyst for the preparation of new 4-aryl-2,6-di(pyren-1-yl)pyridines (4a-f) under mild 
and solvent‐free reaction conditions. For this purpose, HEAM IL was first synthesized through the reaction between 
ethanolamine and methanesulfonic acid and then immobilized into the chloropropyl modified ordered mesochannels of 
SBA-15. After the successful characterization of the catalyst, the efficiency of SBA-15/HEAM was investigated in the one-
pot three-component synthesis of 2,4,6-triaryl pyridine derivatives with 1- acetylpyrene, aryl aldehydes, and ammonium 
acetate under solvent-free conditions. This catalytic system was efficiently reused for nine consecutive runs.

INTRODUCTION

In recent years, ionic liquids (ILs) possess unique and 
tunable properties for a wide array of applications. Due to 
the low vapor pressure, high electrochemical stability, low 
flammability, high intrinsic ionic conductivity, and tunable 
solubility for various materials, they have attracted huge 
academic and industrial interests.[1-3] Interestingly, the 
desirable properties of ILs could be attained by adjusting 
the chemical structure and functionality of their anions 
and cations and/or their appropriate mixing with other ILs 
and special solvents.[2,4,5] The various kind of ILs has been 
synthesized and used as a green replacement of common 
solvents or promising catalytic media in the modern synthesis 
of organic and inorganic compounds and other applications 

such as photochemistry, biotechnology, separation, fuel 
cells, electrolytes of batteries, and solar cells.[6-12] In general, 
ILs can be divided in two main categories according to 
their chemical properties: Protic ILs (PILs)[2] and aprotic 
ILs (AILs).[13] The chemical structure of AILs consists 
of bulky organic cations and diverse range of inorganic 
anions. Substituted imidazolines, alkyl pyridiniums, and 
trialkylamines as counter ions in the presence of inorganic 
anions were reported for AILs. The PILs are produced 
through reaction between appropriate Brønsted bases 
and Brønsted acids. Various substituted amines as cations 
and organic deprotonated acids as anions were used for 
the synthesis of PILs.[14] Furthermore, simple synthetic 
procedure and low cost of PILs are the useful advantages 
for large scale applications.[15] Various methods have been 
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reported for the synthesis of PILs with different anions and 
cations.[16,17] The anions of PILs have important roles in 
catalysis, absorption, biomass pretreatment, etc.[18-20] Based 
on literature, kinds of ILs have been used in multicomponent 
reactions (MCRs),[21] nitration reaction,[22] Diels–Alder 
reaction,[23] condensation reactions,[24] and etc.[25] However, 
the widespread use of ILs is affected by some disadvantages 
such as high viscosity, difficulty of isolation of the products, 
recovery, and handling of the catalyst. The use of diverse 
range of supports for immobilization of ILs can help to 
overcome these disadvantages. In this regard, a variety of 
supports have been introduced for the immobilization of 
ILs such as silica,[26] polymers,[27] carbon,[28] and magnetic 
materials.[29] The immobilization strategy can enhance the 
reactivity and selectivity of catalysts.[30-34]

Pyridine and its derivatives as important N-containing 
heterocycles found in different fields such as natural 
products and pharmaceuticals.[35] Among the pyridine 
family, Substituted Krӧhnke pyridines (2,4,6-triarylpyridine 
derivatives) have been utilized as intermediates in the 
synthesis of therapeutic drugs, insecticides, herbicides, 
and surfactants,[36] chemosensors,[37] ligands,[38] and 
photosensitizers.[39] Various synthetic routes were reported 
for producing of these scaffolds which most of them 
relied on the catalyzed cyclocondensation of aldehydes, 
ketones, and ammonium salt as the nitrogen source.
[40] The reaction of benzyl amines and ketones through 
oxidative cleavage of C–N bonds[41] and reaction of benzyl 
halides with acetophenone[42] were also reported for the 
synthesis of 2,4,6-triarylpyridines. MCR of acetophenones, 
benzaldehydes, and ammonium acetate as an important and 
effective pathway for the synthesis of 2,4,6-triarylpyridines 
was reported through ILs,[43] PEG1000-DAIL,[44] PFPAT,[45] 
MIL-101-SO3H,[46] DPTA,[47] ZrOCl2,

[48] or TiO2-SO3H
[49] 

catalyzed reactions. These methods encounter some 
drawbacks such as a large amount of catalyst, commercially 
unavailable catalysts, long reaction times with low yields 
and high reaction temperatures. Based on this knowledge, 
the development of simple and efficient catalytic procedures 
is still in demand.

In this paper, we report a convenient and facile one-
pot procedure for the synthesis of aryl (pyren-1-yl)
pyridine derivatives by the reaction of 1-acetylpyrene, 
aryl aldehydes, and ammonium acetate in solvent-free 
condition. Herein, we wish to introduce a new strategy 
for synthesis of a 2-hydroxyethyl ammonium mesylate 
modified SBA-15 silica mesoporous as a novel and 

recyclable heterogeneous catalyst. The catalytic activity 
of SBA-15/2-hydroxyethylammonium mesylate (HEAM) 
was studied for the preparation of aryl(pyren-1-yl)pyridine 
derivatives. The porous surface of SBA-15 was modified 
with 3-chloropropyltrimethoxysilan (CPTMS) groups, 
which was then converted to the 2-hydroxyethyl ammonium 
mesylate groups (Scheme 1).

RESULTS AND DISCUSSION

A new HEAM immobilized mesoporous SBA-15 catalyst 
was prepared. In the first step, SBA-15 with high surface 
area as porous support was synthesized. The synthesized 
SBA-15 was functionalized with CPTMS and then reacted 
with prepared HEAM to produce ILs functionalized SBA-
15 (SBA-15/HEAM). The preparation steps of catalyst are 
shown in Scheme 2.

The CHNS elemental analysis was used to measure the 
content of carbon, nitrogen, and sulfur elements of catalyst 
which was presented in Table 1. The results confirm the 
elemental composition of immobilized organic moieties 
into the porous structure of catalyst. The amount of loaded 
HEAM ILs from carbon, nitrogen, and sulfur percent for 
final SBA-15/HEAM catalyst was calculated approximately 
0.5 mmol/g. The nitrogen adsorption-desorption study was 
used for the textural analysis of catalyst (Table 2). The 
specific surface area, pore size, and pore volume of SBA-15, 
SBA-15/Cl, and SBA-15/HEAM samples were measured. 
The SBA-15 has a specific surface area of 835.5 m2/g which 
was decreased to 712.3 and 546.6 m2/g for SBA-15/Cl and 
SBA-15/HEAM, respectively. The observed trend confirms 
the immobilization of organic moieties into the porous 
structure of catalyst in each synthetic pathway. Furthermore, 
it is clear that the pore size and pore volume of the catalyst 
was decreased in each modification step. Based on these 
results, the pore volume of the final catalyst was 0.89 cm3/g, 
which is sufficient for catalytic performance.

For the thermal stability study of nano-catalyst and 
calculation of the amount of ILs on the surface of SBA-
15/HEAM, TGA was carried out in a static N2 atmosphere 
(Figure 1). In the TGA curve of the final catalyst, different 
weight loss steps were observed in the temperature region 
of 30–800°C. Probably, the weight loss up to 150°C was 
due to the surface adsorbed water molecules (about 4 
wt.%). About the 13 wt.% of weight loss was observed at 
200–600°C which was attributed to the decomposition of 
surface organic groups of catalyst. These results are in good 
agreement with CHNS elemental analysis.
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Scheme 1: SBA-15/2-hydroxyethylammonium mesylate catalyzed synthesis of 4-aryl-2,6-di(pyren-1-yl)pyridines (4a-f)



Mohammad Reza Asaadi et al.

� 191

The chemical structure of SBA-15, SBA-15/Cl, and 
SBA-15/HEAM was studied by FT-IR spectrum (Figure 2). 
An intense absorption peak at 1100 cm−1 was attributed 
to the asymmetric vibration of Si-O-Si bonds in the FTIR 
of SBA-15 (Figure 2a). The characteristic symmetric 
stretching vibration peak of Si-OH bonds was observed as 
a small bond at about 955 cm−1 in the FTIR of SBA-15. The 
asymmetric vibration of SiO-H groups was observed in the 
3000–3750 cm−1 region as a very broad absorption band. 
These results in comparison with literature confirm the 
successful synthesis of SBA-15 mesoporous. [33,34] The FTIR 
spectrum of SBA-15/Cl showed the characteristic peaks of 
SBA-15 with some changes (Figure 2b). The intensity of 
small Si-OH bonds and broad SiO-H bonds was decreased 
in the FTIR spectrum of SBA-15/Cl and SBA-15/HEAM 
(Figure 2b and c) in comparison with SBA-15 spectrum 
which is evidence for immobilization of mentioned organic 
groups. The asymmetric stretching vibration of aliphatic 
CH groups was appeared in the 2800–3000 cm−1 region 
(Figure 2b). In addition to the mentioned characteristic 
peaks, the FT-IR spectrum of SBA-15/HEAM showed the 
sharpening band around 2800–3600 cm−1 and 1020 due 
to the asymmetric stretching vibration of ammonium and 
sulfonic groups. The N–H plane bonding vibrations were 
appeared at 1600 cm−1. Probably, the observed change in the 
intensity of vibrational peaks between 1100 and 1500 is due 
to the S=O and C-N stretching vibrations (Figure 2c).[50]

The TEM and SEM images were used for size and 
morphology study of SBA-15 and SBA-15/HEAM 
catalyst (Figure 3). A highly ordered mesoporous structure 
of SBA-15 was illustrated at TEM image of SBA-15 in 
Figure 3a. The presence of straight channels arraying 
along the long axis confirms the characteristic long-chain 
structure of SBA-15. The highly ordered mesopores 
arranged structure of SBA-15/HEAM was clearly 
observed in Figure 3b. Figure 3 images confirm that the 
structural orderliness of bare SBA-15 is still retained after 
chemical immobilization of HEAM ILs. The SEM image 
of SBA-15/HEAM given in Figure 3b show consists of 
many worm-like domains which were referred to SBA-15 
structure.[33]

After thorough characterization of the catalyst, catalytic 
performance of the SBA-15/HEAM as a IL-functionalized 
silica mesoporous catalyst was investigated to find the 
optimal reaction conditions in terms of the amount of 
catalyst, solvent, and temperature in the case of new 4-aryl-
2,6-di(pyrene-1-yl)pyridine derivatives 4a-f (Scheme 1). 
The one-pot three-component reaction of 1-actylpyrene, 
benzaldehyde, and ammonium acetate was selected 
as a model reaction. The effect of reaction parameters 
and obtained experimental results in the case of model 

reaction is summarized in Table 2. The model reaction was 
examined without catalyst, with SBA-15 (50 mg) and SBA-
15/HEAM (20 mg) in polar and non-polar solvents at reflux 
condition (Table 2, entries 1-9). The results showed that the 
corresponding product was produced in a significant 96% 
of yield in solvent-free conditions (Table 1, entries 10). The 
highest yield and shortest reaction time were achieved in the 
presence of 5 mg of SBA-15/HEAM at 60°C under solvent-
free condition (Table 2, entry 13).

Subsequently, after the optimization of reaction conditions 
in the model reaction, the efficacy and applicability of 
SBA-15/HEAM as a IL functionalized SBA-15 catalyst in 
the preparation of new 4-aryl-2,6-di(pyrene-1-yl)pyridine 
derivatives were illustrated. Various arylaldehydes with 
electron-donating and electron-withdrawing groups were 
treated with 1-actylpyrene and ammonium acetate to furnish 
the corresponding products 4a-f with high yields and short 
reaction times. The experimental data from this new protocol 
are summarized in Table 3.

All of the products were characterized by their melting 
points, FTIR, mass analysis, and NMR spectral and elemental 
analytical data. The recovery and reusability of the catalyst 
were also studied which is an important factor for industrial 
applications and green chemistry point of view. For this 
purpose, a set of experiments were tested to recover and 
reutilize the catalyst in the model reaction. After each catalytic 
cycle, the catalyst was easily filtered from the reaction mixture 
and washed 3 times with ethanol then dried at 60°C in the oven 
for 2 h. Next model reaction was started using the recovered 
catalyst and fresh substrates. This process was repeated for 
nine consecutive runs without a significant decrease of catalytic 
activity (Figure 4). The yield of the final product was decreased 
from 95% to 81%. The observed decrease in catalytic activity 
can be attributed to the catalyst poisoning which is caused by 
chemical compounds. Furthermore, leaching of the active ionic 
centers of catalyst in interaction with substrates causes the 
activity loss during the recyclability study of catalyst.

EXPERIMENTAL

Materials and apparatus

All starting materials and solvents were obtained from 
Merck and Sigma-Aldrich applied without additional 
purification. For morphology and size study, transmission 
electron microscopy (TEM) and scanning electron 
microscope (SEM) experiments were conducted on a Leo 
912AB microscope operated at 120  kV and Leo 1450VP, 
respectively. The thermal stability and percentage weight loss 
of organic functionality were measured by thermal gravimetric 
analysis (TGA) (Mettler Toledo LF). Fourier-transform 

Table 1: Elemental composition and nitrogen adsorption-desorption analysis of the catalyst
Sample Ca (wt%) Na (wt%) Sa (wt%) SBET

b (m2/g) dc (nm) Vd (cm3/g)
SBA-15 - - - 835.5 6.4 1.78

SBA-15/Cl 5.1 - - 412.3 5.7 1.21

SBA-15/HEAM 11.2 4.4 2.3 546.6 4.5 0.89
aBased on CHNS analysis, bSurface area, cPore size, dPore volume. HEAM: 2-hydroxyethylammonium mesylate
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infrared (FT-IR) spectra were collected on a Bruker Tensor 
27 spectrometer on KBr discs. 1H and 13C nuclear magnetic 
resonance (NMR) spectra were measured on a Bruker 300 
DRX Avance instrument using DMSO-d6as solvent and 
tetramethylsilane as an internal standard. Elemental analysis 
was performed on a Thermo Finnigan Flash EA microanalyzer. 
Melting points were measured on Stuart SMP3 apparatus.

Preparation of HEAM

In a 500  mL round-bottomed flask equipped with a 
dropping funnel, 200  mL methanol as the solvent and 
0.1 mol of methanesulfonic acid were mixed and then 
0.1 mol monoethanolamine solution was added drop by drop 
in the ice bath stirring. The reaction mixture was stirred at 
room temperature for 24 h. Then, the solvent was removed 
and the final HEAM was obtained which was dried out in a 
vacuum drying oven.

Procedure for construction of SBA-15 mesoporous

Ordered silica mesoporous (SBA-15) was prepared 
according to the previously reported procedure.[33] 2.0 g of 

pluronic P123 and 15 g of ultrapure water were stirred at 
room temperature and 60 g aqueous solution of HCl (2 M) 
was added and stirred for 30 min. In the next step, 4.25 g 
of tetraethyl orthosilicate was added to the above solution 
and reacted for 20 h. Then, the mixture was aged at 80°C 
for 24 h. The final white powder was filtered and washed 
with water before calcination at 500°C for 6 h (heating rate 
of 1°C.min−1).

Procedure for construction of SBA-15/HEAM

One gram of activated SBA-15 was dispersed in 30 mL 
of dry toluene and 1 mmol of CPTMS was added drop by 
drop before refluxing at 110°C for 6 h. The white powder 
named SBA-15/Cl was filtered and washed with toluene and 
ethyl acetate 3 times. In the final step, 1.5 mmol of HEAM 
and 1  g of SBA-15/Cl were dispersed with ultrasonic in 
dry toluene for 60 min. The resulting mixture was heated 
at 60°C for 12  h. Soxhlet extraction in dry toluene was 
performed for removal of residual organic moieties. The 
white solid named SBA-15/HEAM dried in oven at 60°C 
for 2 h.

Scheme 2: Preparation of SBA-15/2-hydroxyethylammonium mesylate

Table 2: Optimization of the reaction conditions for the synthesis of 2,4,6-triarylpyridine derivative 4ca

Entry Catalyst Catalyst amount (mg) Solvent Temperature (°C) Time (min) Yield (%)b

1 - - H2O reflux 500 10

2 SBA-15 50 H2O reflux 300 30

3 SBA-15/HEAM 20 H2O reflux 80 85

4 SBA-15/HEAM 20 DMSO reflux 90 85

5 SBA-15/HEAM 20 DMF reflux 100 75

6 SBA-15/HEAM 20 EtOH reflux 80 80

7 SBA-15/HEAM 20 H2O/EtOH reflux 100 80

8 SBA-15/HEAM 20 n-hexane reflux 400 trace

9 SBA-15/HEAM 20 CH2Cl2 reflux 400 trace

10 SBA-15/HEAM 20 - 100 80 96

11 SBA-15/HEAM 10 - 80 80 96

12 SBA-15/HEAM 10 - 60 80 96

13 SBA-15/HEAM 5 - 60 80 95

14 SBA-15/HEAM 5 - r.t 400 -
aReaction conditions: benzaldehyde (1 mmol), 1-actylpyrene (2 mmol), ammonium acetate (1.5 mmol) and catalyst (x mg). bIsolated yields. 
HEAM: 2-hydroxyethylammonium mesylate
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General procedure for synthesis of 4-aryl-2,6-
di(pyren-1-yl)pyridines(4a-f)

In a test tube, 1- acetylpyrene 1 (2 mmol), aryl aldehyde 
2a-f (1 mmol), ammonium acetate 3 (2 mmol), and 5 mg of 
SBA-15/HEAM catalyst were mixed, under stirring with a 
magnetic stirrer, the obtained reaction mixture was heated 
at 60°C in solvent-free conditions for appropriate times 
(Table 3). After the completion of the reaction (monitored 
by thin-layer chromatography using a mixture of n-hexane 
and ethyl acetate as eluent), 10 mL hot DMSO was added 
to the mixture and catalyst was separated from the reaction 
mixture by simple filtration and washed 3 times with ethanol 
and recovered for subsequent reaction. The crude product 
was recrystallized from DMSO to give pure compounds 4a-f.

Characterization data

4-(4-Methoxyphenyl)-2,6-di(pyren-1-yl)pyridine (4a)

Yield 68%, brown powder, mp 140–143°C, IR spectrum, 
ν, cm−1:  3038 (arom-CH), 1593, 1514, 1249, 1178, 1032, 
840; 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 3.85 
(s, 3H, OCH3), 7.11–8.68 (m, 12H, arom-H); 13C NMR 
(DMSO-d6), δ, ppm: 55.80, 115.15, 121.42, 124.45, 124.68, 
125.39, 125.68, 126.04, 126.91, 127.85, 128.45, 128.63, 
129.22, 129.93, 130.82, 131.38, 131.41, 136.23, 148.89, 
159.65, 160.97; Mass spectrum (EI, 70 eV), m/z: 585.2 [M]+; 
Found, %: С 89.18; Н 4.38; N 2.31. C44H27NO. Calculated, 
%: C 90.23; H 4.65; N 2.39; O 2.73.

2,6-Di(pyren-1-yl)-4-p-tolylpyridine (4b)

Yield 65%, brown powder, mp 129–131°C, IR spectrum, 
ν, cm−1: 3038 (arom-CH), 1591, 1535, 1393, 1185, 842; 1H 
NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 2.41 (s, 3H, 
CH3), 7.39–8.69 (m, 12H, arom-H); 13C NMR (DMSO-d6), δ, 
ppm: 21.18, 119.27, 122.49, 124.17, 124.38, 125.80, 126.59, 
126.76, 127.31, 127.66, 129.57, 130.69, 132.77, 132.92, 
133.18, 139.01, 139.70, 149.95, 159.02; Mass spectrum (EI, 
70 eV), m/z: 569.2[M]+; Found, %: С90.08; Н4.53; N2.36. 
C44H27N. Calculated, %: C 92.76; H 4.78; N 2.46.
4-Phenyl-2,6-di(pyren-1-yl)pyridine (4c)

Yield 79%, light green powder, mp 199–202°C, IR spectrum, 
ν, cm−1: 3036 (arom-CH), 1589, 1538, 1396, 840, 757, 716; 1H 
NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 7.56-8.71 (m, 
10H, arom-H); 13C NMR (DMSO-d6), δ, ppm: 122.10, 124.46, 
124.70, 125.41, 125.70, 126.07, 126.93, 127.85, 127.94, 
128.43, 128.52, 128.64, 129.76, 129.96, 130.83, 131.39, 
131.47, 136.08, 137.94, 149.43, 159.76; Mass spectrum (EI, 
70 eV), m/z: 555.1[M]+; Found, %: С90.87; Н4.46; N 2.45. 
C43H25N. Calculated, %: C 92.94; H 4.53; N 2.52.
4-(4-Chlorophenyl)-2,6-di(pyren-1-yl)pyridine (4d)

Yield 82%, yellow powder, mp 160–163°C, IR spectrum, 
ν, cm−1: 3041(arom-CH), 1593, 1537, 1493, 1386, 1093, 838; 
1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 7.62–8.69 
(m, 12H, arom-H); 13C NMR (DMSO-d6), δ, ppm: 121.95, 
124.42, 124.67, 125.38, 125.70, 126.07, 126.92, 127.83, 
128.44, 128.51, 128.63, 128.68, 129.67, 129.77, 130.80, 
131.36, 131.48, 134.89, 135.93, 136.69, 148.10, 159.81; 
Mass spectrum (EI, 70 eV), m/z: 589.1[M]+; Found, %: 
С86.14; Н3.97; N 2.29. C43H24ClN. Calculated, %: C 87.52; 
H 4.10; Cl 6.01; N 2.37.

Figure 1: Thermogravimetric analysis curve of SBA-15/2-
hydroxyethylammonium mesylate

Figure 2: Fourier-transform infrared of (a) SBA-15, 
(b) SBA-15/Cl, (c) SBA-15/2-hydroxyethylammonium 

mesylate

a

b

c
Figure 3: TEM image of (a) SBA-15, (b) SBA-15/2-

hydroxyethylammonium mesylate (HEAM) and SEM 
image of (c) SBA-15/HEAM

a b

c
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4-(4-Bromophenyl)-2,6-di(pyren-1-yl)pyridine (4e)

Yield 86%, orang powder, mp 217–219°C, IR spectrum, 
ν, cm−1: 3037 (arom-CH), 1592, 1536, 1490, 1380, 1011, 
837; 1H NMR spectrum (DMSO-d6), δ, ppm (J, Hz): 
7.77–8.69 (m, 12H, arom- H); 13C NMR (DMSO-d6), δ, 
ppm: 121.93, 123.64, 124.42, 124.66, 125.40, 125.73, 
126.10, 126.96, 127.85, 128.16,128.47, 128.54, 128.63, 
128.70, 130.09, 130.81, 131.26, 131.37, 131.49, 132.42, 
132.63, 135.93, 137.10, 148.21, 159.84; Mass spectrum 
(EI, 70 eV), m/z: 633.1[M]+; Found, %: С80.24; Н3.75; 
N 2.13. C43H24BrN. Calculated, %: C 81.39; H 3.81; Br 
12.59; N 2.21.

4-(4-Nitrophenyl)-2,6-di(pyren-1-yl)pyridine (4f)

Yield 72%, dark green powder, mp 206–209°C, IR 
spectrum, ν, cm−1: 3043 (arom-CH), 1590, 1520, 1344, 1112, 
846; 1H NMR spectrum (DMSO-d6), δ, ppm: 7.82–8.71 (m, 
12H, arom-  H); 13C NMR (DMSO-d6), δ, ppm: 117.23, 
119.29, 122.47, 124.20, 124.41, 125.38, 125.76, 126.63, 
126.81, 127.66, 130.69, 132.77, 132.92, 133.20, 138.98, 
140.43, 149.82, 159.15; Mass spectrum (EI, 70 eV), m/z: 
600.1[M]+; Found, %: С84.88; Н3.95; N 4.53. C43H24N2O2. 
Calculated, %: C 85.98; H 4.03; N 4.66; O 5.33.

CONCLUSIONS

In summary, the HEAM IL was prepared and successfully 
immobilized into the modified surface of SBA-15 
mesoporous silica. The catalytic applicability of prepared 
SBA-15/HEAM was explored in the construction of new 
4-aryl-2,6-di(pyren-1-yl)pyridinesunder mild and solvent-
free reaction conditions. All of the desired pyridine 
derivatives were produced in high yields 90–95% and short 

reaction time (70–90 min) at 60°C which indicates the high 
catalytic activity of this catalyst.
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