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Abstract
Silica bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydrogen sulfate ((SB-DABCO)HSO4) was prepared as a new 
interphase dual-catalyst and was successfully applied for the diversity-oriented synthesis of bis(pyrazolyl)methanes via a 
one-pot pseudo-five-component condensation reaction. This approach provides a versatile range of available substrates and 
high diversity of desired products. Moreover, ((SB-DABCO)HSO4) was successfully applied for the synthesis of some novel 
[bis(pyrazolyl)methane]-bis(indole)s as more complex molecules.

Keywords  Interphase catalyst · Silica bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane Hydrogen sulfate · 
Bis(pyrazolyl)methane · Pseudo-five-component reaction · Pyrazolone · Indole

Introduction

Nowadays, environmental care is one of the worldwide 
increasing worries of human society and in the evolution 
towards a sustainable development; catalysis is one of the 
most important tools available to introducing more clear, 
efficient and benign chemical processes. The use of cata-
lyzed systems instead of stoichiometric reagents will provide 
ideal conditions for the application of more benign reaction 
media, minimizing the waste and undesired by-products and 
the reduction of energy consumption. To gain a practical and 
benign catalytic system, the covalent anchoring of soluble 
acid or base catalysts to a heterogeneous recyclable sup-
port in such a way as to preserve its catalytic activity is an 
important challenge in green catalysis [1, 2] and their use-
fulness by means of sustainable chemistry has been studied 
several times [3, 4]. The immobilization of catalytic systems 
onto a large surface area solid carrier such as SiO2 using 
organic species as connectors to create new organic–inor-
ganic hybrids (interphase) is a practical and frequently used 

pathway for the preparation of efficient heterogeneous cata-
lysts [5–12]. An interphase defines as a region in a material 
in which the molecules of a stationary (organic–inorganic 
hybrid catalyst) and mobile component (solvent and reac-
tants) reach each other. To overcome the steric effects of the 
catalyst surface, active sites will be connected to the surface 
of the heterogeneous support with a flexible organic group 
that provides sufficient mobility of the reactive centers [13].

Between various kinds of nitrogen heterocycles, pyrazole 
and its derivatives occupied a special position. They are the 
main backbone of numerous biological active compounds 
and have been used as drug targets in the pharmaceutical 
industries [14–20]. In addition, their derivatives such as 
4,4′-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-
5-ol)s have a broad spectrum of approved biological activ-
ity, being used as anti-inflammatory [21], antipyretic [22], 
gastric secretion stimulatory [23], anti-depressant [24], anti-
bacterial [25] and anti-filarial agents [26].

One useful strategy to gain a versatile library of biologi-
cally active compounds is the diversity-oriented synthesis 
[27–29]. This approach provides a widespread spectrum of 
synthesized compounds with diverse substitution profiles 
using simple starting materials. In this context, multicompo-
nent reactions (MCRs) are of increasing importance due to 
their high efficiency for delivering molecular diversity [30]. 
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More recently, a new pseudo-five-component strategy for the 
synthesis of bis(pyrazolyl)methanes via a one-pot condensa-
tion reaction of aryl aldehydes (1 equivalent), phenylhydra-
zine (2 equivalents) and ethyl acetoacetate (2 equivalents) 
has been reported and immediately attracted some research 
groups to introduce more efficient catalytic systems and 
reaction conditions to improve its efficiency for the diversity-
oriented synthesis of titled compounds [31–37]. However, 
most of the reported catalysts as well as reaction conditions 
suffer from some drawbacks such as harsh reaction condi-
tions [35], no reusability of catalyst [32], tedious work up 
[37], application of hazardous solvents and reagents [37], 
very low diversity of available starting materials [31, 32, 35, 
36] and need to the special instruments [33] etc.

Considering above facts about the various therapeutic 
activities of 4,4′-(arylmethylene)bis(1H-pyrazol-5-ol)s and 
unique advantages of interphase catalysts and in continua-
tion of our works on introducing more efficient and environ-
mentally benign catalytic systems and methods for the fine 
chemical synthesis [38–53], we herein report silica-bonded 
n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydrogen 
sulfate ((SB-DABCO)HSO4) as a new, highly efficient and 
reusable dual-interphase catalyst for the diversity-oriented 
one-pot pseudo-five-component synthesis of bis(pyrazolyl)
methanes. (Scheme 1).

Experimental

All applied solvents and reagents are commercially avail-
able and purchased from Merck, Sigma-Aldrich, Fluka or 
Acros companies. A Büchi B-545 apparatus was applied 
for the melting point determination. All known compounds 
were identified by comparison of their melting points and 1H 
NMR data with those in the authentic samples. The 1H NMR 
(400 and 250 MHz) and 13C NMR (100 and 62.5 MHz) were 
run on Bruker Avance DPX-400 and Bruker Avance DPX-
250 FT-NMR spectrometers. Chemical shifts are given as 
δ values against tetramethylsilane as an internal standard 
and J values are given in Hz. TG analysis was done using 
a METTLER TOLEDO TG analysis instrument at an air 
flow of 3 mL min−1 and temperature ramp of 2 °C min−1. 
The temperature programmed desorption (TPD) of CO2 
was done using a self-made TG instrument. Mass spectra 
were recorded with the Agilent 7000 Series Triple Quad-MS 
apparatus. The microanalysis was performed on a Perkin-
Elmer 240-B microanalyzer. The BET surface area measure-
ments were performed on a Micrometric ASAP 2020 (USA) 
instrument.

The preparation of silica‑bonded 
n‑propyl‑4‑aza‑1‑azoniabicyclo[2.2.2]octane 
chloride (SB‑DABCO)

DABCO (0.56 g, 5 mmol) was added to a 50 mL round-bot-
tom flask contained the suspension of 3-chloropropyl silica 
(1 g) in dried acetone (30 mL) and obtained mixture was 
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Scheme 1   The one-pot pseudo-five-component synthesis of bis(pyrazolyl)methanes in the presence of silica-bonded DABCO hydrogen sulfate 
((SB-DABCO)HSO4)
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vigorously stirred for 36 h at reflux conditions. The reaction 
mixture was cooled to room temperature and obtained solids 
were filtered and washed [acetone (10 mL, two times)]. The 
resulting solid was dried under vacuum at 50 °C for 4 h to 
give SB-DABCO as a white powder (1.158 g) [54].

The preparation of silica‑bonded 
n‑propyl‑4‑aza‑1‑azoniabicyclo[2.2.2]octane 
hydrogen sulfate ((SB‑DABCO)HSO4)

At 0 °C, the solution of H2SO4 (3 mL, 98%) in CH2Cl2 
(20 mL) was added dropwise to a 50 mL round-bottom 
flask contained the suspension of silica-bonded n-propyl-
4-aza-1-azoniabicyclo[2.2.2]octane chloride (SB-DABCO) 
(1 g) in dried CH2Cl2 (20 mL) and the addition continued for 
30 min. During this time, the mixture was stirred vigorously 
and it continued for 12 h. The reaction mixture was filtered 
and washed with methanol (20 mL, three times). The result-
ing solid was dried under reduced pressure at 50 °C for 4 h 
to give ((SB-DABCO)HSO4) as a white powder (1.107 g).

The general procedure for the preparation 
of bis(pyrazolyl)methanes

The catalyst ((SB-DABCO)HSO4) (6 mol%, 0.07 g) was 
added to a 25 mL round-bottom flask contained a solution 
of hydrazine derivative (2 mmol) and β-keto ester (2 mmol) 
in ethanol (10 mL) and resulting mixture was stirred at reflux 
conditions for 10 min. After this time, aldehyde (1 mmol) 
was added to the reaction mixture and stirring was continued 
at reflux conditions and the completion of the reaction was 
monitored by TLC. After completion, insoluble catalyst was 
separated by a simple filtration, and the filtrate was stand at 
room temperature for 12 h, during this time pure crystals of 
desired products were formed. The separated catalyst was 
washed with CH2Cl2 (20 mL), dried under vacuum at 50 °C 
(12 h) and reused.

The general procedure for the preparation 
of 4‑[bis(pyrazolyl)methane]
phenylmethylene‑bis(indole)s

To a mixture of hydrazine derivative (2 mmol), β-keto ester 
(2 mmol) and 4-(di(1H-indol-3-yl)methyl)benzaldehyde 
(1 mmol) and ethanol (10 mL) in a three-neck round-bot-
tom flask, catalyst ((SB-DABCO)HSO4) (6 mol%, 0.07 g) 
was added and the resulting mixture was stirred under the 
nitrogen atmosphere at reflux temperature. After completion 
of the reaction as indicated by TLC, insoluble catalyst was 
separated with a simple filtration and the filtrate was stand 
at room temperature for 12 h, during this time pure crystals 
of desired product were formed. The separated catalyst was 

washed with CH2Cl2 (20 mL), dried under vacuum at 50 °C 
(12 h) and reused.

Selected spectral data

4,4′‑(Phenylmethylene)
bis(1‑phenyl‑3‑propyl‑1H‑pyrazol‑5‑ol) (4g)

White solid, υmax: 3620, 3050, 2980, 1665, 1610, 
1460  cm−1. 1H NMR (400  MHz, DMSO d6): δ 0.91 (t, 
J = 7.5 Hz, 6H), 1.58 (m, 4H), 2.36 (t, J = 7.5 Hz, 4H), 5.67 
(s, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.28 (t, J = 8.0 Hz, 1H), 
7.34 (t, J = 8.0 Hz, 1H), 7.49 (t, J = 8.3 Hz, 2H), 7.60 (t, 
J = 8.3 Hz, 4H), 7.68 (d, J = 8.3 Hz, 4H), 10.60 (s, 1H), 
10.81 (s, 1H), 13C NMR (100 MHz, DMSO d6): δ 13.1, 21.9, 
33.1, 35.9, 118.9, 122.5, 126.3, 128.7, 129.0, 129.4, 137.7, 
138.0, 153.6, 154.7. MS (m/z): 492 (M+).

4,4′‑(Phenylmethylene)
bis(3‑propyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (4 h)

White solid, υmax: 3610, 3070, 2950, 1675, 1605, 1460, 
850  cm−1. 1H NMR (400  MHz, DMSO d6): δ 0.90 (t, 
J = 7.8 Hz, 6H), 1.54 (m, 4H), 2.35–2.39 (m, 10 H), 5.45 
(s, 1H), 7.28–7.31 (m, 3H), 7.38 (t, J = 8.5 Hz, 2H), 7.41 
(d, J = 8.3 Hz, 4H), 7.53 (d, J = 8.3 Hz, 4H), 10.62 (s, 1H), 
10.89 (s, 1H), 13C NMR (100 MHz, DMSO d6): δ 13.4, 21.1, 
22.8, 32.4, 36.0, 119.7, 125.1, 125.4, 128.5, 129.1, 129.7, 
134.3, 135.8, 154.0, 154.7.

4,4′‑(Phenylmethylene)
bis(1‑(4‑methoxyphenyl)‑3‑propyl‑1H‑pyrazol‑5‑ol) (4i)

White solid, υmax: 3610, 3070, 2960, 1675, 1610, 1470, 
1150  cm−1. 1H NMR (400  MHz, DMSO d6): δ 0.91 (t, 
J = 7.5 Hz, 6H), 1.55 (m, 4H), 2.34 (t, J = 7.5 Hz, 4H), 3.81 
(s, 6H), 5.49 (s, 1H), 6.91 (d, J = 8.4 Hz, 4H), 7.23–7.27 
(m, 3H), 7.36 (t, J = 8.4 Hz, 2H), 7.61 (d, J = 8.6 Hz, 4H), 
10.52 (s, 1H), 10.95 (s, 1H), 13C NMR (100 MHz, DMSO 
d6): δ 13.3, 22.8, 32.7, 36.5, 55.9, 112.7, 115.0, 119.3, 125.5, 
128.7, 129.0, 129.9, 153.8, 154.3, 158.3.

4,4′‑(Phenylmethylene)
bis(3‑phenyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (4j)

White solid, υmax: 3640, 3050, 2970, 1670, 1600, 1460, 
810  cm−1. 1H NMR (400  MHz, DMSO d6): δ 2.36 (s, 
6H), 5.46 (s, 1H), 7.21–7.26 (m, 3H), 7.40–7.45 (m, 8H), 
7.51–7.56 (m, 8H), 7.83 (d, J = 8.3, 4H), 10.93 (s, 1H), 
11.31, (s, 1H), 13C NMR (100 MHz, DMSO d6): δ 21.4, 
36.1, 117.5, 125.3, 125.7, 127.3, 128.1, 128.5, 129.3, 129.5, 
129.9, 132.9, 133.9, 135.6, 138.3, 150.1, 152.5.
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4,4′‑((4‑Chlorophenyl)methylene)
bis(1,3‑diphenyl‑1H‑pyrazol‑5‑ol) (4k)

White solid, υmax: 3650, 3040, 2950, 1670, 1620, 1450, 
840, 650 cm−1. 1H NMR (400 MHz, DMSO d6): δ (ppm) 
5.48 (s, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 
2H), 7.41–7.49 (m, 4H), 7.51–7.58 (m, 8H), 7.64 (d, 
J = 8.3 Hz, 4H), 7.81 (d, J = 8.5 Hz, 4H), 10.59 (s, 1H), 
10.90 (s, 1H), 13C NMR (100 MHz, DMSO d6): δ (ppm) 
34.9, 117.8, 122.6, 126.1, 127.8, 128.1, 129.0, 129.3, 
130.1, 131.2, 133.6, 136.0, 137.1, 150.9.

4,4′‑((4‑Bromophenyl)methylene)
bis(1‑(4‑methoxyphenyl)‑3‑propyl‑1H‑pyrazol‑5‑ol) (4l)

White solid, υmax: 3650, 3050, 2940, 1670, 1610, 1460, 
1430, 1250, 630 cm−1. 1H NMR (400 MHz, DMSO d6): 
δ (ppm) 0.91 (t, J = 7.6  Hz, 6H), 1.68 (m, 4H), 2.51 
(t, J = 7.6 Hz, 4H), 3.87 (s, 6H), 5.54 (s, 1H), 6.97 (d, 
J = 8.3  Hz, 4H), 7.16 (d, J = 8.5  Hz, 2H), 7.58 (d, 
J = 8.3 Hz, 4H), 7.79 (d, J = 8.5 Hz, 2H), 10.91 (s, 1H), 
11.61 (s, 1H), 13C NMR (100 MHz, DMSO d6): δ (ppm) 
14.01, 23.01, 33.1, 36.6, 55.5, 112.7, 115.1, 119.3, 120.4, 
129.9, 131.1, 131.4, 154.0, 154.6, 158.3.

4,4′‑(p‑Tolylmethylene)
bis(3‑propyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (4m)

White solid, υmax: 3660, 3030, 2920, 1670, 1610, 1460, 
1430, 650 cm−1. 1H NMR (400 MHz, DMSO d6): δ (ppm) 
0.90 (t, J = 7.6 Hz, 6H), 1.63 (m, 4H), 2.38 (t, J = 7.6 Hz, 
4H), 2.33 (s, 6H), 2.37 (s, 3H), 5.49 (s, 1H), 7.11–7.16 
(m, 4H), 7.38 (d, J = 8.5 Hz, 4H), 7.48 (d, J = 8.5 Hz, 
4H), 10.93 (s, 1H), 11.31 (s, 1H), 13C NMR (100 MHz, 
DMSO d6): δ (ppm) 13.9, 21.4, 21.5, 23.0, 32.7, 36.4, 
119.3, 125.1, 128.9, 129.2, 129.7, 133.9, 135.0, 135.3, 
135.8, 153.7, 154.9.

4,4′‑(Furan‑2‑ylmethylene)
bis(3‑propyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (4n)

White solid, υmax: 3650, 3050, 2970, 1670, 1610, 1465, 
1420, 850 cm−1. 1H NMR (400 MHz, DMSO d6): δ (ppm) 
0.89 (t, J = 7.5 Hz, 6H), 1.61 (m, 4H), 2.29 (s, 6H), 2.41 
(t, J = 7.5 Hz, 4H), 5.51 (s, 1H), 6.12 (d, J = 8.7 Hz, 1H), 
6.38 (t, J = 8.7 Hz, 1H), 7.39 (d, J = 8.0 Hz, 4H), 7.51–7.53 
(m, 5H), 10.81 (s, 1H), 11.02 (s, 1H), 13C NMR (100 MHz, 
DMSO d6): δ (ppm) 13.4, 21.4, 22.8, 27.1, 31.6, 106.5, 
109.1, 119.5, 125.1, 129.3, 134.5, 135.6, 142.7, 152.5, 
154.6, 155.1.

4,4′‑(p‑Tolylmethylene)
bis(3‑phenyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (4o)

White solid, υmax: 3610, 3050, 2960, 1670, 1600, 1470 cm−1. 

1H NMR (400 MHz, DMSO d6): δ (ppm) 2.35 (s, 6H), 2.39 
(s, 3H), 5.41 (s, 1H), 7.11–7.14 (m, 4H), 7.41–7.43 (m, 6H), 
7.49–7.56 (m, 8H), 7.81 (d, J = 8.3 Hz, 4H), 10.61 (s, 1H), 
10.94 (s, 1H), 13C NMR (100 MHz, DMSO d6): δ (ppm) 
21.1, 21.4, 35.6, 117.9, 125.3, 127.6, 128.3, 128.5, 128.9, 
129.1, 129.5, 133.0, 134.3, 135.2, 135.4, 135.9, 150.0, 
152.6.

4,4′‑((4‑Nitrophenyl)methylene)
bis(3‑phenyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (4p)

White solid, υmax: 3600, 3070, 2960, 1670, 1590, 1470, 
750 cm−1. 1H NMR (400 MHz, DMSO d6): δ (ppm) 2.36 (s, 
6H), 5.46 (s, 1H), 7.41–7.49 (m, 8H), 7.50–7.63 (m, 8H), 
7.81 (d, J = 8.1 Hz, 4H), 8.16 (d, J = 8.1 Hz, 2H), 10.6 (s, 
1H), 10.9 (s, 1H), 13C NMR (100 MHz, DMSO d6): δ (ppm) 
21.4, 35.6, 117.9, 124.0, 125.5, 127.1, 128.3, 129.0, 129.5, 
132.7, 133.0, 134.1, 136.1, 144.7, 144.9, 150.1, 152.9.

4,4′‑((3‑Nitrophenyl)methylene)
bis(1‑(4‑methoxyphenyl)‑3‑propyl‑1H‑pyrazol‑5‑ol) (4q)

White solid, υmax: 3620, 3040, 2950, 1665, 1595, 1470 cm−1. 

1H NMR (400 MHz, DMSO d6): δ (ppm) 0.90 (t, J = 7.8, 
6H), 1.67 (m, 4H), 2.55 (t, J = 7.8 Hz, 4H), 3.85 (s, 3H), 5.46 
(s, 1H), 6.97 (d, J = 8.3 Hz, 4H), 7.51–7.68 (m, 6H), 7.93 (t, 
J = 8.5 Hz, 1H), 8.12 (s, 1H), 10.61 (s, 1H), 10.93 (s, 1H), 
13C NMR (100 MHz, DMSO d6): δ (ppm) 13.9, 23.0, 32.1, 
35.6, 56.1, 112.6, 114.6, 119.2, 121.1, 125.3, 129.5, 129.7, 
135.3, 139.1, 147.7, 153.6, 154.5, 158.3.

4,4′‑((4‑Isopropylphenyl)methylene)
bis(1‑(4‑methoxyphenyl)‑3‑propyl‑1H‑pyrazol‑5‑ol) (4r)

White solid, υmax: 3610, 3050, 2950, 1670, 1610, 
1465 cm−1. 1H NMR (400 MHz, DMSO d6): δ (ppm) 0.91 
(t, J = 7.5 Hz, 6H), 1.23 (d, J = 7.5 Hz, 6H), 1.68 (m, 4H), 
2.46 (t, J = 7.5 Hz, 4H), 2.89 (m, 1H), 3.76 (s, 6H), 5.46 (s, 
1H), 6.98 (d, J = 8.3 Hz, 4H), 7.14–7.18 (m, 4H), 7.48 (d, 
J = 8.3 Hz, 4H), 10.64 (s, 1H), 10. 96 (s, 1H), 13C NMR 
(100 MHz, DMSO d6): δ (ppm) 13.8, 23.0, 23.4, 32.3, 33.1, 
36.0, 55.4, 112.5, 114.4, 119.4, 126.3, 128.8, 129.6, 135.0, 
145.9, 153.1, 154.7, 158.4.

4,4′‑((4‑Isopropylphenyl)methylene)
bis(1‑(4‑methoxyphenyl)‑3‑phenyl‑1H‑pyrazol‑5‑ol) (4s)

White solid, υmax: 3610, 3030, 2990, 1670, 1610, 1470, 
655 cm−1. 1H NMR (400 MHz, DMSO d6): δ (ppm) 1.23 



Journal of the Iranian Chemical Society	

1 3

(d, J = 7.5 Hz, 6H), 2.89 (m, 1H), 3.81 (s, 6H), 5.47 (s, 
1H), 6.93 (d, J = 8.6 Hz, 4H), 7.16–7.21 (m, 4H), 7.39 (t, 
J = 8.6 Hz, 2H), 7.50–7.58 (m, 8H), 7.81 (d, J = 8.6 Hz, 4H), 
10.91 (s, 1H), 11.12 (s, 1H), 13C NMR (100 MHz, DMSO 
d6): δ (ppm) 23.4, 33.6, 35.1, 55.9, 112.5, 114.8, 117.9, 
126.0, 127.9, 128.6, 129.1, 129.7, 133.0, 135.2, 145.6, 
149.8, 152.5, 158.3.

4,4′‑((3‑Methoxyphenyl)methylene)
bis(1‑(4‑methoxyphenyl)‑3‑phenyl‑1H‑pyrazol‑5‑ol) (4t)

White solid, υmax: 3610, 3030, 2990, 1670, 1610, 1250, 
870, 780, 690 cm−1. 1H NMR (400 MHz, DMSO d6): δ 
(ppm) 3.76 (s, 6H), 3.79 (s, 3H), 5.47 (s, 1H), 6.79 6.81 (m, 
2H), 6.98–7.06 (m, 5H), 7.19 (t, J = 8.5 Hz, 1H), 7.39 (t, 
J = 8.5 Hz, 2H), 7.51–7.63 (m, 8H), 7.81 (d, J = 8.5 Hz, 4H), 
10.63 (s, 1H), 10.91 (s, 1H), 13C NMR (100 MHz, DMSO 
d6): δ (ppm) 35.6, 55.9, 60.1, 111.3, 112.5, 113.0, 114.9, 
117.9, 121.3, 127.6, 128.4, 129.3, 129.5, 129.8, 133.0, 
139.2, 149.9, 152.7, 158.3, 160.1.

4,4′‑((4‑(Di(1H‑indol‑3‑yl)methyl)phenyl)methylene)
bis(3‑methyl‑1‑phenyl‑1H‑pyrazol‑5‑ol) (6a)

Pink solid, m.p. >300 °C. 1H NMR (250 MHz, DMSO d6): 
δ (ppm) 2.31 (s, 6H), 4.88 (s, 1H), 5.83 (s, 1H), 6.68 (s, 2H), 
7.13–7.98 (m, 22H), 9.31 (s, 2H), 10.67 (s, 1H), 10.90 (s, 
1H), 13C NMR (62.5 MHz, DMSO d6): δ (ppm) 14.5, 36.7, 
53.9, 111.0, 133.3, 118.8, 119.3, 119.8, 122.0, 122.5, 123.7, 
126.9, 127.8, 128.8, 129.3, 129.9, 134.5, 135.1, 136.1, 
136.9, 146.6, 154.5.

4,4′‑((4‑(Di(1H‑indol‑3‑yl)methyl)phenyl)methylene)
bis(3‑methyl‑1‑p‑tolyl‑1H‑pyrazol‑5‑ol) (6b)

Pink solid, m.p. > 300 °C. 1H NMR (250 MHz, DMSO d6): 
δ (ppm) 2.31 (s, 6H), 3.19 (s, 6H), 4.85 (s, 1H), 5.91 (s, 
1H), 6.64 (s, 2H), 7.15–7.92 (m, 20H), 9.42 (br, 2H), 10.67 
(s, 1H), 10.90 (s, 1H), 13C NMR (62.5 MHz, DMSO d6): 
δ (ppm) 14.5, 22.1, 35.6, 53.5, 111.0, 112.7, 119.0, 119.3, 
119.8, 122.0, 12.4, 125.0, 127.8, 128.9, 129.2, 129.9, 135.1, 
135.6, 135.9, 136.3, 136.7, 147.0, 154.1.

4,4′‑((4‑(Di(1H‑indol‑3‑yl)methyl)phenyl)methylene)
bis(1‑(4‑methoxyphenyl)‑3‑methyl‑1H‑pyrazol‑5‑ol) (6c)

Pink solid, m.p. > 300 °C. 1H NMR (250 MHz, DMSO d6): 
δ (ppm) 2.33 (s, 6H), 3.41 (s, 6H), 4.81 (s, 1H), 5.90 (s, 
1H), 6.66 (s, 2H), 6.91–7.84 (m, 20H), 9.50 (br, 2H), 10.51 
(s, 1H), 10.87 (s, 1H), 13C NMR (62.5 MHz, DMSO d6): 
δ (ppm) 14.1, 36.3, 55.5, 56.1, 111.0, 112.6, 112.9, 115.0, 
118.5, 119.3, 119.8, 122.0, 123.1, 126.5, 129.0, 129.5, 
130.1, 135.3, 136.4, 147.2, 153.8, 159.0.

Results and discussions

In the first step, SB-DABCO was prepared using a reported 
procedure [54] and then was treated with H2SO4 to afford 
silica-bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane 
hydrogen sulfate ((SB-DABCO)HSO4) as a white powder 
(Scheme 2).

The catalyst structure was studied with IR spectroscopy 
(Fig. 1). There are seven characteristic peaks in the spec-
trum of ((SB-DABCO)HSO4). The acid O–H stretching at 
3700–3200 cm−1 as a broad band, sp3 C–H stretching at 
2990 cm−1, C–N+ stretching at 1620 cm−1, CH2 bending at 
1460 cm−1, Si–C stretching at 1215 cm−1, Si–O stretching 
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Scheme 2   The preparation of silica-bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydrogen sulfate ((SB-DABCO)HSO4)



	 Journal of the Iranian Chemical Society

1 3

at 1110–1090 cm−1 as a broad bond and S–O stretching at 
870 cm−1.

In another study, the loading level of HSO4
− has been 

determined (using an acid–base titrimetric method) to be 
at around 1.10 mmol g−1, which is in good agreement with 
thermal gravimetric analysis (TGA) as well as elemental 

analysis results. Nitrogen and sulfur content of the silica-
bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydro-
gen sulfate ((SB-DABCO)HSO4) were 2.91% and 3.48%, 
respectively, by conventional elemental analysis. The ther-
mal stability of ((SB-DABCO)HSO4) was also investigated 
and obtained results are demonstrated in Fig. 2.

Fig. 1   The IR spectra of freshly 
synthesized silica-bonded 
n-propyl-4-aza-1-azoniabi-
cyclo[2.2.2]octane hydrogen 
sulfate ((SB-DABCO)HSO4) 
(blue line) and recovered ((SB-
DABCO)HSO4) after eighth 
reuse (red line)

Fig. 2   The TG analysis of silica-bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydrogen sulfate ((SB-DABCO)HSO4)
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The 9.2% weight lost at around 90 °C can be related to 
desorption of water vapor and other volatile organic com-
pounds which have been adsorbed on the catalyst. Follow-
ing the thermogram, the decrease observed in the slope of 
the diagram, starting at around 270 °C can be related to the 
loss of the covalently bounded organic groups. Based on 
the obtained results from the thermogram, the amount of 
organic moiety was about 25% against solid support. Con-
sidering obtained data from TGA and elemental analysis 
the empirical formula of this catalyst can be calculated as 
SiO2·0.087(C9H18N2-HSO4)·0.44H2O.

The basicity of 3-chloropropyl silica (SiPrCl) and silica-
bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydro-
gen sulfate ((SB-DABCO)HSO4) was also compared by the 
temperature programmed desorption (TPD) of CO2 using a 
TGA method. The desorption temperature and amount of 
CO2 desorbed are considered as indexes of base strength and 
total number of base sites, respectively. Fig. 3 shows only 
one major weight loss occurred over SiPrCl at the range of 
220–260 °C, but there are two major weight losses in the 
case of ((SB-DABCO)HSO4), the first occurred between 
240 and 270 °C and the second occurred between 310 and 
350 °C. This is obviously known that TPD could be used to 
evaluate the relative strength of basic sites. Fig. 3 indicates 
that the ((SB-DABCO)HSO4) can be considered as a basic 
catalyst as well as an acid catalyst at the same time according 
to desorption temperature and intensity of CO2 adsorbed.

The N2 adsorption–desorption isotherm and pore size 
distribution of the ((SB-DABCO)HSO4) are presented in 
Fig. 4. As it is clear from Fig. 4, the ((SB-DABCO)HSO4) 
shows a lower BET surface area and average pore size 
(272.10 m2 g−1 and 3.5 nm, respectively) compared with 
silica gel (550 m2 g−1 and 6 nm, respectively). These results 
confirmed the immobilization of (DABCO)HSO4 on the 
surface of silica gel. The narrow pore size distribution of 
(SB-DABCO)HSO4 confirms the uniform immobilization 
of (DABCO)HSO4 on the surface of silica gel.

In the next step, one-pot pseudo-five-component con-
densation reaction of phenylhydrazines (2 equivalents), 
β-ketoesters (2 equivalents) and aldehydes (1 equivalent) for 
the preparation of bis(pyrazolyl)methanes was investigated 
in the presence of ((SB-DABCO)HSO4) as a new interphase 
dual-catalyst. To find the best reaction conditions, the one-
pot condensation of benzaldehyde (1a) (1 mmol, 0.10 g), 
ethyl acetoacetate (2a) (2 mmol, 0.26 g) and phenylhydra-
zine (3a) (2 mmol, 0.21 g) in the presence of ((SB-DABCO)
HSO4) was selected as a model reaction (Scheme 3).

The reaction was examined in the presence of different 
molar ratios of ((SB-DABCO)HSO4) in various solvents at 
different temperatures and obtained results are summarized 
in Table 1.

As it is indicated in Table 1, the best results (maximum 
yield and shortest reaction time) were obtained in the pres-
ence of 6 mol% of the catalyst in ethanol as a solvent at 
reflux temperature. Under these conditions, the correspond-
ing product (4a) was obtained in 86% yield within 40 min 
(Table 1, entry 4). The model reaction was also examined 
in the presence of ((SB-DABCO)HSO4) at various tem-
peratures and in several solvents including CHCl3, CH3CN, 
EtOAc, H2O, CH2Cl2, THF, DMF, DMSO and PEG 200 
(Table 1, entries 11–19). As it is clear from Table 1, ethanol 
was the best solvent for this reaction. Besides, the model 

Fig. 3   The CO2-TPD plots of SiPrCl (blue) and (SB-DABCO)HSO4 
(red)

Fig. 4   The nitrogen adsorption–desorption isotherms (a) and the pore 
size distribution (b) of (SB-DABCO)HSO4
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reaction was examined without the catalyst and only trace 
amounts of desired product were obtained even after a long 
time (Table 1, entry 7). This observation establishes the cru-
cial catalytic role of ((SB-DABCO)HSO4) as a new inter-
phase catalyst for the expedition of the one-pot pseudo-five-
component synthesis of bis(pyrazolyl)methanes.

With optimized conditions in hand and to probe the 
efficiency and the scope of our method, a broad range of 
structurally diverse aldehydes (1) were condensed with 
β-ketoesters (2) and hydrazines (3) to furnish the corre-
sponding bis(pyrazolyl)methanes in high yields and in rela-
tively short reaction times (Scheme 1) and obtained results 
are summarized in Table 2.

As it is shown in Table 2, various β-ketoesters, phenyl-
hydrazines and aryl aldehydes were successfully condensed 
and desired products were obtained in short times and with 
good yields. Moreover, acid-sensitive aldehydes such as fur-
fural and thiophene-2-carbaldehyde have been successfully 
applied without the formation of any by-products (Table 2, 
entries 4 and 14).

Indole derivatives are important class of biologically 
active compounds and have been frequently studied due 
to their unique and extensive biological activities [57]. 
Bis(indolyl)methanes are one of the most important group of 
indole derivatives which are found and isolated from some 
natural sources [58]. These compounds have shown some 
different pharmaceutical activities such as anticancer [59], 
antihyperglycemic, antiviral and antimicrobial properties 
[60] and are known as a promoter of estrogen metabolism 
[61]. The resultant pharmacological interest in compounds, 
which belong to the pyrazole, indole, bis(pyrazolyl)meth-
ane and bis(indolyl)methane families, has led us to apply 
our presented method for the synthesis of some novel 
4-[bis(pyrazolyl)methane]phenylmethylene-bis(indole)s. 
For this, 4-(di(1H-indole-3-yl)methyl)benzaldehyde (7) was 
prepared via the condensation of indole with terephthalal-
dehyde using a reported procedure [62] and was condensed 
with ethyl acetoacetate (2a) and hydrazines (3) under the 
optimized conditions and nitrogen atmosphere (Scheme 4) 
and desired products were successfully obtained in good 
yields after short times.

Although the detailed mechanism of this reaction is 
still not completely clear, the formation of bis(pyrazolyl)
methanes via a one-pot pseudo-five-component conden-
sation reaction between aldehydes (1), β-ketoesters (2) 
and hydrazines (3) could be explained by the reaction 
sequences in Scheme 5. In the first step, a condensation 
of hydrazines (3) with β-ketoesters (2) is proposed to 
give the intermediate (5). After this, the tandem Knoeve-
nagel–Michael reaction of intermediate (5) with aldehydes 
(1) leads to the formation of desired products (4). Based 
on this mechanism, ((SB-DABCO)HSO4) is an effective 
bifunctional catalyst (acid as well as base). Based on our 
suggestion, ((SB-DABCO)HSO4) serves two catalytic 

CHO

O

OO
HN

NH2

+ +
N
N N

N

OHHO
(1a, 1 mmol) (2a, 2 mmol) (3a, 2 mmol) (4a)

Scheme 3   The one-pot condensation of benzaldehyde (1a) (1 mmol, 0.10 g), ethyl acetoacetate (2a) (2 mmol, 0.26 g) and phenylhydrazine (3a) 
(2 mmol, 0.21) in the presence of ((SB-DABCO)HSO4)

Table 1   The one-pot condensation of benzaldehyde (1a) (1  mmol, 
0.10 g), ethyl acetoacetate (2a) (2 mmol, 0.26 g) and phenylhydrazine 
(3a) (2  mmol, 0.21) in the presence of ((SB-DABCO)HSO4) under 
different conditions

a Isolated pure products

Entry Solvent 
(5 mL)

Catalyst 
(mol%)

Temp. (°C) Time (min) Yield (%)a

1 EtOH 3 Reflux 120 41
2 EtOH 4 Reflux 120 45
3 EtOH 5 Reflux 70 86
4 EtOH 6 Reflux 40 86
5 EtOH 7 Reflux 40 85
6 EtOH 8 Reflux 40 86
7 EtOH – Reflux 120 Trace
8 EtOH 6 r.t 120 –
9 EtOH 6 40 120 39
10 EtOH 6 60 40 79
11 CH3Cl 6 Reflux 120 40
12 CH3CN 6 Reflux 120 55
13 EtOAc 6 Reflux 120 35
14 H2O 6 80 120 25
15 CH2Cl2 6 Reflux 120 28
16 THF 6 Reflux 120 Trace
17 DMF 6 80 120 46
18 DMSO 6 80 120 52
19 PEG 200 6 80 120 70
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Table 2   The one-pot multicomponent synthesis of bis(pyrazolyl)methanes in the presence of ((SB-DABCO)HSO4) as a new interphase catalyst

a Isolated yield

Entry R1 R2 R3 Product Time (min) Yield (%)a M.P. (°C)

1 Ph CH3 H 4a 40 86 170–172 (171–172) [55]
2 4-Cl-Ph CH3 H 4b 40 88 211–213 (207–209) [55]
3 4-OEt-Ph CH3 H 4c 100 83 183–184 (185–188) [56]
4 2-Thionyl CH3 H 4d 120 87 193–195 (190–192) [56]
5 3-Br-Ph CH3 H 4e 50 85 171–173 (172–175) [56]
6 4-Me-Ph CH3 H 4f 70 87 202–204 (200–202) [56]
7 Ph CH3CH2CH2 H 4g 45 86 189–191
8 Ph CH3CH2CH2 4-Me 4h 40 87 205–207
9 Ph CH3CH2CH2 4-OMe 4i 40 89 211–213
10 Ph Ph 4-Me 4j 360 83 252–254
11 4-Cl-Ph Ph H 4k 480 85 274–276
12 4-Br-Ph CH3CH2CH2 4-OMe 4l 50 85 261–263
13 4-Me-Ph CH3CH2CH2 4-Me 4m 110 83 245–247
14 2-Furyl CH3CH2CH2 4-Me 4n 100 86 233–235
15 4-Me-Ph Ph 4-Me 4o 480 82 249–251
16 4-NO2-Ph Ph 4-Me 4p 360 87 > 300
17 3-NO2-Ph CH3CH2CH2 4-OMe 4q 35 85 > 300
18 4-CH(CH3)2Ph CH3CH2CH2 4-OMe 4r 100 87 255–257
19 4-CH(CH3)2Ph Ph 4-OMe 4s 480 81 265–267
20 3-OMe-Ph Ph 4-OMe 4t 480 82 284–287

(5, 1 mmol)                    (2a, 2 mmol)           (3, 2 mmol)                                              (6a-c)

+                                +

O O

O

NH
H2N

R

NHHN

N
N N
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RR

R                     H (6a)    CH3 (6b)      OCH3 (6c)

Time (min)         80           60                 50

Yield(%)             83           89                 89

CHO
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Ref. [24]
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Scheme 4   The synthesis of some novel 4-[bis(pyrazolyl)methane]phenylmethylene-bis(indole)s in the presence of ((SB-DABCO)HSO4)
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functions: first, to electrophilically activate the aldehydes 
and carbonyl group of β-ketoesters through the interaction 
between positively charged hydrogen of HSO4

− and the 
carbonyl oxygen, and second, to enhance the nucleophi-
licity of the hydrazines and intermediate (5) through the 
interaction between Cα-H with nitrogen of DABCO-like 
part of the catalyst.

To corroborate the suggested mechanism, a benchmark 
reaction in two steps was carried out. In this regard, ethyl 
acetoacetate (2a, 2 mmol, 0.26 g) was treated with phenyl-
hydrazine (3a, 2 mmol, 0.21 g) under optimized conditions 
and the completion of the reaction was followed by TLC. It 
is found that ethyl acetoacetate was converted to correspond-
ing pyrazolone (3-methyl-1-phenyl-1H-pyrazol-5(4H)-one) 
under applied conditions. In the next step, benzaldehyde 
(1a, 1 mmol, 0.10 g) was added to the reaction mixture and 
resulted mixture was stirred under the optimized conditions 

and finally it has been found that all pyrazolones are con-
verted to the corresponding bis(pyrazolyl)methane (4a).

To examine the possibility of recycling the catalyst, the 
model reaction was run in the presence of recovered cata-
lyst and obtained results are summarized in Fig. 5. Upon 
completion of reaction, insoluble catalyst was separated by 
simple filtration, washed with CH2Cl2 and dried at 50 °C 
under reduced pressure for 12 h. The filtrate was stand at 
room temperature for 12 h and during this time pure crys-
tals of desired product were formed. The recovered cata-
lyst was reused ten times in the condensation reaction of 
benzaldehyde (1a, 1 mmol, 0.10 g), ethyl acetoacetate (2a, 
2 mmol, 0.28 g) and phenylhydrazine (3a, 2 mmol, 0.21 g) 
and smooth loss of catalytic activity was observed from the 
eighth time of reuse (Fig. 4). Moreover, the IR spectrum of 
recovered catalyst after the eighth time of reuse was com-
pared with the IR spectrum of freshly synthesized catalyst 
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(Fig. 1). As it is clear from Fig. 1, there are no differences 
between the two IR spectra, so it is expressible that the cat-
alyst structure is stable under the applied conditions even 
after the eighth time of reuse.

Conclusions

In summary, an efficient protocol for the one-pot synthesis 
of bis(pyrazolyl)methane derivatives via a multicomponent 
reaction of β-ketoesters (2 equivalents), phenylhydrazines 
(2 equivalents) and aryl aldehydes (1 equivalent) has been 
described using silica-bonded n-propyl-4-aza-1-azoniabi-
cyclo[2.2.2]octane hydrogen sulfate ((SB-DABCO)HSO4) 
as a recoverable and heterogeneous interphase catalyst. 
Mild reaction conditions, versatile range of available sub-
strates and high diversity of products, operational simplicity, 
enhanced rates and high isolated yields of pure products 
are significant advantages of the protocol described here. 
This easy removal and reusability of the catalyst makes this 
method a better choice for chemical industries. Moreover, 
some novel 4-[bis(pyrazolyl)methane]phenylmethylene-
bis(indole)s as more complex molecules were synthesized 
successfully.
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