Tetrahedron Letters 51 (2010) 692-694

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

Silica-bonded S-sulfonic acid: an efficient and recyclable solid acid catalyst
for the synthesis of 4,4'-(arylmethylene)bis(1H-pyrazol-5-ols)

Khodabakhsh Niknam *, Dariush Saberi, Mohsen Sadegheyan, Abdollah Deris

Chemistry Department, Faculty of Sciences, Persian Gulf University, Bushehr 75169, Iran

ARTICLE INFO ABSTRACT

Article history:

Received 19 September 2009
Revised 24 November 2009
Accepted 25 November 2009

Available online 29 November 2009 yields.

Keywords:

Silica-bonded S-sulfonic acid

Aldehydes
4.4’-(Arylmethylene)bis(1H-5-pyrazol-5-ols)
5-Methyl-2-phenyl-2,4-dihydro-3H-
pyrazol-3-one

Silica-bonded S-sulfonic acid (SBSSA) is employed as a recyclable catalyst for the condensation reaction of
aromatic aldehydes with 3-methyl-1-phenyl-5-pyrazolone. This condensation reaction was performed in
ethanol under refluxing conditions giving 4,4'-alkylmethylene-bis(3-methyl-5-pyrazolones) in 75-90%
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1. Introduction

Pyrazoles are an important class of bio-active drug targets in the
pharmaceutical industry, as they are the core structure of numerous
biologically active compounds.'~3 For example, they exhibit anti-
anxiety, antipyretic, analgesic, and anti-inflammatory properties.
2,4-Dihydro-3H-pyrazol-3-one derivatives including 4,4'-(arylm-
ethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ols) have a broad
spectrum of approved biological activity, being used as anti-inflam-
matory,* antipyretic,®> gastric secretion stimulatory,® antidepres-
sant,” antibacterial®, and antifilarial agents.® Moreover, the corre-
sponding 4,4'(arylmethylene)-bis-(1H-pyrazol-5-ols) are applied
as fungicides,'® pesticides,!! insecticides'?, and dyestuffs'>~!>, and
as the chelating and extracting reagents for different metal ions.'®!”

The conventional chemical approach to 4,4’-(arylmethyl-
ene)bis(3-methyl-1-phenyl-pyrazol-5-ols) involves the successive
Knoevenagel synthesis of the corresponding arylidenepyrazolones
and its base-promoted Michael reaction, and also one-pot tandem
Knoevenagel-Michael reaction of arylaldehydes with 2 equiv of 5-
methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one performed under
a variety of reaction conditions.'®!° The first set of procedures uti-
lizes the catalysis of the components with piperidine in ethanolic
solution.2%2! The second set of methods involve the non-catalyzed
tandem Knoevenagel-Michael reaction under neutral conditions in
either ethanol?? or benzene?? solutions. Although it affords the cor-
responding 4,4'-(arylmethylene)bis(1H-pyrazol-5-ols) in reliable
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70-90% yields, the reaction requires 3-12 h of initial reflux with
a further 24 h under ambient temperature to go to completion.
Wang et al.? reported its synthesis in water using sodium dodecyl
sulfate as the surfactant catalyst over a one-hour period, but the
process needs a temperature of 100 °C. Finally, Elinson et al. uti-
lized electrocatalytic procedure for its synthesis.?> Further, Peru-
mal and co-workers reported the synthesis and antiviral activity
of 4,4-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ols)
using CAN as a catalyst.2® However, most of the methods suffer
from at least one limitation that may include moderate yields, long
reaction times, harsh reaction conditions, or tedious workup
procedures.

In continuation of our work to develop new catalysts for
organic transformations,2’~>! herein we report mild, efficient, and
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Scheme 1. Preparation of silica-bonded S-sulfonic acid (SBSSA).
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Table 1
Condensation reaction of p-chlorobenzaldehyde with 5-methyl-2-phenyl-2,4-dihy-
dro-3H-pyrazol-3-one in the presence of different amounts of catalysts®

Entry Catalyst Catalyst loading (g) Time (min) Yield”
1 No catalyst - 24h <10

2 SBSSA 0.05 100 80

3 SBSSA 0.1 50 90

4 Zeolite-HY 0.1 120 45

5 Zeolite-HY 0.2 120 71

6 Zeolite-HY 0.3 120 87

7 Amberlyst 0.1 120 35

8 Amberlyst 0.2 120 55

9 Amberlyst 0.3 120 73

2 Reaction conditions: p-chlorobenzaldehyde (1 mmol), 5-methyl-2-phenyl-2,4-
dihydro-3H-pyrazol-3-one (2 mmol), EtOH (10 ml), reflux conditions.
b Isolated yield.
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Scheme 2. Synthesis of 4,4'-(arylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-
5-ols) derivatives catalyzed by SBSSA.

environmentally friendly solid acid catalyst for the preparation
of 4,4-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ols)
from aromatic aldehydes and with 2 equiv of 5-methyl-2-phenyl-
2,4-dihydro-3H-pyrazol-3-one in the presence of silica-bonded S-
sulfonic acid (SBSSA) in ethanol under refluxing conditions.

Recently, we reported the preparation of silica-bonded S-sulfonic
acid (SBSSA) and used it as a catalyst for the synthesis of 1,1-diace-
tates,?” quinoxaline,® and coumarin derivatives?® (Scheme 1).

To study the effect of catalyst loading on the condensation reac-
tion of aromatic aldehydes with 3-methyl-l-phenyl-5-pyrazolone,
the reaction of p-chlorobenzaldehyde and 5-methyl-2-phenyl-
2,4-dihydro-3H-pyrazol-3-one was chosen as a model reaction
(Table 1). The results clearly show that SBSSA is an effective
catalyst for this condensation, and in the absence of SBSSA the con-
densation reaction gave very low yield after 24 h. Although lower
catalyst loading of 0.05 g of SBSSA accomplished this condensation,
however, 0.1 g of SBSSA per 1 mmol of aldehyde was optimum in
terms of reaction time and isolated yield. Also, the results of this
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Figure 1. Recyclability of SBSSA (0.1 g) in the reaction of p-chlorobenzaldehyde
(1 mmol) and 5-methyl-2-phenyl-2,4-dihydro-3Hpyrazol-3-one (2 mmol) in EtOH
under refluxing conditions. Reaction time = 120 min.

condensation in the presence of commercially available solid acids
such as amberlyst and zeolite-HY are shown in Table 1.

Therefore, we employed the optimized conditions (0.1 g mmol !
of SBSSA in ethanol under refluxing conditions) for the condensation
reaction of various aryl aldehydes with 3-methyl-1-phenyl-5-pyraz-
olone into the corresponding 4,4’-(arylmethylene) bis (3-methyl-1-
phenyl-1H-pyrazol-5-ols) (Scheme 2).

As shown in Table 2, both aromatic and heteroaromatic
aldehydes reacted with 3-methyl-I-phenyl-5-pyrazolone to afford
4,4'-(arylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ols) in
excellent yields. On the other hand, benzaldehydes with electron-
donating or electron-withdrawing groups, that is, 3,4-dimethoxy-
benzaldehyde 3j or 4-nitrobenzaldehyde 3g, were condensed into
the corresponding 4,4’-(arylmethylene)-bis-(3-methyl-1-phenyl-
1H-pyrazol-5-ols) 5j and 5g in high yields. The acid-sensitive
substrate thiophene-2-carbaldehyde 3m was converted into the
corresponding product 5m in 75% yield (80% conversion) without
any by-products (Table 2, entry m).

The possibility of recycling the catalyst was examined using the
reaction of p-chlorobenzaldehyde and 5-methyl-2-phenyl-2,4-
dihydro-3H-pyrazol-3-one under the optimized conditions. Upon
completion, the reaction mixture was washed with warm ethanol
(3 x 30 mL). The recovered catalyst was washed with diethyl
ether, dried, and reused for subsequent runs. The recycled catalyst
could be reused four times without any additional treatment. No

Table 2

Preparation of 4,4'-(arylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ols) derivatives catalyzed by SBSSA in ethanol under refluxing conditions®
Entry Ar (3) Product 5 Time (min) Yield® (%) Mp (°C) Lit. mp (°C)
a CeHs— 5a 120 80 170-172 171-172%
b 4-Me-CsHa- 5b 60 82 202-204 203"
c 4-Cl-CeHy~ 5¢ 50 90 215-217 210"
d 2-Cl-CgH4— 5d 80 78 235-237 236-237%4
e 2,.4-(Cl),-CgHs— 5e 240 82 227-229 228-230%4
f 4-0,N-CgHy— 5f 40 90 225-227 224-226%*
g 3-0,N-CgHy— 5g 70 83 151-153 149-150%
h 4-HO-CgHy- 5h 100 82 155-157 152-153%
i 3-HO-CgH4- 5i 160 90 165-168 —
j 3,4-(Me0),-CgH3— 5j 120 80 195-197 -
k 4-MeS-CgHy— 5k 40 84 201-203 —
1 4-(CN)-CeHy— 51 50 90 210-212 —
m 2-Thienyl- 5m 240 75 (80)° 181-183 =

2 Reaction conditions: aromatic aldehyde (1 mmol), 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2 mmol), EtOH (10 ml), reflux conditions.

b Isolated yield.
¢ Conversion.
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observation of any appreciable loss in the catalytic activity of
SBSSA was made (Fig. 1).

In conclusion, we have prepared some new 4,4’-(arylmeth-
ylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ols) by a tandem
condensation reaction of aromatic aldehydes with 2 equiv of
5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one in the presence
of silica-bonded S-sulfonic acid in refluxing ethanol.

All the products were characterized by comparison of their IR,
'H NMR, and 3C NMR spectroscopic data and their melting points
with the reported values.3? Silica-bonded S-sulfonic acid (SBSSA)
was prepared according to our previously reported procedure.?”?
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. pH Analysis of the SBSSA. To an aqueous suspension of 0.1 g SBSSA, NaOH

(1.8 mL, 0.1 M) was added. This is equal to a loading of 1.8 mmol SOsH g~". So,
all the SH functional groups in 3-mercaptopropylsilica 1 were sulfonated.
According to our previous reports,?”® the loading of 3-mercaptopropylsilica 1
is 0.33 mmol/g.General procedure: A mixture of aromatic aldehyde (1 mmol), 5-
methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2 mmol) and SBSSA (0.1 g) in
ethanol (10 mL) were added to a flask and heated under refluxing conditions
for an appropriate time. After the completion of the reaction, as indicated by
TLC, the reaction mixture was washed with warm ethanol (3 x 30 mL). After
cooling, the crude products were precipitated. The crude products were
purified by recrystallization from ethanol (95%). The recovered catalyst was
washed with diethyl ether, dried, and reused for subsequent runs.
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