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Cellulose sulfuric acid is an efficient metal-free catalyst for the synthesis of 1,3,5-trisubstituted pyrazoles via the condensation of

1,3-diketones and hydrazines. The reaction was carried out in the solvent-free condition at room temperature and the products were isolated

in good to excellent yields. Mild reaction conditions, as well as the ease of operation and workup are some advantages of the proposed

protocol.
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INTRODUCTION

Pyrazole derivatives have a wide range of biological
activities. They can be used as anti-inflammatory [1],
antipyretic [2], antidepressant [3], anti-rheumatoid arthritis
[4], antibacterial [5], antitumor [6], antipsychotic [7],
antimicrobial [8], antifungal [9] and anthelmintic activity
[10]. The synthesis of pyrazoles can be achieved by several
different routes [11-15]. Pyrazoles can be synthesized via
condensation of 1,3-diketones and hydrazines in the
presence of inorganic supports, acidic catalyst such as
silica-supported sulfuric acid [16], and polystyrene sulfonic
acid [17]. Cellulose is one of the most abundant natural
biopolymers in the world which has been in the center of
attention over the past several decades owing to its
biodegradablity and a renewable resource [18]. Its unique
properties make it an attractive alternative to conventional
organic or inorganic supports in catalytic applications.
Recently, cellulose sulfuric acid (CSA) has emerged as a
promising biopolymeric solid-support acid catalyst for
acid-catalyzed reactions, such as the synthesis of o-amino
nitriles [18], aryl-14H-dibenzo[a.j]xanthenes [19], 1,4-
[20], (21],

dihydropyridines Pechmann condensation
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thiadiazolo benzimidazoles [22], imidazoazines [23],
quinolines [24] and 3,4-dihydropyrimidine-2(1H)-ones [25].

EXPERIMENTAL

Materials and Methods

All chemicals used in this study were purchased from
the chemical companies Fluka, Merck and Aldrich. The
products were characterized by elemental analysis, IR, 'H
NMR, and “C NMR spectra. IR spectra were run on a
Bruker, Eqinox 55 spectrometer. 'H NMR and C NMR
spectra were obtained using a Bruker Avans with 400 and
100 MHz (or 500 and 125 MHz), respectively. The
elemental analyses were done by Costech ECS 4010
CHNS-O analyser. Melting points were determined by a
Buchi melting point B-540 B.V.CHI apparatus.

General Procedure

Catalyst preparation. Chlorosulfonic acid (1.00 g, 9
mmol) was added drop wise to a magnetically stirred
mixture of cellulose (5.00 g, cellulose microcrystalline,
Merck) at 0 °C during 2 h. After that, the mixture was
stirred for 2 h until HC1 was removed from the reaction
vessel. Then, the mixture was washed with methanol (30 ml)

and dried at room temperature to obtain cellulose sulfuric
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Table 1. Synthesis of 1,3,5-Triphenyl-pyrazole in Various Conditions®

Entry Catalyst Solvent Conditions  Time Yield Ref.
©® (min)  (%)°
1 Cel.sul. acid® (0.10) H,O (25 ml) r.t. 150 52 -
2 Cel.sul. acid (0.10) H,0 (25 ml) Reflux 120 74 -
3 Cel.sul. acid (0.10) Chloroform (25 ml) r.t. 150 33 -
4 Cel.sul. acid (0.10) Chloroform (25 ml) Reflux 120 57 -
5 Cel.sul. acid (0.10) Ethanol (25 ml) r.t. 150 67 -
6 Cel.sul. acid (0.10) Ethanol (25 ml) Reflux 120 80 -
7 Cel.sul. acid (0.10) Solvent-free r.t. 150 96 -
8 Cel.sul. acid (0.10) Solvent-free r.t. 120 95 -
9 Cel.sul. acid (0.05) Solvent-free r.t. 120 90 -
10 Cel.sul. acid (0.15) Solvent-free r.t. 120 96 -
11 Cel.sul. acid (0.15) 2nd run Solvent-free r.t. 120 94 -
12 Cel.sul. acid (0.15) 3nd run Solvent-free r.t. 120 94 -
13 Cel.sul. acid (0.15) 4nd run Solvent-free r.t. 120 93 -
14 Cellulose microcrystalline Solvent-free r.t. 120 24 -
(0.10)
15 Cellulose microcrystalline Ethanol (25 ml) Reflux 120 45 -
(0.10)
16 Without Catalyst Ethanol (25 ml) Reflux 120 45 -
17 Si0,Cl Solvent free 120 °C 120 80 [29]
18 Zn[(L)proline]2 H,O r.t. 300 90 [30]
19 Hi4[NaPsW300110] Ethanol Reflux 7.5 91.5 [31]
20 37% P,05-Si0, Solvent-free 120 °C 120 86 [32]

Phenylhydrazine (2 mmol) with 1,3-diphenyl-1,3-propanedione (2 mmol). °Cellulose sulfuric acid.
“Isolated yield.
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Scheme 1. Synthetic route for 1,3,5-triphenyl-pyrazole

Table 2. Synthesis of 1,3,5-Trisubstituted Pyrazoles in the Presence of Cellulose Sulfuric Acid

Entry R R’ R’ R* Time Yield M.p.
(%)* (°O)
1 CeH; C¢Hs 2,4-(NO,),CsH; 130 96 149-150
2 CeH; CH; 2,4-(NO,),CsH; 120 93 128-130
3 CH; CH; 2,4-(NO,),CsH; 115 95 121-122
4 CH; Cl CH; 2,4-(NO,),CsH; 110 90 167-168
5 CeH; C¢Hs CeH, 120 95 137-138
6 CeH; CH; CeH, 120 90 55-57
7 CH; Cl CH; CeH, 110 94 0il
8 CeH; C¢Hs H 130 81 200-201
9 CeH; CH; H 125 89 203-205
10 CeH; C¢Hs 2-C1-C¢H, 130 94 126-127
11 CH; Cl CH; 4-Br-C¢H, 110 90 87-88
12 CeH; C¢Hs 4-Br-C¢H, 110 93 117-119
13 CeH; C¢Hs 4-Me-CgH, 100 92 104-105
Isolated yield.

acid as white powder (5.28 g) [18].

General procedure for the synthesis of pyrazole
derivatives. A mixture of 1,3-diketone (2 mmol), hydrazine
derivatives (2 mmol) and cellulose sulfuric acid (0.10 g)
was stirred magnetically at room temperature. The progress
of the reaction was monitored by TLC. After the completion
of the reaction, the mixture was washed with chloroform
and filtered to recover the catalyst. The filtrate was
evaporated and the crude product was recrystallized from
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iso-propanol to afford the pure pyrazoles derivatives.

RESULTS AND DISCUSSION

Homogeneous acidic catalysts such as H,SO,, etc, are
commonly used for the synthesis of pyrazole derivatives
[26]. However, the above-mentioned catalysts have several
disadvantages because they are corrosive, toxic or volatile,
and generate large amounts of waste [27]. Consequently, the
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synthetized cellulose sulfuric acid was applied as a new
catalyst for the synthesis of pyrazoles derivatives. This
reagent is ideal for ‘green chemistry’, due to its non-toxicity
and environmentally friendly feature. Also, these catalysts
can be recovered and reused several times without a
decrease in activity [28]. Initially, the synthesis of 1,3,
5-triphenyl-pyrazole using phenylhydrazine (2 mmol) with
1,3-diphenyl-1,3-propanedione (2 mmol) was investigated
for optimization of the reaction under the various conditions
(Table 1). The reaction was done at different temperatures
and various molar ratios of substrates in the presence of
cellulose sulfuric acid. The optimum conditions of 25 °C
(room temperature), 120 min, a ratio of 1,3-diketone
(mmol):hydrazine derivatives (mmol):cellulose sulfuric acid
(g) equal to 2:2:0.10 were achieved, respectively for
temperature, time, and the mole ratio of 1,3-diketone
(mmol):hydrazine derivatives (mmol). Herein, we introduce
cellulose sulfuric acid as an efficient catalyst for the
synthesis of pyrazole derivatives which is comparable with
some other catalysts (Table 1, entries 17-20). The reusability
of the catalyst was also investigated. After each run, the
mixture was washed with chloroform and filtered to recover
the catalyst. Methanol was used to remove tars from the
catalyst surface and the catalyst residue was washed with
CH,Cl, and reused (Table 1, entries 11-13). In order to
investigate the catalytic activity of cellulose sulfuric acid,
the reaction was catalyzed with cellulose and without
catalyst (Table 1, entries 14-16).

The applicability of the present method to a large scale
of 24-
dinitrophenylhydrazine and 20 mmol of 1,3-diphenyl-

process was examined with 20 mmol
1,3-propanedione under thermal conditions which gave
1-(2,4-dinitrophenyl)-3,5-diphenyl-pyrazole in 94% yield.
The current method is simple, efficient and fast for the
synthesis of pyrazoles via the condensation of 1,3-diketones
and hydrazines .Various hydrazines were used as substrates
for the synthesis of pyrazoles under mild conditions,
(Scheme 1 and Table 2). In all cases, the three-component
reaction proceeded smoothly to give the corresponding
pyrazoles in moderate to good yields. In summary, we have
described that cellulose sulfuric acid is an efficient and
natural biopolymer catalyst for the synthesis of pyrazoles
derivatives.
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CONCLUSIONS

In conclusion, cellulose sulfuric acid was applied for the
preparation of pyrazoles in a simple and straightforward
protocol. This reagent is ideal for ‘green chemistry’, due to
its non-toxicity and environmentally friendly features. High
yields, scale-up, simplicity of operation, easy work-up, and
green conditions are the advantages of this protocol.

ACKNOWLEDGEMENTS

The Research Council of University of Jiroft University
is gratefully acknowledged for the financial support for this
work.

REFERENCES

[11  Z.Q. Jiang, S.J. Ji, J. Lu, JM. Yang, Chin. J. Chem.

23 (2005) 1085.

[2] P.Kar, B.G Mishra, Chem. Eng. J. 223 (2013) 647.

[3] S. Song, Z. Shan, Y. Jin, Lett. Org. Chem. 7 (2010)
64.

[4] M.R. Islami, E. Mosaddegh, Phosphorus, Sulfur
Silicon Relat. Elem. 184 (2009) 3134.

[5] N.K Terrett, Comb. Chem. Online J. 14 (2012) 5.

[6] D.M. Pore, K.A. Undale, B.B. Dongare, U.V. Desai,
Catal. Lett. 132 (2009) 104.

[71 G Sabitha, K. Arundhathi, K. Sudhakar, B.S. Sastry,
J.S. Yadav, Synth. Commun. 39 (2009) 433.

[8] M. Seifi, H. Sheibani, Catal. Lett. 126 (2008) 275.

[91 N. Thomas, S.M. Zachariah, Asian J. Pharm. Clin.
Res. 6 (2013) 11.

[10] Y. Torisawa, T. Nishi, J.I. Minamikawa, Org. Process
Res. Dev. 5 (2001) 84.

[11] PH. Tran, F. Duus, T.N. Le, Tetrahedron Lett. 53
(2012) 222.

[12] J. Trujillo-Reyes, V. Séanchez-Mendieta, A. Colin-
Cruz, R. Morales-Luckie, Water Air Soil Pollut. 207
(2010) 307.

[13] S. Tu, S. Wu, S. Yan, W. Hao, X. Zhang, X. Cao, Z.
Han, B. Jiang, F. Shi, M. Xia, J. Zhou, J. Comb.
Chem. 11 (2009) 239.

[14] S. Tu, J. Zhang, X. Zhu, J. Xu, Q. Wang, Acta



[15]

[16]

[17]

[18]

[19]
[20]

(21]

[22]
(23]

Natural Biopolymers is an Efficient Catalyst/Org. Chem. Res., Vol. 3, No. 2, 145-149, September 2017.

Crystallogr. Sect. Sect. E: Struct. Rep. Online. 61
(2005) 0983.

K. Turnbull, J.A. Fisher, Bismuth Triflate Catalyzed
Friedel-Crafts Acylations of Sydnones, 2005, pp.
ORGN.

AK. V.a, K. Mohan, S. Riyaz, J. Mol. Model. 19
(2013) 3581.

H. Hagiwara, A. Numamae, K. Isobe, T. Hoshi, T.
Suzuki, Heterocycles 68 (2006) 889.

B. Leroy, I.LE. Mark6, Tetrahedron Lett. 42 (2001)
8685.

S. Vidal, Synlett. (2001) 1194.

M.D. Carrigan, D. Sarapa, R.C. Smith, L.C. Wieland,
R.S. Mohan, J. Org. Chem. 67 (2002) 1027.

M.V. Reddy, S.D. Dindulkar, Y.T. Jeong, Tetrahedron
Lett. 52 (2011) 4764.

S. Antoniotti, Synlett. (2003) 1566.

R. Ramachandran, S.

Jayanthi, Y.T. Jeong,

149

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

[32]

Tetrahedron. 68 (2012) 363.

M.D. Carrigan, K.J. Eash, M.C. Oswald, R.S.
Mohan, Tetrahedron Lett. 42 (2001) 8133.

L. Wu, W. Ma, L. Yang, F. Yan, Asian J. Chem. 22
(2010) 6053.

Z.-X. Wang, H.-L. Qin, Green Chem. 6 (2004) 90.
B.B.F. Mirjalili, A. Bamoniri, A. Akbari, Tetrahedron
Lett. 49 (2008) 6454.

R.H. Vekariya, H.D. Patel, ARKIVOC: Online J. Org.
Chem. 2015 (2015).

D.V. Jawale, U.R. Pratap, J.R. Mali, R.A. Mane,
Chin. Chem. Lett. 22 (2011) 1187.

M. Kidwai, A. Jain, R. Poddar, J. Organomet. Chem.
696 (2011) 1939.

A. Gharib, M. Jahangir, J.W. Scheeren, Synth.
Commun. 43 (2013) 309.

A. Bamoniri, B.F. Mirjalili, A.A. Jafari, F. Abasaltian,
Iran. J. Catal. 2 (2012) 75.



