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Abstract An efficient solvent-free protocol for the synthesis of 4,40-(arylmethylene)-

bis(3-methyl-1-phenyl-1H-pyrazol-5-ol)s via one-pot pseudo five-component conden-

sation reaction of phenyl hydrazine, ethylacetoacetate, and aryl aldehydes in the pres-

ence of acetic acid functionalized pyridinium salt (1-(carboxymethyl)pyridinium

chloride {[cmpy]Cl}) as reusable catalyst has been reported. Moreover,1 H and13C

NMR, mass, CHN analysis, Fourier transform infrared spectroscopy, scanning electron

microscope, X-ray diffraction analysis, and calculation of interplaner distance of the

catalysts have been studied in this work.
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Introduction

Ionic liquids (based on organic cations such as imidazolium or pyridinium) have

received considerable interest as eco-friendly solvents, catalysts and reagents in

organic synthesis due to their unique properties, including low volatility, non-

flammability, high thermal stability, negligible vapor pressure, and ability to

dissolve a wide range of materials [1–9]. Among them, Brønsted acidic ionic

liquids, with the useful properties of solid acids and mineral liquid acids, have been

introduced to replace the traditional mineral liquid acids like sulfuric acid and

hydrochloric acid in chemical procedures [10–25].

Multi-component reactions (MCRs) have a significant role in combinatorial

chemistry, in which three or more starting materials react to generate a product, where

basically all ormost of the atoms contribute to the newly obtained product. Also,MCRs

offer some advantages of simplicity and formation ofthe main product without yield of

side products and lead to the formation of interesting heterocyclic rings [26–31].

The most common protocol for the synthesis of 4,40-(arylmethylene)bis(1H-

pyrazol-5-ol)s is one-pot three-component condensation reaction of aldehydes with

3-methyl-1-phenyl-5-pyrazolone. This protocol was reported using various catalysts

such as [Dsim] AlCl4 [18], [Pyridine–SO3H]Cl [25], THSB [32], SASPSPE [33], (AP-

SiO2) [34], N-(3-Silicapropyl)-N-methyl imidazolium hydrogen sulfate ([Sip-

mim]HSO4) [35], 2-hydroxy ethylammonium propionate [36], N,N-diphenyl-N0-
picrylhydrazyl (DPPH), 2,20-azino-bis(3-ethylenzothiazoline-sulphonic acid), and

diammonium salt (ABTS?) [37] . However, limited methods have been introduced

Scheme 1 The structures of
[cmpy]Cl

Scheme 2 The synthesis of 4,40-(arylmethylene)-bis(3-methyl-1-phenyl- 1H-pyrazol-5-ol)s
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for the preparation of these compounds via one-pot pseudo five-component conden-

sation reaction of phenylhydrazine, acetoacetate derivatives, and arylaldehydes [38–

40]. Because of the importance of these compounds, the introduction of amilder, faster,

and more eco-friendly method accompanied with higher yields is still needed.

Herein, we have utilized acetic acid functionalized pyridinium salt (1-

(carboxymethyl)pyridinium chloride {[cmpy]Cl}) (Scheme 1) as an efficient

catalyst for the preparation of 4,40-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyra-

zol-5-ol)s by the one-pot pseudo five-component condensation reaction of phenyl

hydrazine and b-ketoesters derivatives with aromatic aldehydes at 110 �C under

solvent-free conditions (Scheme 2).

Experimental

Materials

All chemicals were purchased from Merck or Fluka Chemical Companies. The

known products were identified by comparison of their melting points and spectral

data with those reported in the literature.

Scheme 3 The synthesis of 1-(carboxymethyl)pyridinium chloride {[cmpy]Cl}

Fig. 1 IR spectrum of 1-(carboxymethyl)pyridinium chloride {[cmpy]Cl}
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Procedure for the synthesis of 1-(carboxymethyl)pyridinium chloride
{[cmpy]Cl}

A mixture of pyridine (0.010 mol) and ethyl chloroacetate (0.010 mol) was stirred

and heated at 70 �C for 24 h, during which time the reaction mixture turned to an

orange viscous liquid. The liquid was washed with diethyl ether (3 9 30 mL) and

dried under vacuum for 2 h. Then, a solution of HCl 37 % (0.011 mol) was added to

the prepared liquid and refluxed for 30 min. Finally, the solvent was removed under

reduced pressure and the remaining solid was washed with diethyl ether to give the

product as a white powder.

1-(carboxymethyl)pyridinium chloride IR (Nujol): 696, 895, 1375, 2650–3550,

3056 cm-1; 1H NMR (400 MHz, DMSO-d6): d (ppm) 5.72 (S, 2H), 8.23 (t,

J = 7.00 Hz, 2H), 8.69 (t, J = 7.00 Hz, 1H), 8.94 (d, J = 6.80 Hz, 2H), 13.57 (s,

1H);13C NMR (75 MHz, DMSO-d6): d (ppm) 61.0, 128.1, 146.6, 146.8, 168.0; MS:

m/z = 173 (M?); CHN Analysis: Anal. Calcd for C7H8ClNO2: C, 48.93; H, 4.74; N,

8.14. Found: C, 48.43; H, 4.64; N, 8.07.

Fig. 2 1H NMR spectra of 1-(carboxymethyl)pyridinium chloride {[cmpy]Cl} in DMSO-d6 as solvent
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Fig. 4 The XRD pattern of 1-(carboxymethyl)pyridinium chloride [cmpy]Cl

Fig. 3 13C NMR spectra of 1-(carboxymethyl)pyridinium chloride {[cmpy]Cl} in DMSO-d6 as solvent

Cyclocondensation-Knoevenagel–Michael Domino reaction… 4763

123



General procedure for the synthesis of 4, 40-(arylmethylene)- bis (3-methyl-
1-phenyl-1H-pyrazol-5-ol)s using 1-(carboxymethyl)pyridinium chloride
{[cmpy]Cl}

A mixture of ethylacetoacetate (2 mmol), phenyl hydrazine (2 mmol), and

[cmpy]Cl (10 mol%) in a 10 mL round-bottomed flask connected to a reflux

condenser, was stirred at 110 �C for 30 s and then aromatic aldehyde (1 mmol) was

added to the reaction mixture and continued for the appropriate time. After

completion of the reaction, as monitored by TLC, the reaction mixture was cooled

to room temperature and recrystallized from ethanol (95 %).

Results and discussion

1-(Carboxymethyl)pyridinium chloride {[cmpy]Cl} was prepared by the reaction of

pyridine with ethyl chloroacetate at 70 �C and then hydrolysation the first product

was done. The structure of it was identified by1 HNMR,13CNMR, IR and mass as

well as elemental analysis in a great similarity with previous literature (Scheme 3).

The IR spectrum of [cmpy]Cl has been displayed in Fig. 1. The broad peak at

2408–3056 cm-1 can be related to O-H stretching of the COOH group. Moreover,

the peak observed at 1375 cm-1 corresponds to vibrational modes of C=O bond of

the COOH group. On the other hand, the C–H stretching vibrations of the pyridine

ring in 1-(carboxymethyl)pyridinium chloride appeared at 3056 cm-1 and C–H

bending vibrations of the pyridine ring in [cmpy]Cl observed at 696 and 895 cm-1.

These mentioned peaks clearly confirmed the structure of [cmpy]Cl.

The structure of [cmpy]Cl was confirmed by NMR studies. The important peak in
1H NMR spectra of the [cmpy]Cl is related to the acidic hydrogen of COOH, which

Table 1 XRD data for the

catalyst
Entry 2h Interplaner

distance (nm)

1 8.9 0.0992

2 18.2 0.4868

3 20.4 0.4350

4 24.7 0.3601

5 25.4 0.3502

6 27.4 0.3251

7 28.7 0.3107

8 29.9 0.2985

9 31.8 0.2811

10 32.0 0.2756

11 33.1 0.2703

12 35.1 0.2553

13 37.9 0.2371
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was observed at 13.57 ppm (Fig. 2). Also, in 13C NMR spectra of [cmpy]Cl, the

peaks related to the methylene group and carbonyl group were observed at 61.08

and 168.01 ppm, respectively. The peaks related to pyridine ring were observed at

128.15, 146.69 and 146.85 ppm (Fig. 3).

XRD patterns of 1-(Carboxymethyl)pyridinium chloride {[cmpy]Cl} were

studied in a domain of 3�–90� (Fig. 4). As shown in Fig. 4, XRD pattern of

1-(Carboxymethyl)pyridinium chloride {[cmpy]Cl exhibited diffraction lines of a

Fig. 5 The SEM images of [cmpy]Cl
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highly crystalline nature at 2h & 8.9�, 18.2�, 20.4�, 24.7�, 25.4�, 27.4�, 28.7�,
29.9�, 31.8�, 32.0�, 33.1�, 35.1�, 37.9�, and several small lines in the 40�–808 range.
Interplaner distance studies of the catalyst could be worked out in the 8.9�–37.9�,
and results have been displayed in Table 1. As an example, calculations for the

highest diffraction line 25.4� proved that an interplaner distance of 0.3502 nm (see

the same highest diffraction line at 25.4�) was calculated to be via the Bragg

equation:

dhkl ¼ k= 2sinhð Þ;

(k: Cu radiation (0.154178 nm) were obtained.

In another investigation, scanning electron microscope (SEM) of [cmpy]Cl was

also studied. The SEM micrographs of the catalyst showed that the particles had not

completely agglomerated. According to SEM micrographs, the particles of the

catalyst were observed in micro scales (Fig. 5).

Table 2 Optimization of the amount of [cmpy]Cl and the reaction temperature for the preparation of

4,40-(phenylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ol)

Entry Catalyst Catalyst amount (mol%) Temperature (oC) Time (min) Yielda (%)

1 [cmpy]Cl 5 110 50 70

2 [cmpy]Cl 7 110 35 78

3 [cmpy]Cl 15 110 17 82

4 [cmpy]Cl 10 110 17 82

5 [cmpy]Cl 10 60 70 75

6 [cmpy]Cl 10 80 40 78

7 [cmpy]Cl 10 100 30 82

8 [cmpy]Cl 10 120 17 82

9 [cmpy]Clb 15 110 120 15

a Isolated Yield
b In this reaction 4-chlorobenzaldehyde was used

Table 3 Effect of various solvents on the reaction of dimedone (1 mmol), benzaldehyde (1 mmol), ethyl

acetoacetate (1 mmol), and ammonium acetate (1.2 mmol), in the persence of [cmpy]Cl (10 mol %)

Entrya Solvent Time (min) Yieldb (%)

1 CHCl3 40 35

2 EtOAc 40 45

3 EtOH 40 30

4 H2O 40 15

5 CH3CN 40 25

6c – 17 82

a All reactions were carried out at at reflux conditions
b Isolated yield
c The reaction proceeded in the absence of solvent
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Table 4 The solvent-free synthesis of 4,40-(arylmethylene)-bis (3-methyl-1-phenylpyrazol-5-ol)

derivatives from phenylhydrazine, ethylacetoacetate, and aryl aldehydes catalyzed by [cmpy]Cl at 110 �C

Entry Product Time (min) Yielda (%) M.p. �C (Lit.)

1 17 82 166–169 (170–172) [34]

2 8 87 238–240 (235–236) [25]

3 5 92 214–217 (215–217) [34]

4 7 85 227–230 (221–223) [25]

5 13 82 258–266 (266–268) [34]

6 20 80 200–202 (202–204) [34]

7 7 85 249–252 (248–250) [25]
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After characterization of [cmpy]Cl, we examined the catalytic activity of the

catalyst for the preparation of 4, 40-(arylmethylene)-bis(3-methyl-1-phenyl-1H-

pyrazol-5-ol)s. In this regard, the condensation of ethylacetoacetate (2 mmol),

phenyl hydrazine (2 mmol) with benzaldehyde (1 mmol), as a model reaction, was

Table 4 continued

Entry Product Time (min) Yielda (%) M.p. �C (Lit.)

8 3 90 205–208 (210–212) [34]

9 7 88 215–218 (214–219) [25]

10 10 85 230–235 (232–238) [25]

11 20 73 134–139 (133–141) [25]

12 15 88 204–207(203–207) [25]

13 5 92 147–151(143–150) [25]

a Isolated yield
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tested in the presence of different amounts of [cmpy]Cl, at a range of 60–120 �C
under solvent-free conditions (Scheme 1). The results are depicted in Table 2.

Table 2 indicates that higher yield and shorter reaction time were obtained using

10 mol% of catalysts at 110 �C under solvent-free conditions. No improvement in

the reaction results was observed by increasing the amount of the catalysts and the

temperature. The reaction was also tested without the catalyst. In this case the

reaction proceeded with 15 % of yield after 120 min.

To compare the efficiency of the solution versus solvent-free conditions, a

mixture of ethylacetoacetate (2 mmol), phenyl hydrazine (2 mmol) with

Scheme 4 The plausible
mechanism for the synthesis of
4,40-(arylmethylene)-bis(3-
methyl-1-phenyl-1H-pyrazol-5-
ol)s using [cmpy]Cl
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benzaldehyde (1 mmol), as the model reaction, using [cmpy]Cl in some various

solvents was heated in an oil-bath (50 �C). Low yields of the product were isolated,

even after elongated reaction times. Using solvents, such as CHCl3, EtOAc, EtOH,

H2O, and CH3CN, the product was obtained in low yields (Table 3).

After optimization of the reaction conditions, to explore the efficiency and the

scope of the presented protocol, a mixture of ethylacetoacetate (2 mmol) and phenyl

hydrazine (2 mmol) in the presence of [cmpy]Cl as catalyst were treated with

aromatic aldehydes. The corresponding results are summarized in Table 4. As

Table 4 indicates, all aldehydes (including benzaldehyde and arylaldehydes bearing

halogens, electron-withdrawing and electron-releasing substituents) were success-

fully reacted with 3-methyl-1- phenyl-5-pyrazolone derivatives (obtained from

reaction of b-ketoester and phenyl hydrazine) to produce the corresponding 4,40-
(arylmethylene)-bis (3-methyl-1-phenylpyrazol-5-ol) derivatives in good to excel-

lent yields and in relatively short reaction times.

In a proposed mechanism, ethylacetoacetate (I) is activated by [cmpy]Cl

(Scheme 4). Then, phenyl hydrazine attacks to I and intermediate II is obtained by

removing of one molecule of H2O. By intramolecular attack in intermediate II and

removing of one molecule of ethanol, 3-methyl-1- phenyl-5-pyrazolone (III) was
prepared. III converts to IV after tautomerization. Intermediate V is generated via

the condensation of IV with an activated aldehyde by the catalyst and converted to

VI by removing of one molecule of H2O. VI as Michael acceptor is reacted with

another intermediate of IV to obtain VII. Finally, after the tautomeric proton shift,

the desired product is obtained.

In another study, recyclability of the catalyst was examined upon the

condensation of ethylacetoacetate (2 mmol) and phenyl hydrazine (2 mmol) with

benzaldehyde (1 mmol). After completion of the reaction, H2O was added to the

reaction mixture, stirred, and refluxed for 5 min. Then the reaction mixture was

filtered and the solvent of the filtrate (H2O) was removed under reduced pressure to

separate the catalyst from crude product. Afterward, the reused catalyst was

employed for another reaction. We observed that the catalytic activity of the catalyst

was restored within the limits of the experimental errors for four successive runs.

Conclusions

In summary, we have introduced an efficient protocole for the 4,40-(arylmethylene)-

bis(3-methyl-1-phenylpyrazol-5-ols) via one-pot pseudo five-component condensa-

tion of phenyl hydrazine (2 mmol) and ethylacetoacetate (2 mmol) with aromatic

aldehydes (1 mmol) using 1-(carboxymethyl)pyridinium chloride {[cmpy]Cl} as

homogenous organic catalyst at 110 �C under solvent-free conditions. The catalyst

is fully studied by IR, 1H and 13C NMR, XRD, and SEM as well as mass spectra.

The advantages of the presented method are efficiency, generality, high yield, short

reaction time, cleaner reaction profile, ease of product isolation, and simplicity.
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