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Abstract A convenient and efficient solvent-free procedure is described for

preparation of 6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-car-

bonitriles by four-component reaction of hydrazine hydrate, ethyl acetoacetate, aryl

aldehyde, and malononitrile in the presence of a catalytic amount of titanium

dioxide nano-sized particles. Short reaction times, high yields under ambient con-

ditions, simple reaction, clean work-up, and reusability of the nano heterogeneous

catalyst are the advantages of this method.
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Introduction

1,4-Dihydropyrano[2,3-c]pyrazole-5-carbonitriles are important compounds with

biological [1], anticancer [1], antimicrobial [2], anti-inflammatory [3], insecticidal

[4], and molluscicidal [5] activity. Pyranopyrazole was first synthesized by two-

component reaction of 3-methyl-1-phenylpyrazolin-5-one and tetracyanoethylene in

the presence of triethylamine [6]. Later, several two-component reactions involving

pyran derivatives and hydrazine hydrate [7] or the reaction between 3-methyl-2-

pyrazolin-5-one and benzylidenemalononitrile [8] to obtain pyranopyrazoles were

used to prepare this class of medicinal compounds.

Several three-component syntheses of 6-amino-4-aryl-3-methyl-1,4-dihydropyr-

ano[2,3-c]pyrazole-5-carbonitriles from pyrazolin-5-one, malononitrile, and aryl
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aldehydes, catalyzed by cinchona alkaloid organocatalysts [8] or triethylammonium

acetate [9], have been reported in the literature. Recently, per-6-amino-b-cyclodextrin

[10], c-alumina [11], and L-proline [12] have been studied for synthesis of 6-amino-4-

aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles via four-component

reactions from hydrazine hydrate, ethyl acetoacetate, aldehydes, and malononitrile.

Despite many reported methods, development of new synthetic strategies using

readily accessible heterogeneous catalysts still attracts much attention because of the

importance of these molecules, especially if the new methods can overcome the

disadvantages of reported procedures.

Efficient and environmentally benign chemical processes and methods in the

presence of heterogeneous recyclable catalysts under mild and solvent-free

conditions are a major challenge for chemists in organic synthesis [13]. In

continuation of our research on solid heterogeneous catalysts [14–18], herein we

report a facile, general, and efficient method for preparation of 6-amino-4-aryl-3-

methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles by four-component reac-

tion of hydrazine hydrate, ethyl acetoacetate, aryl aldehydes, and malononitrile,

using titanium dioxide nano-sized particles as an expedient and recyclable catalyst

under mild, solvent-free conditions (Scheme 1). The reaction has several advan-

tages over other reported methods.

Nanocatalysts have attracted the attention of researchers working on catalysis and

nanoparticles, because their high surface-to-volume ratio results in high efficiency

and selectivity [19, 20]. Titanium dioxide nano-sized particles have been proved to

be a good catalyst because of their high activity, non-toxicity, ready availability,

reusability, strong oxidizing power, and long-term stability [21, 22].

Experimental

All reagents were purchased from Merck and Sigma-Aldrich and used without

further purification. Nano-TiO2 ellipsoids of size \3 nm (95 % anatase, 5 %

brokite; CAS no. 1317-70-0) were purchased from Merck. All yields refer to

isolated products after purification. Products were characterized by comparison of

physical data with those of authentic samples and by use of spectroscopic data (IR

and NMR). NMR spectra were recorded on a Bruker Avance DPX 400-MHz

instrument. The spectra were measured in DMSO-d6 relative to TMS (0.00 ppm).

IR spectra were recorded on a Jasco FT-IR 460 Plus spectrophotometer. Melting
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Scheme 1 Preparation of 6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles by
a four-component reaction using titanium dioxide nano-sized particles as recyclable catalyst under
solvent-free conditions
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points were determined in open capillaries with a Buchi 510 melting point

apparatus. TLC was performed on Polygram silica–gel SILG/UV 254 plates.

General procedure for synthesis of 6-amino-4-aryl-3-methyl-1,

4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile derivatives

A mixture of hydrazine hydrate (1 mmol) and ethyl acetoacetate (1 mmol) was

stirred at room temperature until 3-methyl-2-pyrazolin-5-one was precipitated and

its formation was complete (5 min). The mixture was cooled to 0 �C then aryl

aldehyde (1 mmol), malononitrile (1 mmol), and titanium dioxide nano-sized

particles (0.25 mmol) were added at room temperature. The progress of the reaction

was monitored by TLC. After completion of the reaction, the mixture was washed

with ethyl acetate and filtered to recover the catalyst. The filtrate solution was

evaporated and the crude product was recrystallized from ethanol to afford the pure

pyranopyrazole derivatives in 81–96 % yields.

The desired pure products were characterized by comparison of their physical

data with those of known compounds [11, 23].

6-Amino-1,4-dihydro-3-methyl-4-(2-nitrophenyl)pyrano[2,3-c]pyrazole-
5-carbonitrile (Table 2, entry 10)

(KBr, cm-1): 1076, 1169, 1348, 1407, 1527, 1600, 1653, 2196, 2932, 3118, 3217,

3469; 1H NMR (400 MHz, (DMSO-d6): d (ppm) = 1.92 (s, 3H, CH3), 4.79 (s, 1H,

4H), 6.20 (s, 2H, NH2), 7.55 (t, 1H, J = 8.0 Hz, Ar–H), 7.62 (d, 1H, J = 7.6 Hz,

Ar–H), 8.00–8.03 (m, 2H, Ar–H), 11.34 (s, 1H, NH); 13C NMR (100 MHz, DMSO-

d6): d (ppm) = 9.70, 29.0, 56.5, 112.6, 120.2, 123.2, 128.4, 128.6, 135.7, 141.3,

146.3, 151.3, 154.6, 160.9.

Results and discussion

In our initial experiments, condensation of hydrazine hydrate, ethyl acetoacetate,

benzaldehyde, and malononitrile (molar ratio 1:1:1:1) was performed in the

presence of different amounts of the catalyst at room temperature under solvent-free

conditions. The results (Table 1) clearly indicate that 0.25 mmol (0.02 g) nano-

TiO2 is an effective amount of catalyst for this transformation.

We also used bulk TiO2 for synthesis of 6-amino-4-aryl-3-methyl-1,4-dihydro-

pyrano[2,3-c]pyrazole-5-carbonitriles (Table 1, entry 6). The reaction was not

complete after 3 h; almost 50 % of the starting materials were intact and the desired

product was obtained in low yield. Thus, it is necessary to use titanium dioxide

nano-sized particles.

Under these optimized reaction conditions, the scope and efficiency of the

reaction were investigated for synthesis of a wide variety of substituted 6-amino-4-

aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles. The results are

summarized in Table 2.
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Interestingly, a variety of aryl aldehydes with electron-withdrawing or releasing

substituents (ortho, meta, and para-substituted) participated well in this reaction and

gave the 6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles

in good to excellent yield.

Table 1 Optimization of the amount of titanium dioxide nano-sized particles used as catalyst in the

reaction of hydrazine hydrate, ethyl acetoacetate, benzaldehyde, and malononitrile under solvent-free

conditions at room temperature

Entry Catalyst (mmol) Time (min) Yield (%)a

1 0.1 25 75

2 0.15 12 78

3 0.2 7 87

4 0.25 3 96

5 0.3 3 95

6 0.25 3 h 50b

a Yields refer to isolated pure product
b The reaction was performed in the presence of bulk TiO2 for synthesis

Table 2 Four-component synthesis of 6-amino-4-aryl-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-

5-carbonitriles

Entry R Time (min) Yield (%)a Found M.P. (�C)/[Lit. M.P (�C)] [Ref.]

1 H 3 96 245–247 [245–247] [11, 23]

2 3-CH3O-4-HO 6 81 235–237 [235–237] [11, 23]

3 4-Cl 4 93 234–235 [234–235] [11, 23]

4 4-CH3O 5 89 159–160 [157–159] [11, 23]

5 4-NO2 4 87 244–245 [245–247] [11, 23]

6 2,4-Cl2 4 85 235–237 [235–237] [11, 23]

7 4-Br 5 86 178–180 [178–180] [11, 23]

8 3-Br 3 86 223–225 [222–224] [11, 23]

9 2-Cl 5 85 146–148 [146–148] [11, 23]

10 2-NO2 2 82 221–223 [221–223] [11, 23]

11 2,4-Cl2 4 87 183–185 [183–185] [11, 23]

12 4-F 5 87 173–175 [173–175] [11, 23]

13 4-CH3 4 85 207–209 [206–208] [11, 23]

14 2,5-(CH3O)2 5 85 212–213 [210–212] [11, 23]

15 3,4(CH3O)2 5 82 192–194 [193–195] [11, 23]

16 3,4,5-(CH3O)3 6 84 209–211 [209–211] [11, 23]

17 4-HO 6 81 225–227 [224–226] [11, 23]

18 4-N(CH3)2 6 81 167–169 [167–169] [11, 23]

19 3-NO2 4 92 194–196 [193–195] [11, 23]

a Yields refer to the isolated pure products. The products were characterized by comparison of their

physical data (melting points, and IR and 1H and 13C NMR spectra) with those of known compounds

[11, 23]
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On the basis of the literature [23], we propose following mechanism for synthesis

of 6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles in the

presence of titanium dioxide nano-sized particles as catalyst. First, pyrazolone 3 is

formed by reaction of 1 and 2. Knoevenagel condensation of 4 and 5 produced

2-benzylidenemalononitrile (6), Michael addition of 3 and 6, and subsequent

cyclization and tautomerization afforded the corresponding product (Scheme 2).

In Table 3 the results obtained in this work are compared with those recently

reported in the literature for use of such catalysts as L-proline [12], c-alumina [11],

cinchona alkaloids [8], and nano-sized magnesium oxide MgO [23] to prepare

6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles. The table
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Scheme 2 Proposed mechanism for synthesis of 6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]-
pyrazole-5-carbonitriles in the presence of titanium dioxide nano-sized particles as catalyst

Table 3 Comparison of results obtained by use of titanium dioxide nano-sized particles as catalyst for

synthesis of 1,4-dihydropyrano[2,3-c]pyrazoles with those obtained by use of L-proline, c-alumina,

cinchona alkaloids, and nano-sized magnesium oxide MgO

Entry Catalyst Time Yield (%)a

1 L-Proline 10 min 90

2 c-Alumina 50 min 80

3 Cinchona alkaloids 12 h 84

4 Nano-sized magnesium oxide MgO 10 min 97

5 Nano-sized titanium dioxide TiO2 3 min 96 (Present work)

a Based on reaction of hydrazine hydrate, ethyl acetoacetate, benzaldehyde, and malononitrile
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shows that titanium dioxide nano-sized particles are the most efficient catalyst with

regard to reaction time. Yield is equivalent to that reported for the other catalysts.

We also investigated recycling of the catalyst under solvent-free conditions

using, as model reactants, hydrazine hydrate, ethyl acetoacetate, benzaldehyde, and

malononitrile. After completion of the reaction, the crude solid product was

dissolved in ethyl acetate. The mixture was filtered for separation of the catalyst.

The catalyst was washed twice with ethyl acetate (2 9 5 mL). The recovered

catalyst was dried under vacuum and was used for subsequent catalytic runs

(Table 2, entry 1). The recovered catalyst was reused five times without any loss of

activity (Fig. 1).

Conclusion

We have developed an environmentally benign and straightforward procedure for

synthesis of 6-amino-4-aryl-3-methyl-1,4-dihydropyrano[2,3-c]pyrazole-5-carbo-

nitriles using titanium dioxide nano-sized particles as catalyst under solvent-free

and ambient conditions. This procedure has several advantages over previously

reported catalysts, for example milder and cleaner reactions, easier workup, reduced

reaction times, reusable catalyst, and eco-friendly promising strategy.
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