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a b s t r a c t

c-Alumina as an expedient and recyclable catalyst for the synthesis of 6-amino-4-alkyl/aryl-3-methyl-
2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles in water via a four-component reaction is established.
Comparative study of the efficacy of c-alumina, basic alumina and KF-alumina is also discussed. The
method presented is mild, environment friendly, inexpensive and functionality tolerable to give the prod-
ucts in good to excellent yields.

� 2011 Elsevier Ltd. All rights reserved.
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Multi-component reactions (MCRs), by virtue of their flexibility
to rapidly assemble three or more reactants and converting them
into higher molecular weight compound in one-pot, have become
a powerful synthetic strategy in recent years.1 The synthetic utility
of such protocols is further made more attractive when the reac-
tions are carried out in aqueous medium.

Pyrano[2,3-c]pyrazoles constitute one of the privileged hetero-
cyclic scaffolds known to exhibit important biological activities,
such as analgesic,2a anti-tumor, anti-cancer,2b anti-inflammatory
properties2c and also serve as potential inhibitors of human Chk1
kinase.3 Furthermore, heterocyclic compounds bearing 4H-pyran
units have played increasing roles in synthetic strategies to prom-
ising compounds in the field of medicinal chemistry.4 Junek and
Aigner5 first established the synthesis of pyrano[2,3-c]pyrazole
derivatives from 3-methyl-1-phenylpyrazolin-5-one and tetracya-
noethylene in the presence of triethylamine. Later on, a number of
synthetic approaches have also been made for the synthesis
of 6-amino-4-aryl-3-methyl-2,4-dihydropyrano[2,3-c]pyrazoles
employing triethylamine,6a,6b piperazine6c and piperidine6d as
prominent catalysts. However, these syntheses have been achieved
through a two-component or three-component reaction except for
the works reported by Vasuki et al.6d and Gogoi and Zhao 7 where a
four-component synthesis has been accomplished. Although, the
reported methods are effective, they are confronted with certain
drawbacks of environment compatibility by the use of toxic and
expensive catalysts,6,7a which also lack recyclability.
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Furthermore, alumina and alumina supported reagents, due to
their surface property and well defined porosity, act as proficient
catalysts and reagents for many important organic reactions.8

More importantly, alumina is eco-friendly and inexpensive.
Despite the available procedures we, therefore, decided to use
the c-alumina and improve further the existing methodologies
pertaining to the synthesis of 6-amino-4-alkyl/aryl-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitriles.

Thus, in conjunction with our continued research aimed at the
development of environmentally benign synthetic methodologies
using solid-support catalysts,9 we report herein the four-
component synthesis of 6-amino-4-alkyl/aryl-3-methyl-2,4-
dihy-dropyrano[2,3-c]pyrazole-5-carbonitriles using c-alumina as
catalyst in water (Scheme 1).

In continuation of this method, we further carried out a
comparative catalytic efficacy of c-alumina, basic alumina and
potassium fluoride loaded alumina (KF-alumina) with selected
aldehydes for the same synthesis.
H O
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Initially, the one-pot synthesis was optimized by heating a mix-
ture of ethyl acetoacetate (1) (2.0 mmol), hydrazine hydrate (2)
(2.5 mmol), 4-chlorobenzaldehyde (3e) (2.0 mmol) and malononit-
rile (4) (2.0 mmol) in the presence of c-alumina (10 mol %) in
water (10 mL) for 35 min which afforded 5e in 60% yield. The same
reaction when carried out with 15 mol % of the catalyst gave 5e
with an increased yield (71%). Thus, by varying the amount of
c-alumina, optimization was arrived at 30 mol % which signifi-
cantly resulted in 90% yield of the product 5e (Table 1). In another
attempt, the catalyst recovered from the reaction after filtration
and washing with boiling ethyl acetate was used further for the
condensation of ethyl acetoacetate (1) (2.0 mmol), hydrazine hy-
drate (2) (2.5 mmol), 4-chlorobenzaldehyde (3e) (2.0 mmol) and
malononitrile (4) (2.0 mmol). Interestingly, the reaction was
observed to complete within 45 min giving 6e in 80% yield. The
recyclability of the catalyst and the results are shown in Table 1.

Subsequently, a series of 6-amino-4-aryl-3-methyl-2,4-dihy-
dropyrano[2,3-c]pyrazole-5-carbonitriles were prepared in the
presence of c-alumina (30 mol %) involving different aldehydes
after simple work-up and purification (5a–p, Table 2).12 Irrespec-
tive of the presence of electron withdrawing or donating substitu-
ents in the ortho, meta or para positions on the ring of various
aromatic aldehydes the reactions proceeded smoothly to furnish
the desired products in good yields (5a–p). Also, high yields of
the products were obtained for the electron poor benzaldehydes,
Table 1
Optimization of the reaction condition and the catalyst recyclability with compound
5e

Entry Reaction conditions Yielda (%)

1 c-Alumina (10 mol %), 35 min, refluxed 60
2 c-Alumina (15 mol %), 35 min, refluxed 71
3 c-Alumina (25 mol %), 35 min, refluxed 83
4 c-Alumina (30 mol %), 35 min, refluxed 90
5 c-Alumina (35 mol %), 35 min, refluxed 89
6 c-Alumina (recycled once), 45 min, refluxed 80
7 c-alumina (recycled twice), 60 min, refluxed 50
8 c-alumina (recycled three times), 90 min, refluxed 20

a Isolated yields.

Table 2
Synthesis of 6-amino-4-alkyl/aryl-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-car-
bonitriles via Scheme 1

Entry Substrate 3 (R1) Product
5

Time
(min)

Yielda

(%)
Mpc (oC)

1 C6H5 5a 50 80 244–2466c

2 4-CH3C6H4 5b 45 82 206–2086d

3 4-CH3OC6H4 5cb 60 79 210-2126c

4 2-ClC6H4 5d 55 80 145–147
5 4-ClC6H4 5e 35 90 234–2366c

6 3-BrC6H4 5f 40 84 222–2246b

7 4-BrC6H4 5g 40 90 178-18011

8 4-HOC6H4 5hb 75 74 224–2266c

9 4-N(CH3)2C6H4 5ib 90 61 167–16911

10 2-NO2C6H4 5j 60 72 220–222
11 3-NO2C6H4 5k 45 75 193-19511

12 4-NO2C6H4 5l 40 85 251–2536c

13 3-CH3O-4-HOC6H3 5mb 70 75 235–2376c

14 2,5-(CH3O)2C6H3 5n 70 73 210–212
15 3,4-(CH3O)2C6H3 5o 70 80 192–1946d

16 3,4,5-(CH3O)3C6H2 5p 60 81 209–2116d

17 1-Naphthyl 5q 55 79 200–202
18 9-Anthranyl 5r 60 85 206–208
19 Butyryl 5s 55 83 143–145
20 Propionyl 5t 60 70 130–1326d

a Isolated yields.
b Purified by column chromatography.
c Literature references.
such as 2-nitrobenzaldehyde, 3-nitrobenzaldehyde and 4-nitro-
benzaldehyde (entries 10–12, Table 2).

Similarly, the scope of this methodology was extended to poly-
nuclear aldehydes such as 1-naphthaldehyde and 9-anthraldehyde.
In each case, the reaction underwent smoothly resulting in similar
good yields (products 5q and r, entries 17 and 18, Table 2). The
methodology was also found to be effective for the aliphatic alde-
hydes. Thus, butyraldehyde (3s) and propionaldehyde (3t) reacted
cleanly with substrates 1, 2 and 4 to give 6-amino-4-alkyl-3-
methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles 5s and t
in 83% and 70% yields, respectively (entries 19 and 20, Table 2).
The products obtained were fully characterized by 1H, 13C NMR,
IR, mass spectral and elemental analyses.13

Next, a comparative catalytic efficiency of c-alumina, basic
alumina and KF-alumina for the synthesis of 5 was examined by
executing a series of reactions using 30 mol % each of the catalysts
with reference to the optimized reaction condition. It was observed
that the reactions performed with basic alumina exhibited low effi-
ciency with most of the products requiring column chromatogra-
phy purification. KF-alumina catalyzed reactions in ethanol as
solvent, on the other hand, did show comparable efficiency with
maximum yields almost equivalent to c-alumina catalyzed reac-
tions (Table 3). The comparative catalytic activity was found to dis-
play an order of c-alumina > KF-alumina > basic alumina in the
reaction. Here, the higher catalytic activity of c-alumina may be
attributed to its amphoteric nature and the surface area available
for greater adsorption of the reactants on its surface.

Notably, reactions in the presence of c-alumina catalyst were
clean and all the products were obtained after simple filtration
and purification by recrystallization from ethanol and water except
for 5c, h, i and m (entries 3, 8, 9 and 13, Table 2) which were puri-
fied by column chromatography. The spectral study revealed the
formation of two enantiomers and the combined yields of the race-
mates are summarized in Table 2.

Although there is ambiguity on the reaction mechanism, we
presume that the formation of 6-amino-4-alkyl/aryl-3-methyl-
2,4-dihy-dropyrano[2,3-c]pyrazole-5-carbonitriles takes place
through a tandem Michael addition and Thorpe-Ziegler reaction
as described in earlier reports.6d,7 The amphoteric nature and high
surface area of c-alumina allow compound 6 to adsorb on its sur-
face10 to give complex 8c (steps-B–D) which facilitates Michael
addition of 8c to compound 7 giving intermediate 9 (step-E). Sub-
sequently, the Thorpe-Ziegler like intramolecular cyclization fol-
lowed by tautomerization affords product 5 (Scheme 2).

In summary, we have devised a green and facile method for
the synthesis of 6-amino-4-alkyl/aryl-3-methyl-2,4-dihydropyra-
no[2,3-c]pyrazole-5-carbonitriles using c-alumina as the recycla-
ble catalyst and water as the solvent. A comparative study of
Table 3
Comparative study of c-alumina, basic alumina and KF-alumina catalyst for the
synthesis of 5

Entry Product 5 Time (min) Yielda (%)

c-Alumina Basic alumina KF-alumina

1 5a 50 80 70 75
2 5b 45 82 77 80
3 5c 60 79b 73b 75b

4 5e 35 90 83 88
5 5h 75 74b 61b 64b

6 5k 45 75 70b 71b

7 5l 70 85 60b 70
8 5m 70 75b 67b 72b

9 5q 55 79 71b 74
10 5r 60 85 72b 78
11 5s 70 83 78 78

a Isolated yields.
b Purified by column chromatography.
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Scheme 2. Proposed mechanism for the formation of pyrano[2,3-c]pyrazoles.
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c-alumina, basic alumina and KF-alumina with the c-alumina
displaying greater catalytic activity has also been shown. More
importantly, the present procedure offers mild, efficient and envi-
ronmentally benign strategy by the use of c-alumina which over-
comes the drawbacks of the reported methods.
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