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A convenient synthesis of 6-amino-2H,4H-pyrano|[2,3-c|pyrazole-5-carbonitriles has been accomplished
by one pot four-component cyclocondensation of aromatic aldehydes (1a-0) malanonitrile (2), ethyl
acetoacetate (3), and hydrazine hydrate (4) in freshly prepared deep eutectic solvent, DES (choline
chloride:urea). This protocol has afforded corresponding pyrano[2,3-c|pyrazoles in shorter reaction time
with high yields, and it avoids the use of typical toxic catalysts and solvents.
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1. Introduction

The remarkable ability of heterocyclic nuclei to serve both as
biomimetics and reactive pharmacophores has largely contributed
to their use as scaffolds in the design of therapeutically active new
compounds [1]. Polyfunctionalized pyran and their derivatives are
very important heterocyclic compounds which frequently exhibit
a variety of biological activities [2,3]. 4H-Pyran is an important and
common structural unit both in natural and synthetic heterocyclic
molecules [4,5]. The dihydropyrano[2,3-c]pyrazole represents a
fascinating template in the pharmaceutical field and is responsible
for a wide spectrum of biological activities in molecules containing
this significant unit [6]. Such compounds are exhibiting biological
activities like antimicrobial [7], anticancer [8], anti-inflammatory
[9] and inhibition of human Chk1 kinase [10] activities. Conse-
quently, there has been continuous interest in the development of
facile synthetic protocols for the construction of dihydropyr-
ano[2,3-c|pyrazoles.

A one pot four component cyclocondensations of aldehydes,
malononitrile, ethyl acetoacetate, and hydrazine hydrate was
reported for obtaining dihydropyrano[2,3-c]pyrazoles [11].
This cyclocondensation has been accelerated by incorporating
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various catalysts viz; per-6-amino-f-cyclodextrin [12], glycine
[13], y-alumina [14], L-proline [15], nanosized magnesium oxide
[16], Mg/Al hydrotalcite [17], N-methylmorpholine [18], hetero-
polyacids [19], sodium benzoate [20], and amberlyst A21 [21]
and obtained good to moderate yields of dihydropyrano[2,3-c]
pyrazoles. One pot three component cyclocondensations
have also been reported for dihydropyrano[2,3-c]pyrazoles, in
which;pyrazolone derived from condensation of ethyl acetoa-
cetate and hydrazine hydrate is cyclocondensed with in situ
intermediates generated from the interaction of aldehydes and
malononitrile. The latter route has also been accelerated by
various organic and inorganic bases [22]. The reported methods
still have certain inadequacies, such as long reaction time, toxic
and expensive catalysts, excess heating, and tedious work-up
procedure. Therefore, an exploration of a more general, efficient,
and greener approach is highly desirable.

Green technology actively seeks new, safer, alternative solvents
to replace common widely used organic solvents that present
inherent toxicity and high volatility, leading to evaporation of
volatile organics to the atmosphere [23]. In performing the
majority of organic transformations, solvents play a critical role
in making the reaction homogeneous and hence facilitating
molecular interactions [24]. Over the last two decades more
attention has been directed on the use of non-volatile organic
media like ionic liquids, PEGs, glycerine, water etc. for carrying
value added transformations. Ionic liquids (ILs) are quaternary
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salts/PTCs/inorganic salts having melting points less than 100 °C. It
has been reported that most of the ILs less biodegradable, more
toxic, and more expensive than hoped. Because of this, ILs are now
becoming less popular as media. Recently, chemists have been
paying more attention on the use of deep eutectic solvents (DESs)
for carrying various chemical transformations safely and rapidly. A
DES is generally composed of two or three cheap and safe
components which are capable of keeping association with each
other through hydrogen bond interactions to form a eutectic
mixture. The resulting DES is characterized by its melting point,
which is lower than that of the individual components. Generally,
DESs are characterized by very large depression of freezing point,
and most are liquid at room temperature [25].

Choline chloride (ChCl), or 2-hydroxy-N,N,N-trimethyletha-
naminium chloride, has been widely used as an organic salt to
produce eutectic mixtures when blended with cheap and safe
hydrogen bond donors like urea, polyols, and carboxylic acids
[26]. Ureais cheap readily available and has better self association
with ChCl. Therefore, it is widely used in generating DES by
blending with ChCl. Novel solvent properties of ChCl:urea
mixtures have been reported by Abbott et al., who concluded
that a blend of ChCl:urea with ratio 1:2 has the best self
association through hydrogen bond interactions and forms
appropriate eutectic mixture [25c]. Such DESs are attracting
researchers as they exhibit similar physicochemical properties to
traditional ionic liquids, and are thus found to be more
advantageous in organic syntheses. DESs are lower in cost, more
biodegradable, and less toxic than the traditional ionic liquids and
therefore are replacing the traditional ionic liquids while carrying
value added organic transformations viz. Knoevenagel condensa-
tion [27], Diels-Alder reactions [28], Fischer indole annulations
[29], Perkin reaction [30], selective acylation of primary hydroxyl
groups in cellulose [31], fluorination of acetophenone [32],
bromination of substituted 1-aminoanthra-9,10-quinone, and
benzylation of phenols [33].

Considering the advantages of these deep eutectic solvents and
in continuation of our efforts to develop environmentally benign
protocols for various chemical transformations [34], here an
attempt has been made to develop a modified protocol by
optimizing the reaction conditions for carrying the cycloconden-
sation of aromatic aldehydes, malanonitrile, ethyl acetoacetate,
and hydrazine hydrate in DES for obtaining polyfunctional
pyranopyrazoles in a cost effective and rapid way.

2. Experimental

All the chemicals used were of laboratory grade. Melting
points of all the synthesized compounds were determined in
open capillary tubes and are uncorrected. "H NMR spectra were
recorded with a Bruker Avance 400 spectrometer operating at
400 MHz using DMSO-ds solvent and tetramethylsilane (TMS)
as the internal standard and chemical shift in § ppm. '3C
NMR spectra were recorded on Bruker Avance 300 MHz on
Jeol. Mass spectra were recorded on a Sciex, Model; API
3000 LCMS/MS Instrument. The purity of each compound was
checked by TLC using silica-gel, 60F,s4 aluminum sheets as
adsorbent, and visualization was accomplished by iodine/
ultraviolet light.

2.1. Synthesis of deep eutectic solvent

A mixture of choline chloride (70 mmol) and urea (140 mmol)
i.e. in the ratio of 1:2 was heated at 80 °C with stirring for 30 min.
The resulting eutectic solvent was then allowed to cool to room
temperature and was used for the synthesis of pyranopyrazoles
(5a-0) without further purification.

2.2. Synthesis of 6-amino-1,4-dihydro-4-(4-methoxyphenyl)-3-
methyl-pyrano[2,3-c]pyrazole-5-carbonitrile (5a)

A mixture of 4-methoxy benzaldehyde (1a) (3 mmol), mal-
ononitrile (2) (3 mmol), hydrazine hydrate (3) (3 mmol), and ethyl
acetoacetate (4) (3 mmol) was added in DES (5 mL) and then the
reaction mass was stirred at 80 °C. Progress of the reaction was
monitored by TLC (ethyl acetate:n-hexane 1:9). After 20 min of
stirring, the reaction mixture was cooled to room temperature.
Then, it was extracted using ethylacetate. The ethyl acetate phase
was separated from undissolved DES and the organic layer was
separated, dried, filtered, and concentrated in vacuo. The crude
solid residue that remained was then crystallized from ethanol.

Similarly, the other compounds (5b-0) of the series were
prepared. The melting points and the yields of the derivatives are
recorded in Table 2.

6-Amino-1,4-dihydro-4-(4-methoxyphenyl)-3-methyl-pyr-
ano|2,3-c]pyrazole-5-carbonitrile (5a): IR (KBr, v cm™'): 3425 (N-H
stretching),3128 (Ar-H stretching), 2928 (C-H stretching), 2200 (CN
stretching), 1597 (C=N stretching), 1153 and 1203 (C-O-C
stretching); 'H NMR (400 MHz, DMSO-dg): & 1.81 (s, 3H, -CH3),
3.78(s,3H,-0CH3),4.45 (s, 1H,-CH-),6.81 (s,2H,-NH,), 6.87(d, 2H,
J=8.0Hz), 7.23 (d, 2H, ] = 8.0 Hz) and 12.08 (s, 1H, -NH). '3C NMR
(75 MHz, DMSO-dg): § 8.82,34.74,53.77,57.75,94.70,96.54, 112 .46,
119.71,127.38,134.69, 134.85,153.85,157.02 and 159.50; MS (ESI):
my/z: 283.2 [M"]; Elemental analysis: Calcd. for C;5H4N40,: C,63.82;
H, 5.00; N, 19.85; found C, 63.37; H, 5.67; and N, 19.65

6-Amino-1,4-dihydro-4-(4-phenyl)-3-methyl-pyrano[2,3-

c]pyrazole-5-carbonitrile (5b): IR (KBr, vecm™'): 3427 (N-H
stretching), 3119 (Ar-H stretching), 2934 (C-H stretching), 2200
(CN stretching), 1595 (C=N stretching), 1149 and 1211 (C-0O-C
stretching); '"H NMR (400 MHz, DMSO-dg): 8 1.76 (s, 3H, -CHs),
4.51 (s, 1H, -CH-), 6.79 (s, 2H, -NH;), 6.99-7.76 (m, 5H, Ar-H) and
12.04 (s, 1H, -NH); 3C NMR (75 MHz, DMSO-dg): § 8.85, 34.69,
57.67,94.69,96.48,112.57,119.69, 127.35, 134.73,134.79, 153.84,
157.23 and 159.45; MS (ESI): m/z: 253 [M*]; Elemental analysis:
Calcd. for C14H1,N40: C, 66.65; H,4.79; N, 22.21; found C, 66.67; H,
4.75; and N, 22.21

2.3. Recycling of DES, choline chloride:urea

A mixture of 4-methoxy benzaldehyde (1a 3 mmol), malononi-
trile (2 3 mmol), hydrazine hydrate (3 3 mmol), and ethyl
acetoacetate (4 3 mmol) was added in DES (5 mL), and then the
reaction mass was stirred at 80 °C. Progress of the reaction was
monitored by TLC (ethyl acetate:n-hexane 1:9). After 20 min of
stirring, reaction mixture was cooled to room temperature. Then it
was extracted using ethylacetate. Thus obtained undissolved DES
was further extracted with ethyl acetate (10 mL), and the
undissolved viscous liquid was separated and recycled for reuse
for future cycles.

3. Results and discussion

An efficient protocol has been developed for pyranopyrazoles
(5a-0) by one pot cyclocondensation of aromatic aldehydes (1a-0),

Table 1
Screening of reaction media for the synthesis of compound 5a?
Entry Solvents Yield (%)°
1 PEG-400 72
2 Dicationic ionic liquid 65
3 Ionic liquid (N-methylpyridinium tosylate) 62
4 DES (40, 60, 80, 100 °C) 78, 85, 91, 92

¢ Reaction conditions: All the reactions were carried at 80 °C for 20 min.
P Isolated yields, DES: choline chloride:urea.

Please cite this article in press as: M.R. Bhosle, et al., A facile synthesis of 6-amino-2H, 4H-pyrano|2,3-c|pyrazole-5-carbonitriles in deep
eutectic solvent, Chin. Chem. Lett. (2015), http://dx.doi.org/10.1016/j.cclet.2015.12.005

117
118

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

154

155
156
157
158
159
160
161
162
163
164

165

166
167


http://dx.doi.org/10.1016/j.cclet.2015.12.005

168
169
170
171
172
173
174
175
176
177
178
179
180
181

G Model
CCLET 3497 1-5

M.R. Bhosle et al./Chinese Chemical Letters xxx (2015) XXx-XXX 3

| ow
P o + ;
N{ 0 80°C o N/[(N’H
/r c "2 HNTONH, HO SR
HO H
H-N H
X
J =

Scheme 1. Schematic presentation of synthesis of DES based on choline chloride
and urea.
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Scheme 2. 6-Amino-4-(4-substituted phenyl)-3-methyl-1,4-dihydropyrano[2,3-
c|pyrazole-5-carbonitriles (5a-0).

malononitrile (2), ethyl acetoacetate (3), and hydrazine hydrate (4)
in freshly prepared deep eutectic solvent choline chloride:urea
(Scheme 1) at 80 °C (Scheme 2).

To examine the choice of solvents, an investigation was
initiated in to the optimization of four component one pot
condensation of 4-methoxy benzaldehyde (1a), malononitrile (2),
hydrazine hydrate (3), and ethyl acetoacetate (4) to afford
pyranopyrazole (5a) as a model reaction. Initially, the reaction
was run in the absence of a catalyst and a solvent by varying
temperature (30-100 °C). It was observed that after prolonged
heating, the cyclocondensation did not run satisfactorily. Consid-
ering the significance of green chemistry efforts were directed
towards the use of green reaction media. Hence, the above model
reaction was performed separately in various green solvents, like

Step 1 Q H
\ s H. )LN'H“\WR
N— .~ N g .20 @)

Table 2
Physical data of 6-amino-4-(4-substituted phenyl)-3-methyl-1,4-dihydropyr-
ano[2,3-c]pyrazole-5-carbonitriles (5a-0).*

Compound R Yield (%)° Mp° (°C)
5a 4-0CHs-Ph 91 209-211
5b -Ph 92 243-244
5¢ 4-Cl-Ph 89 230-232
5d 4-CH3-Ph 91 174-175
Se 4-F-Ph 87 171-172
5f 3-Br-Ph 81 223-224
5g 4-NO,-Ph 85 254-256
5h 4-OH-Ph 90 221-223
5i 2-Cl-Ph 79 244-245
5j 3-NO,-Ph 87 190-192
5k 3,4-(OMe),-Ph 84 189-190
51 4-0H-3-OMe-Ph 82 235-237
5m 2-furyl 69 240-242
5n 2-thiophenyl 72 224-224
50 4-pyridyl 71 214-216

¢ Reaction conditions: aldehydes (1a-0) (3 mmol), malononitrile (2) (3 mmol),
hydrazine hydrate (3) (3 mmol) and ethyl acetoacetate (4) (3 mmol) in DES (5mL)
was stirred at 80 °C for 20 min.

b Isolated Yields.

¢ Melting points are in good agreement with those reported in the literature [35].

PEG-400. Ionic liquids at 80 °C gave the desired pyranopyrazole
with moderate to better yields (Table 1, entries 1-3). Considering
the above results and the importance of DES, model reaction was
then carried out in DES, derived from a mixture with 1:2
composition of choline chloride:urea, and 91% yield of the
pyranopyrazole (5a) was obtained.

In preliminary studies, the model reaction was performed by
condensing 2-(4-methoxybenzylidene) malononitrile (obtained by
Knoevenagel condensation of 4-methoxy benzaldehyde and
malononitrile) and pyrazolin-5-one (prepared by condensation
of hydrazine hydrate and ethyl acetoacetate) in DES at 80 °C and
the expected product 5a was obtained with 82% vyield. After
obtaining these results, one pot four component reaction of 1a,
malononitrile (2), hydrazine hydrate (3), and ethyl acetoacetate (4)

(6]
A
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Scheme 3. Plausible mechanism for the synthesis of pyranopyrazoles (5a-0).
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was carried out at 80 °C. It successfully yielded 5a with high yields
without the need of prior isolation of the intermediates. From these
results, it was confirmed that DES promotes the formation of the
intermediates and their successive condensation to the desired
title product 5a.

During the study, the model reaction was performed using DES
as a reaction medium at different temperatures. Model reaction in
DES at 80 °C was found to proceed with excellent yield (91%) of 5a
in 20 min (Table 1). It was also noted that under similar reaction
conditions there was no condensation at room temperature. As
temperature increased (40, 60, 80, 100 °C) the yield of the product
also increased (78%, 85%, 91%, 92%). There was no significant
change in the product yield when reaction was kept above 80 °C.

The recyclability/reuse of the DES has also been confirmed for
the model reaction and it was noticed that even after three
successive cycles, DES was found to effectively as medium and
catalyst. The details of recovery and reuse of DES is given in the
experimental section.

The generality of this protocol was tested using various
aldehydes with electron donating and withdrawing groups in
order to determine the scope of the DES as medium and catalyst. A
variety of aldehydes (1a-o) have been found to undergo
cyclocondensation smoothly to offer the respective pyranopyr-
azoles (5a-0) in good to excellent yields at 80 °C within 20 min
(Table 2).

The rate acceleration of this one pot four component
cyclocondensation leading to pyranopyrazoles is attributed to
the unique use of DES as a medium, as it has the capacity to
dissolve various organic/inorganic solutes readily. This might be
responsible for maintaining high concentrations of the reactants in
the beginning of the reaction and during its progression. High to
saturated solutions of the reactants in the reaction mass would be
responsible for rate acceleration of the cyclocondensation.

Stronger hydrogen-bonding capabilities of DES might enhance
the electrophilic character of carbonyl carbons of the reactants, viz;
aldehydes and intermediate. It might also be increasing the rate of
in situ formation of carbanion from malononitrile. A plausible
mechanism, supporting the role of the DES in rate enhancement is
presented in Scheme 3.

4. Conclusion

We have been able to introduce a facile and environmentally
friendly approach for the synthesis of biologically active
substituted pyranopyrazoles via one pot cyclocondensation of
various aromatic aldehydes, ethyl acetoacetate, hydrazine hy-
drate, and malononitrile in a safe to use deep eutectic solvent,
choline chloride:urea. High yields, easy work-up, cost effective-
ness, and the reusability of the medium are the key advantages of
this approach. Therefore, DES is found to have wide scope for
rapidly making value added organics via multicomponent
cyclocondensations.

Acknowledgments

The authors are thankful to Professor D. B. Ingle for his
invaluable discussions and guidance. One of the authors, Manisha
R. Bhosle, is thankful to Dr. Babasaheb Ambedkar Marathwada and
University authorities for awarding the Jahagirdar Research
Fellowship. The authors are also thankful to the Central Drug
Research Institute (CDRI), Lucknow for spectral analysis.

References

[1] (a) A. Matin, N. Gavande, M.S. Kim, et al., 7-Hydroxy-benzopyran-4-one deriva-
tives: a novel pharmacophore of peroxisome proliferator-activated receptor o and
-y (PPAR « and y) dual agonists, J. Med. Chem. 52 (2009) 6835-6850;

(b) E.M. Priego, J.V.E.D. Kuenzel, A.P. [Jzerman, M.J. Camarasa, M.]. Perez, Pyr-
ido[2,1-f]purine-2,4-dione derivatives as a novel class of highly potent human A3
adenosine receptor antagonists, J. Med. Chem. 45 (2002) 3337-3344;

(c) S.A. Galal, AS.A. EI-All, M.M. Abdallah, H.I. El-Diwani, Synthesis of potent
antitumor and antiviral benzofuran derivatives, Bioorg. Med. Chem. Lett. 19
(2009) 2420-2428.

[2] J.D. Hepworth, Pyrans and fused pyrans: synthesis and applications, in: AR.
Katrizky, C.W. Rees (Eds.), Comprehensive Heterocyclic Chemistry, vol. 3,
Pergamon, Oxford, 1984, p. 737.

[3] E.S. El-Tamany, F.A. El-Shahed, B.H. Mohamed, Synthesis and biological activity of
some pyrazole derivatives, . Serb. Chem. Soc. 64 (1999) 9-18.

[4] (a) K. Konishi, T. Kuragano, A. Nohara, N.G. Nippon, Fungicidal activity of 2-
aminochromone-3-carboxamides, J. Pestic. Sci. 15 (1990) 241-244;

(b) S.Y.Liao, L. Qian, T.F. Miao, Y. Shen, K.C. Zheng, 3D-QSAR studies of substituted
4-aryl/heteroaryl-4h-chromenes as apoptosis inducers using comfa and comsia, J.
Theor. Comput. Chem. 8 (2009) 143-148;

(c) W. Kemnitzer, S. Jiang, Y. Wang, et al., Discovery of 4-aryl-4H-chromenes as a
new series of apoptosis inducers using a cell- and caspase-based HTS assay. Part 5:
Modifications of the 2- and 3-positions, Bioorg. Med. Chem. Lett. 18 (2008) 603-
607;

(d) W. Kemnitzer, J. Drewe, S. Jiang, et al., Discovery of 4-aryl-4H-chromenes as a
new series of apoptosis inducers using a cell- and caspase-based high throughput
screening assay. 4. Structure-activity relationships of N-alkyl substituted pyrrole
fused at the 7,8-positions, ]. Med. Chem. 51 (2008) 417-423.

[5] N. Martin, C. Pascual, C. Seoane, ].L. Soto, The use of some activated nitriles in
heterocyclic syntheses heterocycles 26 (1987) 2811-2816.

[6] A.V.Stachulski, N.G. Berry, A.C.L. Low, et al., Identification of isoflavone derivatives
as effective anticryptosporidial agents in vitro and in vivo, ]. Med. Chem. 49 (2006)
1450-1454.

[7] (a) W.P. Smith, L.S. Sollis, D.P. Howes, et al., Dihydropyrancarboxamides related
to zanamivir: a new series of inhibitors of influenza virus sialidases. 1. discovery,
synthesis, biological activity, and structure-activity relationships of 4-guanidino-
and 4-amino-4H-pyran-6-carboxamides, J. Med. Chem. 41 (1998) 787-797;

(b) K. Mazaahir, S. Shilpi, R.K. Khalilur, S.T. Sharanjit, Aqua mediated synthesis of
substituted 2-amino-4H-chromenes and in vitro study as antibacterial agents,
Bioorg. Med. Chem. Lett. 15 (2005) 4295-4298.

[8] J.L. Wang, D. Liu, Z]. Zheng, et al., Structure-based discovery of an organic
compound that binds Bcl-2 protein and induces apoptosis of tumor cells, Proc.
Natl. Acad. Sci. U.S.A. 97 (2000) 7124-7129.

[9] (a) M.E.A. Zaki, H.A. Saliman, O.A. Hickal, A.E. Rashad, Pyrazolopyranopyrimi-
dines as a class of anti-inflammatory agents, J. Biosci. 61 (2006) 1-5;

(b) CK. Sheng, ]J.H. Li, N. Hideo, Studies on heterocyclic compounds. 6 Synthesis
and analgesic and antiinflammatory activities of 3,4-dimethylpyrano[2,3-c]pyr-
azol-6-one derivatives, J. Med. Chem. 27 (1984) 539-544.

[10] N. Foloppe, L.M. Fisher, R. Howes, et al., Identification of chemically diverse Chk1
inhibitors by receptor-based virtual screening, Bioorg. Med. Chem. 14 (2006)
4792-4802.

[11] Y.M. Litvinov, L.A. Rodinovskaya, A.M. Shestopalov, A new convenient four-compo-
nent synthesis of 6-amino-2H, 4H-pyrano[2,3-c]pyrazole-5-carbonitriles and one-
pot synthesis of 6'-amino-5-cyano-1,2-dihydrospiro-[(3H)-indole-3,4'-(4'H)-pyr-
ano[2,3-c|pyrazol]-2-ones, Russ. Chem. Bull. Int. Ed. 58 (2009) 2362-2368.

[12] K. Kanagaraj, K. Pitchumani, Solvent-free multicomponent synthesis of pyrano-
pyrazoles: per-6-amino-@-cyclodextrin as a remarkable catalyst and host, Tetra-
hedron Lett. 51 (2010) 3312-3316.

[13] M.B.M. Reddy, V.P. Jayashankara, M.A. Pasha, Glycine-catalyzed efficient synthe-
sis of pyranopyrazoles via one-pot multicomponent reaction, Synth. Commun. 40
(2010) 2930-2934.

[14] H. Mecadon, M.R. Rohman, M. Rajbangshi, B. Myrboh, y-Alumina as a recyclable
catalyst for the four-component synthesis of 6-amino-4-alkyl/aryl-3-methyl-2,4-
dihydropyrano|2,3-c]pyrazole-5-carbonitriles in aqueous medium, Tetrahedron
Lett. 52 (2011) 2523-2525.

[15] H. Mecadon, M.R. Rohman, I. Kharbangar, et al., .-Proline as an efficient catalyst
for the multi-component synthesis of 6-amino-4-alkyl/aryl-3-methyl-2,4-dihy-
dropyrano[2,3-c]pyrazole-5-carbonitriles in water, Tetrahedron Lett. 52 (2011)
3228-3231.

[16] M. Babaie, H. Sheibani, Nanosized magnesium oxide as a highly effective hetero-
geneous base catalyst for the rapid synthesis of pyranopyrazoles via a tandem
four-component reaction, Arabian J. Chem. 4 (2011) 159-162.

[17] S.D. Samant, N.R. Patil, S.W. Kshirsagar, Mg-Al Hydrotalcite as a first heteroge-
neous basic catalyst for the synthesis of 4H-pyrano[2,3-c|pyrazoles through a
four-component reaction, Synth. Commun. 41 (2011) 1320-1325.

[18] F. Lehmann, S.L. Holm, M.S. Laufer, Three-component combinatorial synthesis of
novel dihydropyrano[2,3-c]pyrazoles, ]. Comb. Chem. 10 (2008) 364-367.

[19] M.M. Heravi, A. Ghods, F. Derikvand, K. Bakhtiari, F.F. Bammoharram,
H14[NaPsW3(011¢] catalyzed one-pot three-component synthesis of dihydropyr-
ano|2,3-c|pyrazole and pyrano[2,3-d]pyrimidine derivatives, J. Iran Chem. Soc. 7
(2010) 615-620.

[20] H. Kiyani, H.A. Samimi, F. Ghorbani, S. Esmaieli, One-pot, four-component syn-
thesis of pyrano[2,3-c]pyrazoles catalyzed by sodium benzoate in aqueous me-
dium, Curr. Chem. Lett. 2 (2013) 197-206.

[21] M. Bihani, P.P. Bora, G. Bez, H. Askari, Amberlyst a21 catalyzed chromatography-
free method for multicomponent synthesis of dihydropyrano[2,3-c]pyrazoles in
ethanol, ACS Sustainable Chem. Eng. 1 (2013) 440-447.

[22] G. Tacconi, G. Gatti, G. Desimoni, V. Messori, A new route to 4H-pyrano[2,3-
c]pyrazoles,(Eine neue synthese fiir 4H-pyrano[2,3-c]pyrazole), J. Prakt. Chem.
322 (1980) 831-834.

Please cite this article in press as: M.R. Bhosle, et al., A facile synthesis of 6-amino-2H, 4H-pyrano|2,3-c|pyrazole-5-carbonitriles in deep
eutectic solvent, Chin. Chem. Lett. (2015), http://dx.doi.org/10.1016/j.cclet.2015.12.005



http://dx.doi.org/10.1016/j.cclet.2015.12.005

Q3

G Model
CCLET 3497 1-5

M.R. Bhosle et al./Chinese Chemical Letters xxx (2015) XXx-XXX 5

[23] LT. Horvath, Solvents from nature, Green Chem. 10 (2008) 1024-1028.

[24] R.Kumar, P. Chaudhary, S. Nimesh, R. Chandra, Polyethylene glycol as a non-ionic
liquid solvent for Michael addition reaction of amines to conjugated alkenes,
Green Chem. 8 (2006) 356-358.

[25] (a) A.P. Abbott, D. Boothby, G. Capper, D.L. Davies, R.K. Rasheed, Deep eutectic
solvents formed between choline chloride and carboxylic acids: versatile alter-
natives to ionic liquids, J. Am. Chem. Soc. 126 (2004) 9142-9147;

(b) A.P. Abbott, G. Capper, D.L. Davies, R.K. Rasheed, V. Tambyrajah, Novel solvent
properties of choline chloride/urea mixtures, Chem. Commun. (2003) 70-71;
(c) E.L. Smith, A.P. Abbott, K.S. Ryder, Deep eutectic solvents (DESs) and their
applications, Chem. Rev. 114 (2014) 11060-11082.

[26] A.P. Abbott, G. Capper, D.L. Davies, R.K. Rasheed, V. Tambyrajah, Ionic liquids and
their use as solvents, PCT Int. Appl. WO 0226701, 2002.

[27] Y.A.Sonawane, S.B. Phadtare, B.N. Borse, A.R. Jagtap, G.S. Shankarling, Synthesis of
diphenylamine-based novel fluorescent styryl colorants by Knoevenagel conden-
sation using a conventional method, biocatalyst, and beep eutectic solvent, Org.
Lett. 12 (2010) 1456-1459.

[28] A.P. Abbott, G. Capper, D.L. Davies, RK. Rasheed, V. Tambyrajah, Quaternary
ammonium zinc- or tin-containing ionic liquids: water insensitive, recyclable
catalysts for Diels-Alder reactions, Green Chem. 4 (2002) 24-26.

[29] R.C. Morales, V. Tambyrajah, P.R. Jenkins, D.L. Davies, A.P. Abbott, The regiospe-
cific Fischer indole reaction in choline chloride 2ZnCl, with product isolation by
direct sublimation from the ionic liquid, Chem. Commun. (2004) 158-159.

[30] P.M. Pawar, KJ. Jarag, G.S. Shankarling, Environmentally benign and energy
efficient methodology for condensation: an interesting facet to the classical
Perkin reaction, Green Chem. 13 (2011) 2130-2134.

[31] A.P. Abbott, TJ. Bell, S. Handa, B. Stoddart, O-Acetylation of cellulose and mono-
saccharides using a zinc based ionic liquid, Green Chem. 7 (2005) 705-707.

[32] Z. Chen, W. Zhu, Z. Zheng, X. Zou, One-pot a-nucleophilic fluorination of acet-
ophenones in a deep eutectic solvent, J. Fluorine Chem. 131 (2010) 340-344.

[33] (a) S.B. Phadtare, G.S. Shankarling, Halogenation reactions in biodegradable
solvent: efficient bromination of substituted 1-aminoanthra-9,10-quinone in
deep eutectic solvent (choline chloride:urea), Green Chem. 12 (2010) 458-462;
(b) A.S.Singh, S.S. Shendage, ].M. Nagarkar, Choline chloride based deep eutectic

solvent as an efficient solvent for the benzylation of phenols, Tetrahedron Lett. 55
(2014) 7243-7246.

[34] (a) M.R. Bhosle, ].R. Mali, A.A. Mulay, R.A. Mane, Polyethylene glycol mediated
one-pot three-component synthesis of new 4-thiazolidinones, Heteroat. Chem.
23 (2012) 166-170;

(b) M.R. Bhosle, A.R. Deshmukh, S. Pal, A.K. Srivastava, R.A. Mane, Synthesis of
new thiazolylmethoxyphenyl pyrimidines and antihyperglycemic evaluation of
the pyrimidines, analogues isoxazolines and pyrazolines, Bioorg. Med. Chem. Lett.
25 (2015) 2442-2446;

(c) L.D. Khillare, M.R. Bhosle, A.R. Deshmukh, R.A. Mane, Synthesis and anti-
inflammatory evaluation of new pyrazoles bearing biodynamic thiazole and
thiazolidinone scaffolds, Med. Chem. Res. 24 (2015) 1380-1386.

[35] (a) Y. Peng, G. Song, R. Dou, Surface cleaning under combined microwave and
ultrasound irradiation: flash synthesis of 4H-pyrano[2,3-c|pyrazoles in aqueous
media, Green Chem. 8 (2006) 573-575;

(b) P.V. Shinde, ].B. Gujar, B.B. Shingate, M.S. Shingare, silica in water: a poten-
tially valuable reaction medium for the synthesis of pyrano[2,3-c|pyrazoles, Bull.
Korean Chem. Soc. 33 (4) (2012) 1345-1348;

(c) A. Siddekha, A. Nizam, M.A. Pasha, An efficient and simple approach for the
synthesis of pyranopyrazoles using imidazole (catalytic) in aqueous medium, and
the vibrational spectroscopic studies on 6-amino-4-(4’-methoxyphenyl)-5-cya-
no-3-methyl-1-phenyl-1,4-dihydropyrano[2,3-c|pyrazole using density func-
tional theory, Spectrochim. Acta A: Mol. Biomol. Spectrosc. 81 (2011) 431-440;
(d) M. Reddy, M.A. Pasha, One-pot, multicomponent synthesis of 4H-pyrano|[2,3-
c|pyrazoles in water at 25 °C, Indian J. Chem. 51 (2012) 537-541;

(e) M. Reddy, V.P. Jayashan Kara, M.A. Pasha, Glycine-catalyzed efficient synthe-
sis of pyranopyrazoles via one-pot multicomponent reaction, Synth. Commun. 40
(2010) 2930-2934;

(f) RY. Guo, Z.M. An, L.P. Mo, et al., Meglumine promoted one-pot, four-compo-
nent synthesis of pyranopyrazole derivatives, Tetrahedron 69 (2013) 9931-9938;
(g) Y.A. Tayade, S.A. Padvi, Y.B. Wagh, D.S. Dalal, 3-Cyclodextrin as a supramo-
lecular catalyst for the synthesis of dihydropyrano[2,3-c]pyrazole and spiro[indo-
line-3,4'-pyrano[2,3-c]pyrazole] in aqueous medium, Tetrahedron Lett. 56 (2015)
2441-2447.

Please cite this article in press as: M.R. Bhosle, et al., A facile synthesis of 6-amino-2H, 4H-pyrano|2,3-c|pyrazole-5-carbonitriles in deep
eutectic solvent, Chin. Chem. Lett. (2015), http://dx.doi.org/10.1016/j.cclet.2015.12.005



http://dx.doi.org/10.1016/j.cclet.2015.12.005

	A facile synthesis of 6-amino-2H, 4H-pyrano[2,3-с]pyrazole-5-carbonitriles in deep eutectic solvent
	1 Introduction
	2 Experimental
	2.1 Synthesis of deep eutectic solvent
	2.2 Synthesis of 6-amino-1,4-dihydro-4-(4-methoxyphenyl)-3-methyl-pyrano[2,3-с]pyrazole-5-carbonitrile (5a)
	2.3 Recycling of DES, choline chloride:urea

	3 Results and discussion
	4 Conclusion
	Acknowledgments
	References


