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ABSTRACT. Sodium gluconate presented as a category of biomolecule found to be a proficient and recyclable
organocatalyst for the synthesis of dihydropyrano[2,3-c]pyrazole derivatives via one-pot multicomponent reaction
of aryl aldehyde, malononitrile, ethyl acetoacetate and hydrazine hydrate in water as a solvent. The catalyst is non-
toxic in nature, commercially available, biodegradable and easily separated from the reaction mixture. Present
protocol avoids the use of the heavy metal catalyst, harsh reaction condition and the reusability of catalyst, broad
substrate scope, simple work-up procedure and excellent yield of products make this protocol greener.

KEY WORDS: Pyrano[2,3-c]pyrazole, Sodium gluconate, Multicomponent reaction (MCR), Knovenagel
condensation, Bio-based organocatalyst

INTRODUCTION

Advances in one pot multicomponent reactions (MCRs) become one of the powerful ways of
synthesizing medicinally important fused heterocycles. This area of MCRs has much attention
towards the eco-compatibility, energy minimization, waste minimization and increased atom
economy in one pot single step which becomes an effectual and fascinating method for organic
synthesis [1-3].

The increased attention on the use of novel catalyst and newer techniques via one pot multi
component reactions led to the integration of a variety of novelty in their line of investigation
[4-7]. The developments of newer catalyst which are in accordance with the principle of green
chemistry are mostly used in one pot synthesis of heterocyclic compounds [8-9]. The direct use
of commercially available biomolecules as a catalyst makes the processes simple and efficient
and gains the significance over the conventional catalytic system, since their biocompatibility
and known inclusive data about non-toxic nature allow them to enter into the category of
catalyst and accepted as an environmentally suitable methodology. In this regard, great efforts
have been performed to use different biomolecules like chitosan [10], B-cyclodextrin-
monosulphonic acid [11], meglumine [12], starch [13], cellulose [14], and sodium alginates [15]
as catalytic systems.

These catalysts have different active sites and the wide range of pH, promote the reactants to
achieve the activation energy for product formation and make an alternative to the catalysts like
heavy metal catalyst, nanocatalyst, ionic liquids, etc. However, the use of such molecules in
pure form without post modification, as catalysts is of great importance since they are easily
available, eliminate toxic metals, cost effective, biodegradable and eco-compatible. In this
context, sodium gluconate can play a major role as a natural and biodegradable salt.

Sodium salt of gluconic acid is commercially available in the form of white crystalline
powder having admirable solubility in water and partial solubility in alcoholic solutions. It has
carboxylate ion and three hydroxyl groups with chelating ability and resistance to oxidation and
reduction in aqueous media [16]. Sodium gluconate used in pharmaceutical and food industries
as cleaners and sizing agents. It also dissolves the mineral deposit in alkaline solution.
Especially this salt is characterized by many hydroxyl groups, which makes this species highly
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hydrophilic and immiscible with non-polar organic solvents and, consequently, makes the
product separation easy by extraction and follows the recovery of the catalyst. These features
persuade us to admit it as a catalyst for the one pot synthesis of dihydropyrano[2,3-c]pyrazole
derivatives.
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Figure 1. Structure of sodium gluconate.

Pyranopyrazole heterocycle is one of the resourceful beginning destinations of biologically
vital molecules. Since the biological activity of the pyran ring is closely linked to the core
structure substitution pattern and attachment of other ring motifs into the pyran frame could
significantly add to the parent molecule’s biological activity [17]. It is composed of fused five-
member pyrazole ring join to six-member pyran ring which participate in different biological
activities including anticancer [18], anti-inflammatory [19], antimicrobial, and antioxidant
activity [20]. However, they also act as Chkl kinase inhibitor and show vasodilatory and
molluscicidal activity [21], and antimicrobial activity [29]. Agriculturally their pronounced
effect has been observed as herbicide [22].

Recently, several amendments have been done for the synthesis of dihydropyrano[2,3-c]
pyrazole which involve the use of morpholine triflate [23], B-cyclodextrin [24], meglumine [25],
L-proline [26], Fe;0, nanoparticles [27], green cellulose-based nanocomposite catalyst [28],
lactic acid [29], isonicotinic acid [30], sodium dodecyl sulfate [31], molecular sieve [32],
DABCO [33], lipase [34], bovine serum albumin [35], deep eutectic solvent [36], Ag/TiO,
nano-thin films [37], Ba(OH), [38], polyphosphoric acid supported nanoparticles [39],
[Yb(OTH);] ytterbium triflate [40], and micellar medium [41].

By detailing the criteria for all these reported one pot synthesis, the insight and concepts
presented are projected to complete the reaction efficiently. Herein, we proposed a novel target
relevant method in terms of greenness for the synthesis of dihydropyrano[2,3-c]pyrazole by
using sodium gluconate as catalyst.

EXPERIMENTAL

General experimental procedure for the synthesis of dihydropyrano/2,3-c[pyrazole

To the mixture of ethyl acetoacetate (1 mmol), hydrazine hydrate (1 mmol), 15 mL of water and
10 mol% of sodium gluconate was added and stirred for 5-10 min then aldehyde (1 mmol) and
malononitrile (1 mmol) was added to the same reaction mass and was refluxed for the time
specified in (Table 3). Progress of reaction was monitored on TLC. After the completion of
reaction, the reaction mass cooled to room temperature and the obtained precipitate was filtered,
washed with aqueous ethanol and recrystallized to get the desired product. In order to recover
the catalyst, the filtrate was dried under reduced pressure and recovered catalyst was washed
with diethyl ether and reused for next reaction.
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Spectral data for representative compound

6-Amino-3-methyl-4-methyl-1,4-dihydropyrano|2, 3-c[pyrazole-5-carbonitrile (5a). FT-IR (KBr)
Vae (cm™): 3373, 3312, 3173, 2194, 1650, 1612, 1045, 764. '"H NMR (400 MHz, DMSO-dg): &
1.77 (s, 3H, CH3;), 4.59 (s, 1H, C-H), 6.88 (s, 2H, NH,), 7.15-7.33 (m, 5H, Ar-H), 12.11 (s, 1H,
NH) ppm; C NMR (100 MHz, DMSO-dy): § 9.77, 36.28, 57.20, 97.96, 120.84, 126.80, 127.51,
128.49, 135.67, 144.47, 154.81, 160.91 ppm.

6-Amino-4-(4-chlorophenyl)-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile  (5f).
FT- IR (KBr) e (cm™): 3410, 3309, 3178, 2918, 2189, 1645, 1601, 1401, 1279, 859; 'H
NMR (400 MHz, DMSO-dy): § 1.81 (s, 3H, CH;), 4.65 (s, 1H, C-H), 6.94 (s, 2H, NH,), 7.19-
7.23 (m, 2H, Ar-H), 7.3-7.4 (m, 2H, Ar-H ), 12.15 (s, 1H, NH) ppm; °C NMR (100 MHz,
DMSO-de): 6 10.2, 36.0, 57.2,97.6, 121.1, 128.9, 129.8, 131.7, 136.1, 143.9, 155.1, 161.3 ppm.

6-Amino-4-(4-fluorophenyl)-3-methyl-2,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile ~ (5m).
FT-IR (KBr) vp (cm™): 3337, 3224, 3117, 2195, 1652, 1525, 1491, 1400, 1349, 805, 733; 'H
NMR (400 MHz, DMSO-d): § 1.80 (s, 3H, CHj3), 4.65 (s, 1H, C-H), 6.94 (s, 2H, NH,), 7.13-
7.24 (m, 2H, Ar-H), 7.15-7.23 (m, 2H, Ar-H), 12.13 (s, 1H, NH) ppm; °C NMR (100 MHz,
DMSO-d¢): 8 10.2, 35.9, 57.5, 97.9, 115.5, 121.2, 129.7, 136.1, 141.1, 155.1, 160.2, 161.3,
162.6 ppm.

6-Amino-4-(4-bromophenyl)-3-methyl-2,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile ~ (5g).
FT-IR (KBr ) vy (cm™): 3397, 3309, 3183, 2190, 1644, 1599, 1402, 1073, 798; 'H NMR (400
MHz, DMSO-dg): 6 1.81 (s, 3H, CHj3), 4.63 (s, 1H, C-H), 6.95 (s, 2H, NH,), 7.13-7.17 (m, 2H,
Ar-H), 7.51-7.54 (m, 2H, Ar-H), 12.15 (s ,1H,NH ) ppm; "C NMR (100 MHz, DMSO-d¢): &
(ppm) 10.2, 36.1, 57.1, 97.6, 120.2, 121.1, 130.2,131.8, 136.1 ,144.3, 155.1, 161.4 ppm.

6-Amino-1,4-dihydro-4-(4-methylphenyl)-3-methylpyrano[2,3-c]pyrazole-5-carbonitrile  (5h).
'"H NMR (DMSO-d6, 400 MHz): 5 1.78 (s, 3H, -CHj), 2.26 (s, 3H, -CH3), 4.54 (s, 1H, C-H),
6.82 (s, 2H, -NH2), 7.04 (m, 2H, Ar-H), 7.12 (m, 2H, Ar-H), 12.06 (s, 1H, -NH) ppm; *C NMR
(DMSO-dg, 100 MHz): & 9.80, 20.67, 35.88, 57.37, 97.76, 120.88, 127.40, 129.03, 135.50,
135.75, 141.53, 154.8, 160.81; ES-MS: m/z 265.2 [M-H]".

RESULTS AND DISCUSSION

To optimize the reaction condition 4-methoxy benzaldehyde, malononitrile, ethyl acetoacetate
and hydrazine was chosen as model reaction substrate (Scheme 1). Initially, reaction was carried
out without any catalyst in aqueous media and it observed that only Knovengel product was
formed in lesser amount which proves the need of catalyst for the reaction. In order to evaluate
the effect of catalyst, various type of naturally occurring acids and their salts was incorporated
as a catalyst.

OCH;
O« _H
CN o OH CN
%
+ < + MOCHJF NH,NH, H,0 N
OCHj, CN 2’8 N™ S07 "NH,
1 2 3 4 5

Scheme 1. Model reaction.
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Table 1. The effects of various catalysts for the synthesis of dihydroprano-[2,3-c]-pyrazoles®.

Entry Catalyst Solvent Yield (%)°

1 Without catalyst Water NR®

2 Tannic acid Water 40

3 Tartaric acid Water 45

4 Sodium tartarate Water 58

5 Sodium citrate Water 65

6 Sodium lactate Water 70

7 Sodium ascorbate Water NR

8 Sodium succinate Water 35

9 Sodium chloride Water 60

10 Sodium gluconate Water 92

11 Glucinic acid (50%) Water 75

12 Sodium gluconate Ethanol 78

13 Sodium gluconate Methanol 60

14 Sodium gluconate DMF 50

15 Sodium gluconate Acetonitrile 45

16 Sodium gluconate n-hexane 22

17 Sodium gluconate Toulene 26
*Reaction conditions: 4-methoxybenzaldehyde (1 mmol), malononitrile (1 mmol), hydrazine hydrate
(1 mmol), ethyl acetoacetate (1 mmol), ctalyst (15 mol%), in respective solvent (10 mL) at reflux
temperature for 2 h. "Isolated yields. °NR = No reaction.

It observed that the use of tannic acid (Table 1, entry 2) as catalyst, gives a very less yield.
However tartaric acid and its sodium salt give the yields 45% and 58%, respectively (Table 1,
entry 3, 4). In case of sodium citrate and sodium lactate the yield was found to be moderate
(65% and 70%) in compared to sodium succinate (35%) and sodium ascorbate (0%) (Table 1,
entry 7 and 8). It was found that reaction seems to precede smoothly sodium chloride. (Table 1,
entry 9) When Sodium gluconate was used as a catalyst, the reaction was completed in a shorter
time with excellent yield of desired product. The reported work on gluconic acid aqueous
solution (GAAS) [42-44] encouraged us to check the catalytic role of GAAS for the synthesis of
dihydropyrano[2,3-c]pyrazole. The use of (GAAS 50%) revealed that sodium gluconate give
better yield than gluconic acid solution.

As the selection of an appropriate reaction medium is of crucial importance for the success
of the reaction so, the model reaction was screened by various solvents in the presence of
sodium gluconate at same reaction condition. The results show the effectiveness of solvents on
the product yield. The use of n-hexane and toluene, gave poor yield (Table 1, entries, 16, 17).
Polar protic solvents like ethanol, methanol gave a moderate yield as compare to polar aprotic
solvents (DMF, acetonitrile) (Table 1, entries, 12-15). It may possible that the slight solubility of
sodium gluconate in ethanol and methanol affects the catalytic activity and polar protic solvents
favour the formation of Knovenagel condensation and cyclization type of reactions. The best
conversion was observed when the reaction was performed in water (Table 1, entry 10) due to
the complete solubility of catalyst in water. Based on these results; water selected as the medium
for the further analysis.

It is observed that the low temperature was not favourable to complete the reaction. The
yield of reaction was obtained as 70% after 6 h at room temperature (Table 2, entry 1). Increase
of temperature up to reflux level reveals that reflux condition was suitable to get proficient yield
in short time. To evaluate the exact amount of catalyst under the same reaction condition, the
reaction was carried out in 10 mol% and 5 mol%, it observed that reaction proceeds rapidly at
15 mol% catalyst in 20 min in excellent yield; decrease amount of catalyst up to 10 mol% has
also given the same result but at 5 mol% yield decreased up to 80 % in one hour. So, 10 mol%
of catalyst was taken as an optimum catalyst concentration.
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Table 2. Impact of temperature and amount of catalyst”.

335

Entry Catalyst Temperature Time (min/h) Yield®
(mol %) (W) (%)
1. 15 RT 6hr 70
2. 15 40 3hr 78
3. 15 60 2hr 80
4. 15 80 40 min 86
5. 15 Reflux 20 min 92
6. 10 Reflux 20 min 92
7. 05 Reflux 1 hr 80
"Reaction condition: 4-methoxybenzaldehyde (1 mmol), malononitrile (1 mmol), hydrazine hydrate (1
mmol), ethylacetoacetate (1 mmol), sodium gluconate as catalyst in water (10 mL). *Isolated yield.

It can be hypothesized that the solubility of sodium gluconate in water balances the reaction
in support of product formation by enhancing the rate of reaction to deliver the desired product

in short reaction time.
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Figure 2. Possible mechanism for the synthesis of dihydropyrano[2,3-c]pyrazole derivatives.

As a part of green chemistry the reusability is a vital aspect, thus in order to recover the
catalyst the water was evaporated and the recycled catalyst was used for the next run and
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showed that it was able to carry out the same reaction up to three runs without loss of its
efficiency which reflects the good turnover number, i.e. maximum use that can be made of a
catalyst for a special reaction under defined conditions by a number of molecular reactions or

Amol Khandebharad et al.

reaction cycles.

Table 3. Synthesis of dihydropyrano [2, 3-c]pyrazole in the presence of sodium gluconate in water at reflux

temperature®,

R
0 N 9 9 dium gluconate 7 N
.+ < + Moc 25 NHNH, H,0 socumgueonze N ||
R™ H CN 2 reflux N™ ~07 “NH,
1(a-l) 2 3 4 5(a-)
Entry | R Time (min) Yield (%) Mp (°C) [Ref]
5a Ph 15 90 240-245 (243-245) [25]
5b 4-OCH3-Ph 20 92 208-210 (210-212) [25]
5c¢ Thiophene 30 82 222-224 (216-217) [25]
5d 4-N,N-dimethyl-Ph 40 85 162-166 (168-170) [23]
Se 3-methoxy,4-hydroxy-Ph 45 85 238-240 (238-240) [23]
5f 4-ClI-Ph 20 91 233-236 (236-238) [23]
5g 4-Br-Ph 25 90 180-182 (178-180) [23]
5h 4-Me-Ph 20 88 204-206 (206-208) [23]
5i 2-Cl-Ph 15 85 242-244 (245-246) [25]
5§ Aceatldehyde 45 82 158-160 (155-157) [32]
5k 2-methoxy-Ph 20 85 250-252 (249-250) [25]
51 4-OH-Ph 20 88 220-222 (220-223) [32]
5m 4-F-Ph 25 90 246-248 (244-246) [32]
“Reaction condition: aldehyde (I mmol), malononitrile (1 mmol), hydrazine hydrate (I mmol), ethyl
acetoacetate (1 mmol), sodium gluconate (10 mol%) as a a catalyst in 10 mL of water at reflux
temperature.’Isolated yield.

Table 4. Various reports for the synthesis of dihydropyrano[2,3-c]pyrazole.

S. No. | Catalyst Reaction Time Yield Ref.
condition (min) (%)
1 Glycerol 80-100 °C 100 91 45
2 (TBD)-anchored mesoporous silica Reflux 35 90 46
nanoparticle

3 Morpholine triflate Reflux 420 85 23
4 TUD 80 45 95 47
5 Lactic acid RT 25 95 29
6 [Hmim]HSO4 50 40 87 48
7 B-cyclodextrin 80 20 86 49
8 Cocamidopropyl betaine (CAPB) 50-60 9 88 50
9 Trichloroacetic acid 100 9 91 51
10 Sodium Gluconate Reflux 20 92 This work

The importance and relationship of obtained activity of sodium gluconate can be explained
with the concept of Brensted acids and base. In continuation of our study on green catalyst we
have contended the catalytic activity of sodium gluconate as Brensted base. There are number of
reports are available which demonstrated the salt of acid as a Brensted base to serve as active
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catalysts for a variety of synthetically useful reactions in organic chemistry. However, no
combination of sodium gluconate with other reactant in water at reflux temperature up to 5
hours has provided any side products.

An acceptable mechanism is shown in Figure 2. According to this mechanism the
carboxylate ion of gluconic acid species remove the hydrogen of malononitrile species and 3-
methyl-1H-pyrazol-5(4H)-one to get the enol form which will further cyclize with
arylidinemalononitrile, produces the desired product.

After optimization of reaction condition, the practical applicability and scope of reaction
was checked to large scale for different aldehydes by carrying out the reaction at multiple of
milligram level of reagents. The desired products were obtained in good yield. The scalability,
suitability and easy commercial availability of catalyst make this approach as flexible and
alternative to the best of other reported procedures. The obtained products were characterized by
spectral data and compared (MS, NMR) with authentic sample. In order to recover the catalyst,
the filtrate was dried under reduced pressure and recovered catalyst was washed with diethyl
ether and reused for next reaction. Degradation of sodium gluconate was not observed during
recycling for three cycles of reactions.

In order to clarify the use of sodium gluconate instead of gluconic acid, an explanation can be done by
targeting the features of gluconic acid which is normally existing in aqueous solution, which is a
compilation of an equilibrium mixture of acid and the ¥ and &-lactones, can be formed by concentration
and temperature parameters by exact mode of reaction can’t be predicted for the said reaction. In addition to
these criteria as we are going towards the usage of eco friendly strategy and avoidance of organic solvent,
the present methodology eliminates the process of extraction in isolating the product, which is occurred
during the use of Gluconic acid aqueous solution. To show the advatages of our method here we have
compared the recent reports in the literature on the synthetic methodologies of the aim products, which
mainly have used as the same strategy of one pot four component reactions, are given in Table 4.

CONCLUSION

Finally, we report a simple, efficient and eco-friendly alternative way to synthesize
dihydropyrano[2,3-c]pyrazole by using sodium gluconate as a catalyst in aqueous media. The
capability of catalyst to be applicable over wide range of substrate with respect to structure and
quantity is most important in the greener catalytic protocol of reaction. This technique of
applying readily available bio-based catalyst offers many advantages like simple procedure,
easy isolation of product without any separation technique, shorter reaction time with excellent
yield of products. The use of sodium gluconate as non-toxic, biodegradable and easily available
catalyst makes this method green.

ACKNOWLEDGEMENTS

We are thankful to Dr. J.D. Kabra, Principal J.E.S. College Jalna, for providing laboratory
facilities and his kind support in the completion of this work.

REFERENCES

1. Islami, M.R.; Abedini-Torghabeh, J.; Fatemi, S.J.; Hassani, Z.; Amiry, A. An efficient and
novel protocol for the synthesis of pyrazolo[5,1-a] isoindole derivatives. Synlett. 2004, 10,
1707-1710.

2. Ghonchepour, E.; Islami, M.R.; Mostafavi, H. Three-component reaction for an efficient
synthesis of 5-hydroxy-1-phenyl-1h-pyrazoles containing a stable phosphorus ylide moiety.
Phosphorus Sulfur Silicon Relat. Elem. 2018, 193, 459-463.

3. Cioc, R.C.; Ruijter, E.; Orru, R.V.A. Multicomponent reactions: Advanced tools for

Bull. Chem. Soc. Ethiop. 2019, 33(2)



338

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Amol Khandebharad et al.

sustainable organic synthesis. Green Chem. 2014, 16, 2958-2975.

Maleki, A.; Azadegan, S. Amine-functionalized silica-supported magnetic nanoparticles:
preparation, characterization and catalytic performance in the chromene synthesis. J. norg.
Organomet. Polym. Mater. 2017, 27, 714-719.

Maleki, A.; Movahed, H.; Ravaghi, P. Magnetic cellulose/Ag as a novel eco-friendly
nanobiocomposite to catalyze synthesis of chromene-linked nicotinonitriles. Carbohydr.
Polym. 2017, 156, 259-267.

Maleki, A.; Aghaei, M.; Ghamari, N. Facile synthesis of tetrahydrobenzoxanthenones via a
one-pot three-component reaction using an eco-friendly and magnetized biopolymer
chitosan-based heterogeneous nanocatalyst. Appl. Organomet. Chem. 2016, 30, 939-942.
Maleki, A.; Kari, T.; Aghaei, M. Fe;0,@SiO,@Ti0,-OSO;H: An efficient hierarchical
nanocatalyst for the organic quinazolines syntheses. J. Porous Mater. 2017, 24, 1481-1496.
Maleki, A.; Aghaei, M.; Hafizi-Atabak, H.R.; Ferdowsi, M. Ultrasonic treatment of
CoFe,04@B,05-Si0, as a new hybrid magnetic composite nanostructure and catalytic
application in the synthesis of dihydroquinazolinones. Ultrason. Sonochem. 2017, 37, 260—
266.

Maleki, A. Green oxidation protocol: Selective conversions of alcohols and alkenes to
aldehydes, ketones and epoxides by using a new multiwall carbon nanotube-based hybrid
nanocatalyst via ultrasound irradiation. Ultrason. Sonochem. 2018, 40, 460-464.

Hassani, M.; Naimi-Jamal, M.R.; Panahi, L. One-pot multicomponent synthesis of
substituted pyrroles by using chitosan as an organocatalyst. ChemistrySelect 2018, 3, 666—
672.

Madankumar, N.; Pitchumani, K. B-Cyclodextrin-monosulphonic acid catalyzed efficient
synthesis of 1-amidoalkyl-2-naphthols. ChemistrySelect 2017, 2, 10798-10803.

Rai, P.; Mishra, A.; Srivastava, M.; Yadav, S.; Tripathi, B.P.; Singh, J.; Singh, J. An amino
sugar promoted green protocol: a one-pot, meglumine-catalyzed, multicomponent strategy
for synthesis of multifaceted pyrroloacridin-1(2h)-one derivatives. ChemistrySelect 2017, 2,
2245-2250.

Verma, S.; Jain, S.L.; Sain, B. Starch immobilized ruthenium trichloride catalyzed oxidative
cyanation of tertiary amines with hydrogen peroxide. ChemCatChem 2011, 3, 1329-1332.
Vaddula, B.R.; Saha, A.; Varma, R.S.; Leazer, J. Tsuji-Trost N-allylation with allylic
acetates by using a cellulose-palladium catalyst. Eur. J. Org. Chem. 2012, 34, 6707-67009.
Dekamin, M.G.; Peyman, S.Z.; Karimi, Z.; Javanshir, S.; Naimi-Jamal, M.R.; Barikani, M.
Sodium alginate: An efficient biopolymeric catalyst for green synthesis of 2-amino-4H-
pyran derivatives. Int. J. Biol. Macromol. 2016, 87, 172-179.

Ramachandran, S.; Fontanille, P.; Pandey, A.; Larroche, C. Gluconic acid: Properties,
applications and microbial production. Food Technol. Biotechnol. 2006, 44, 185-195.
Puerta, D.T.; Mongan, J.; Tran, B.L.; McCammon, J.A.; Cohen, S.M. Potent, selective
pyrone-based inhibitors of stromelysin-1. J. Am. Chem. Soc. 2005, 127, 14148-14149.
Wang, F.Q.; Yang, H.; He, B.; Jia, Y.K.; Meng, S.Y.; Zhang, C.; Liu, H.M.; Liu, FW. A
novel domino approach for synthesis of indolyl tetrahydropyrano[4,3-c]pyrazole derivatives
as anticancer agents. Tetrahedron 2016, 72, 5769-5775.

Mandha, S.R.; Siliveri, S.; Alla, M.; Bommena, V.R.; Bommineni, M.R.; Balasubramanian,
S. Eco-friendly synthesis and biological evaluation of substituted pyrano[2,3-c]pyrazoles.
Bioorg. Med. Chem. Lett. 2012, 22 , 5272-5278.

Saundane, A.R.; Vijaykumar, K.; Vaijinath, A.V. Pyranopyrazole as antimicrobial and
antioxidant agents. Bioorg. Med. Chem. Lett. 2013, 23, 1978-1984.

Borhade, A.V.; Uphade, B.K. ZnS nanoparticles as an efficient and reusable catalyst for
synthesis of 4H-Pyrano[2,3-c]pyrazoles. J. Iran. Chem. Soc. 2015, 12, 1107-1113.

Ansari, A.; Ali, A.; Asif, M.; Shamsuzzaman, S. Review: Biologically active pyrazole
derivatives. New J. Chem. 2017, 41, 16-41.

Bull. Chem. Soc. Ethiop. 2019, 33(2)



23.

24.

25.

26.

27

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sodium gluconate: An efficient organocatalyst 339

Zhou, C.F.; Li, JJ.; Su, W.K. Morpholine triflate promoted one-pot, four-component
synthesis of dihydropyrano[2,3-c]pyrazoles. Chinese Chem. Lett. 2016, 27, 1686—1690.
Tayade, Y.A.; Padvi, S.A.; Wagh, Y.B.; Dalal, D.S. B-Cyclodextrin as a supramolecular
catalyst for the synthesis of dihydropyrano[2,3-c]pyrazole and spiro[indoline-3,4'-
pyrano[2,3-c]pyrazole] in aqueous medium. Tetrahedron Lett. 2015, 56, 2441-2447.

Guo, R.Y.; An, Z.M.; Mo, L.P.; Yang, S.T.; Liu, H.X.; Wang, S.X.; Zhang, Z.H. Meglumine
promoted one-pot, four-component synthesis of pyranopyrazole derivatives. Tetrahedron
2013, 69, 9931-9938.

Mecadon, H.; Rohman, R.; Kharbangar, I.; Laloo, B.M.; Kharkongor, I.; Rajbangshi, M.;
Myrboh, B. L-Proline as an efficicent catalyst for the multi-component synthesis 5-
carbonitriles in water. Tetrahedron Lett. 2011, 52, 3228-3231.

El-Remaily, M.A.E.A.A.A. Synthesis of pyranopyrazoles using magnetic fe;o4 nanoparticles
as efficient and reusable catalyst. Tetrahedron 2014, 70, 2971-2975.

Maleki, A.; Jafari, A.A.; Yousefi, S. Green cellulose-based nanocomposite catalyst: design
and facile performance in aqueous synthesis of pyranopyrimidines and
pyrazolopyranopyrimidines. Carbohydr. Polym. 2017, 175, 409-416.

Patil, D.R.; Kumbhar, D.R.; Deshmukh, M.B. Lactic acid: Novel, ecofriendly and efficient
catalyst for the one-pot synthesis of 1,4-dihydropyrano [2,3-c] pyrazole derivatives in
aqueous media. Int. J. Chem. Pharm. Sci. 2015, 6, 14-21.

Zolfigol, M.A.; Tavasoli, M.; Moosavi-Zare, A.R.; Moosavi, P.; Kruger, H.G.; Shiri, M.;
Khakyzadeh, V. Synthesis of pyranopyrazoles using isonicotinic acid as a dual and
biological organocatalyst. RSC Adv. 2013, 3, 25681-25685.

Devi, J.; Kalita, S.J.; Deka, D.C. A quick micelle-catalyzed one-pot synthesis of
spiro[indoline-3, 4"-pyrano[2, 3- ¢ ]pyrazoles] in water at room temperature. ChemistrySelect
2018, 3, 1512—1516.

Gujar, J.B.; Chaudhari, M.A.; Kawade, D.S.; Shingare, M.S. Molecular sieves: An efficient
and reusable catalyst for multi-component synthesis of dihydropyrano[2,3-c]pyrazole
derivatives. Tetrahedron Lett. 2014, 55, 6030-6033.

Waghmare, A.S.; Pandit, S.S. DABCO catalyzed rapid one-pot synthesis of 1,4-
dihydropyrano [2,3-c] pyrazole derivatives in aqueous media. J. Saudi Chem. Soc. 2017, 21,
286-290.

Bora, P.P.; Bihani, M.; Bez, G. Multicomponent synthesis of dihydropyrano[2,3-c]pyrazoles
catalyzed by lipase from Aspergillus niger. J. Mol. Catal. B Enzym. 2013, 92, 24-33.

Huang, X.; Li, Z.; Wang, D.; Li, Y. Bovine serum albumin: An efficient and green
biocatalyst for the one-pot four-component synthesis of pyrano[2,3-c]pyrazoles. Cuihua
Xuebao/Chinese J. Catal. 2016, 37, 1461-1468.

Manisha, Q.; Bhosle, R.; Khillare, L.D.; Dhumal, S.T.; Mane, R.A. A facile synthesis of 6-
amino-2H,4H-pyrano[2,3-F] pyrazole-5- carbonitriles in deep eutectic solvent. Chin. Chem.
Lett. 2016, 27,370-374.

Fatahpour, M.; Noori Sadeh, F.; Hazeri, N.; Maghsoodlou, M.T.; Hadavi, M.S.; Mahnaei, S.
Ag/TiO, nano-thin films as robust heterogeneous catalyst for one-pot, multi-component
synthesis of bis (pyrazol-5-ol) and dihydropyrano[2,3-c]pyrazole analogs. J. Saudi Chem.
Soc. 2017, 21, 998-1006.

Azzam, S.H. S.; Pasha, M.A. Simple and efficient protocol for the synthesis of novel
dihydro-1H-pyrano[2,3-c]pyrazol-6-ones via a one-pot four-component reaction.
Tetrahedron Lett. 2012, 53, 6834-6837.

Moeinpour, F.; Khojastehnezhad, A. Polyphosphoric acid supported on NijsZngsFe,Oy
nanoparticles as a magnetically-recoverable green catalyst for the synthesis of
pyranopyrazoles. Arab. J. Chem. 2017, 10, S3468-S3474.

Muthuraja, P.; Prakash, S.; Siva, G.; Muthusubramanian, S.; Manisankar, P. Expedient
ytterbium triflate catalyzed one-pot mulicomponent synthesis of spiro[indoline-3,4'-

Bull. Chem. Soc. Ethiop. 2019, 33(2)



340

41.

42.

43

44,

45.

46.

47.

48.

49.

50.

51.

Amol Khandebharad et al.

pyrano[2, 3-c]pyrazole]. ChemistrySelect 2017, 2, 10071-10075.

Tamaddon, F.; Alizadeh, M.A Four-component synthesis of dihydropyrano[2,3-c]pyrazoles
in a new water-based worm-like micellar medium. Tetrahedron Lett. 2014, 55, 3588-3591.
Zhou, B.; Yang, J.; Li, M.; Gu, Y. Gluconic acid aqueous solution as a sustainable and
recyclable promoting medium for organic reactions. Green Chem. 2011, 13, 2204-2211.
Guo, R.-Y.; Wang, P.; Wang, G.-D.; Mo, L.-P.; Zhang, Z.-H. One-pot three-component
synthesis of functionalized spirooxindoles in gluconic acid aqueous solution. Tetrahedron
2013, 69, 2056-2061.

Li, B.-L.; Li, P.-H.; Fang, X.-N.; Li, C.-X.; Sun, J.-L.; Mo, L.-P.; Zhang, Z.-H. One-pot
four-component synthesis of highly substituted pyrroles in gluconic acid aqueous solution.
Tetrahedron 2013, 69, 7011-7018.

Vekariya, R.H.; Patel, H.D. Glycerol mediated green and one-pot synthesis of 6-amino-1,4-
dihydropyrano [2,3-c]-pyrazole-5-carbonitriles under catalyst free conditions. Indian J.
Chem. Sect. B Org. Med. Chem. 2016, 55B, 999-1006.

Chem, A.J.; Karmakar, B. An organobase (TBD)-anchored mesoporous silica nanoparticle-
catalyzed green synthesis of dihydropyrano. Aust. J. Chem. 2016, 69, 1117-1123.

Vekariya, R.; Patel, K.; Patel, H. A green and one pot synthesis of a library of 1,4-
dihydropyrano[2,3-c]-pyrazole-5-carbonitrile derivatives using thiourea dioxide (TUD) as
an efficient and reusable organocatalyst. Res. Chem. Int. 2017, 42, 4683—4696.

Khazdooz, L.; Zarei, A. Bronsted acidic ionic liquid as a recyclable catalyst for the one pot
fourcomponent synthesis of substituted pyrano[2,3-c]pyrazoles. fran. J. Cat. 2016, 6, 69—
743

Tayade, Y.A.; Padvi, S.A.; Wagh, Y.B.; Dalal, D.S. B-Cyclodextrin as a supramolecular
catalyst for the synthesis of dihydropyrano[2,3-c]pyrazole and spiro[indoline-3,4'-
pyrano[2,3-c]pyrazole] in aqueous medium. Tetrahedron Lett. 2015, 56, 2441-2447.
Tamaddon, F.; Alizadeh, M. A four-component synthesis of dihydropyrano[2,3-c]pyrazoles
in a new water-based worm-like micellar medium. Tetrahedron Lett. 2014, 55, 3588-3591.
Karimi-Jaberi, Z.; Shams, M.M.R. trichloroacetic acid as a solid heterogeneous catalyst for
the rapid synthesis of dihydropyrano[2,3-c]pyrazoles under solvent-free conditions.
Heterocycl. Commun. 2011, 17, 177-179.

Bull. Chem. Soc. Ethiop. 2019, 33(2)



