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Abstract
Pyranopyrazoles are among the most distinguished, biologically potent, and exciting scaffolds in medicinal chemistry and 
drug discovery. Synthesis and design of pyranopyrazoles using functional modifications via multicomponent reactions 
(MCRs) are thoroughly found in synthetic protocols by forming new C–C, C–N, and C–O bonds. This review aims to focus 
on the biological importance of pyranopyrazoles as well as on a diverse synthetic approach for their synthesis using various 
catalytic systems such as acid-catalyzed, base-catalyzed, ionic liquids and green media-catalyzed, nano-particle-catalyzed, 
metal oxide-supported catalysts, and silica-supported catalysts. In this review, we have summarized data on the advancements 
in synthesizing pyranopyrazole from the last two decades to the mid-2023 and research papers describing the importance of 
these scaffolds. This review will be significant for synthetic organic chemists and researchers working in organic chemistry.
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Introduction

Heterocyclic nuclei have the potential to gain interest in 
a pharmacological activity for their application as a scaf-
fold in the intent of biologically potent compounds [1, 2]. 
Multicomponent reaction (MCR) is a process contained in 
a chemical reaction; the combination of three or more reac-
tants results in products in which all the reactions are essen-
tial parts of substantial chemistry. MCRs comply with sev-
eral of the strict requirements of good for organic synthesis. 
These protocols are valuable and efficient organic synthesis 
from easily offered starting compounds in a single phase 
with the intrinsic flexibility to create molecular complexi-
ties, and diversification by reducing time, cost, and waste 
material [3–5]. Pyranopyrazoles are privileged motifs with 
two nitrogen atoms in 1, 2-positions and because of its struc-
turally diverse biological range, one oxygen has received 
a lot of interest in medicinal chemistry [6]. Therefore, the 
progress of MCR in synthetic chemistry and methods for 
producing heterocyclic molecules have received Excellent 
focus. Pyranopyrazole is present in four isomeric forms such 
as pyrano[2,3-c] pyrazole (I), pyrano[3,2-c] pyrazole (II), 
pyrano[3,4-c] pyrazole (III), pyrano[4,3-c] pyrazole (IV), 
out of this isomeric form isomer pyrano[2,3-c] pyrazole (I) 
is broadly explored as it has high medicinal and industrial 
prominence in Fig. 1.

Pyranopyrazole rings possess broadly a variety of biologi-
cal processes, including antimicrobial [7], anti-inflammatory 
[8, 9], and anticancer [10]. In particular, pyranopyrazole is 
regarded as a scaffold in the therapy of inhibitors of human 
Chk1 kinase [11]. Some of these biologically active mol-
ecules are shown in Fig. 2.

Using pyrazole-5-ones and tetracyanoethylene com-
pounds, in 1973, Junek and Aigner synthesized pyrano [2,3-
c] pyrazole motifs (5) [12]. Later on, in the subsequent years, 
there was an overwhelming response to the development 
of (5), and several experimental pyrazoles on heterocyclic 
compounds were performed up to mid-2023. Earlier reviews 
and book chapters are fascinating, mainly focused on the 
synthesizing and therapeutic application of pyranopyrazole 
motifs and suggesting potential heterocyclic compound 
[13–16]. In recent years, efforts have focused on significant 

pyranopyrazole candidates with extensive biological activi-
ties. However, to our knowledge in recent years, the correla-
tion between pyranopyrazole derivatives and their biologi-
cal activities has yet to be reviewed. Thus, the idea of the 
current review is to sum up pyranopyrazole development 
strategies and biological activities for those committed to 
designing novel compounds in the near future. Herein, we 
summarized the synthesis of pyranopyrazole heterocyclic 
compounds, based on the classification of the nature of cata-
lysts Fig. 3.

General method for synthesis pyranopyrazole

Pyranopyrazole (5) synthesized using multicomponent reac-
tion (MCR) carried out four-component transformations. 
Ethyl acetoacetate (1) and hydrazine hydrates (2) were 
mixed into a round bottom flask and then aromatic alde-
hydes (3) and malononitrile (4) were added in the presence 
of a catalyst to offer a product. The general representation of 
(Scheme 1) and mechanism is given in Fig. 4.

Acid‑catalyzed reaction

Chaudhari et al. introduced an expedient and utilizing p-tol-
uene sulfonic acid-supported polystyrene as a reusable and 
active heterogeneous catalyst in an aqueous solution as part 
of a green one-pot synthesis method (5). Essential aspects 
of the current methodology are admirable yields, a wide 
range of substrates, a simple workup procedure, and an inex-
pensive approach synthesis of (5) (Scheme 2) [17]. Later, 
Moosavi-Zare et al. efficiently used boric acid in aqueous 
form, a green system for tandem reaction of (1), (2), (3), and 
(4) to offer (5), B(OH)3 catalyst in aqueous medium at 70 °C, 
and economical catalyzed reaction under mild condition 
(Scheme 2) [18]. Further, Abdolkarim Zare and co-workers 
did a synthesis of (5) employing the heterogeneous catalyst 
disulfonic acid imidazolium chloroaluminate [(Dsim)AlCl4], 
the accessible protocol is efficient, good-to-excellent yield, 
comparatively less time, and finally adherence to green pro-
tocol (Scheme 2) [19].

Ahad et al. have achieved a heterocyclic synthesis of 
compound (5) by using (1), with (2), (3), and (4) produced 
in situ were successfully used in a process via an effective 
organocatalyst aspartic acid-catalyzed Knoevenagel reac-
tion. A mixture of aqueous ethanol as a green medium, at 
room temperature offers good yields of reaction (Scheme 3) 
[20]. Zolfigol et al. introduced a straightforward and effec-
tive process for the preparation of (5) using condensation 
reactions of (1), (2) with 3-methyl-1H-pyrazol-5(4H)-one 
(6) in isonicotinic acid was used in the reaction as a bio-
logical and dual organocatalyst at 85 °C in neat condition to 
offer lesser reaction time of reaction (Scheme 3) [21].Fig. 1  Isomeric of pyranopyrazole
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A series of (5) was effectively synthesized in 2011 by 
Chavan et al. by using (1) with (2), and (3), with (4) in sili-
cotungstic acid  [H4(SiW12O40)] catalytic quantity at 60 °C 
it gives in clean reaction condition (Scheme 4) [22]. Javid 
et al. looked at using preyssler HPA supported  [NiFe2O4@
SiO2-Preyssler, (NFS-PRS)] for an effective synthesis of (5) 
via condensation of (1), (2), (3), and (4) at RT in an aqueous 

Fig. 2  Some bioactive 
pyrano[2,3-c]pyrazole motifs

Fig. 3  Classification following the nature of catalysts

Scheme 1.  Synthesis of (5) derivatives
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condition gives superior yields, accelerated reaction times, 
and reusable catalyst, which are key feature of this protocol 
(Scheme 4) [23]. Moosavi-Zare, et al. investigated in acetic 
acid-based [(cmpy)I] for the environmentally friendly one-
pot synthesis of (5) by reacting (3) with (1), (2), and (4) 
at 100 °C under neat condition and catalyst was reusable 
eight runs for the reaction (Scheme 4) [24]. S. Kondaban-
thini et al. developed synthesis (5), the reaction was carried 
out in Wang resin (Wang-OSO3H) acid catalyst by employ-
ing four components (1) (2) (3), and (4) in demineralized 
water under ultrasound irradiation with good yield. In silico 
interactions between compounds 5a and 5b and the residues 
GLN345 and ASN346 resulted in two significant H-bond 
interactions, which were reflected in their estimated total 
energy. Evaluation of 5a and 5b against SIRT1 revealed pro-
moter inhibitory activity in agreement with docking study 
findings in vitro. Compounds 5a and 5b were discovered to 
be the most active in this series (Scheme 4) [25].

Gein et al. have designed (5) through diethyl oxaloacetate 
sodium salt reacts with (1), (3), and (4) in a four-component 
reaction using acetic acid in EtOH to produce (5) with high 
yield of products (Scheme 5) [26].

Nguyen et al. developed a new synthetic protocol for the 
synthesis of (8) derivatives from (5) and aniline (7) at RT in 
ethanol and the presence of the catalyst which is amorphous 
carbon-supported sulfonic acid (AC-SO3H). This protocol 
AC-SO3H has many significant applications like good yield 
and cost-effective, non-poisons, and stability of catalyst 
(Scheme 6) [27].

Base‑catalyzed reaction

Darandale et al. introduced a convenient method using 
diversified substitution (1), with (2) and (3) with (4) 
diverse synthesis of (5) using mild  NaHSO3 in ultrasound 
irradiations in neat condition. This approach showed an 

Fig. 4  Propose mechanism of 
(5)
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environmentally benign effect with  reaction time with 
high yields of reaction (Scheme  7) [28]. Siddekhab 
et al. showed synthesis of (5) from (1), (2), (3), and (4) and 
mild organic base imidazole in aqueous media. Authors 
highlighted many advantages such as simple workup pro-
ducers, and high yield of reaction (Scheme 7) [29]. Ana-
toliy M. Shestopalov and co-workers describe the synthe-
sis of substituted (5) by using (1), (2), (3), and (4) protocol 

is an expedient toward (5) using  Et3N as a catalyst for 
reaction (Scheme 7) [30].

By utilizing isatin (9), (4), (2), and dialkyl acetylenedicar-
boxylates (10) in  Et3N, Pal et al. developed the synthesis of 
derivatives of (5). The authors screened numerous bases for 
experimental conditions to increase the reaction yield.  Et3N 
was effective in terms of yields and less time and one step to 
formed one C–O two C–C and two C–N bonds (Scheme 8) 

Scheme 2.  Synthesis of (5) using PS-PTSA, B(OH)3, and [(Dsim)AlCl4]

Scheme 3.  Aspartic acid and 
isonicotinic acid-catalyzed 
synthesis of (5)
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Scheme 4.  [H4(SiW12O40)], NFS-PRS, [(CMPY)I], and Wang-OSO3H-catalyzed synthesis of (5)

Scheme 5.  Synthesis of (5) 
using acetic acid
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Scheme 6.  Synthesis of (5) 
catalyzed by AC-SO3H

Scheme 7.  Synthesis of (5) 
using  NaHSO3, Imidazole, and 
 Et3N

Scheme 8.  Et3N-Catalyzed synthesis of (5)
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[31]. Kiyani et al. prepared (5) making a mild base using 
sodium benzoate, the condensation reaction of (1), (2), (3), 
and (4), in  H2O at RT for reaction to give good yields of 
reaction (Scheme 9) [32]. Kanchithalaivan et al. investigated 
aliphatic base [DIPEA] for the synthesis of newer protocol 
for diversified (5) domino reactions of (1), DMAD (10) with 
(2), (3), and (E)-N-methyl-1-(methylthio)-2-nitroethenamine 
(11) in ethanol. Synthesized derivatives have diversified to 
synthesizing previous compounds (5) for the same reaction 
condtion (Scheme 10) [33].

Sadeghian et al. have developed a simple and quick 
method for varied synthesis of (5). Compounds (12) 
with sequential multicomponent reactions of isotonic 

anhydride/isatin (9) and (2), 3-methyl-pyrazolones (6) by 
employing  Et3N as basic catalyst in  CH2Cl2 at RT. This 
approach offers various benefits including faster reaction 
times and good yields of reaction (Scheme 11) [34] D. 
A. Bakhotmah et al. developed a base-catalyzed heterocy-
clization reaction, which produces potentially bioactive 
(5). These compounds in both the one and two heterocy-
clic systems are combined on a single molecular scaffold. 
Additionally, the stated protocol has certain noticeable 
applications, such as quick response times and simple 
workup procedure (Scheme 12) [35]. Bania et al. devel-
oped a domino the Rauhut–Currier cyclization reaction 
within the unsaturated pyrazolones (15) and nitro-olefins 
(16) in the presence of DMAP catalytic asymmetric syn-
thesis of (5) with yields ranging from moderate to good, 
along with excellent diastereoselectivities, formation of 
homocoupled product. First-time use of nitrostyrene in the 
Rauhut–Currier cyclization reaction, these are some salient 
features of this reaction (Scheme 13) [36]. According to 
Prabhakaran et al., a three-component reaction in one pot 
involving (3), N-methyl-1-(methylthio)-2-nitroethamine 
(NMSM) (11), and thiazolidinedione (17) are catalyzed 
by piperidine and results in the production of derivatives 
of phenyl-pyrano-thiazol-2-one (17) formed. A simple and 
quick synthesis method using intramolecular O-cyclization 

Scheme 9.  Synthesis of (5) using sodium benzoate

Scheme 10.  Preparation of (5) 
using DIPEA

Scheme 11.  Preparation of (5) using  Et3N
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and domino Knoevenagel condensation results in a series 
of phenyl-pyrano-thiazol-2-one (18) derivatives with a 
moderate-to-good yield of product. It makes it easier to 
use multicomponent reactions in ways like lesser reaction 
times, being cost-effective, increasing structural diversity, 
and, most remarkably, purifying compounds using easy 
filtration (Scheme 14) [37]. Kumaravel et al. demonstrated 
an exact combination of MCRs from facile components in 
an aqueous medium within one step at room temperature. 

For the synthesis of pyranopyrazole-4H-chromene hybrid 
motif (5), two equivalents of (1), (2), (3), and (4) were 
treated with piperidine-catalyzed aqueous medium at RT 
offering good yields of product (Scheme 15) [38].

Fouda and colleagues synthesized a series of (5) motifs, 
the reaction was carried out (1), (2), (3), and (4) in the 
presence of secondary cyclic amine as piperidine in etha-
nol via non-conventional approach like Microwave Irradia-
tion at 400 W (Scheme 16) [39].

Scheme 12.  Preparation of (5) using NaOEt

Scheme 13.  DMAP-catalyzed 
synthesis of (5)
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Ionic liquids‑ and green solvents‑catalyzed reaction

Ebrahimi et al. introduce a simple synthesis of (5) using 
various (1), (2), (3), and (4) in Ionic liquids as 3-methyl-
1-(4-sulphonicacid)butylimidazolium hydrogen sulfate 
[(CH2)4SO3HMIM][HSO4]. The main features of the 
reaction are good yields, lesser reaction times, without 

chromatographic techniques and the reaction's catalyst's 
ability to be used again for reaction (Scheme 17) [40]. In 
brief, Syed Abed and co-workers have introduced an entirely 
new task-specific ionic liquid (TSIL), 2-carboxy-N,N-diethy-
lethanaminium acetate denoted  [Et2NH(CH2)2CO2H][ACO], 
as an eco-friendly catalyst. In situ-produced arylidenemalo-
nonitriles were used in the Knoevenagel reaction under neat 

Scheme 14.  Piperdine-catalyzed synthesis of (5) derivatives

Scheme 15.  Synthesis of (5) 
using piperidine

Scheme 16.  Synthesis of (5) using piperidine
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conditions to produce (5) and another dihydropyrano[3,2-
c]chromene. The proposed methodology was highlighted 
for its sustainable process, good-to-exceptional yields, 
no chromatographic purification, and the catalyst can be 
reused for up to six reaction cycles without losing activity 
(Scheme 17). [41]

Zonouz et al. developed a straightforward method for 
synthesizing (5) derivatives, an environmentally friendly 
reaction media, and a deep eutectic solvent. A simple oper-
ational methodology avoids using potentially hazardous 
solvents and catalysts in the reaction, allowing for shorter 
reaction durations and higher yields of the target molecules 
(Scheme 18) [42]. Hajipour and colleagues developed a 
four-component synthesis of (5) using a new approach by 
[H-NMP]HSO4] and  [ChCl][ZnCl2]2. IL has low-cost and 
reusable acidic ionic liquids with good-to-excellent yield 
of product. Using both an environmentally friendly safe 
IL findings indicated that ionic liquids in terms of their 
lack of by-products, and capacity to be reused for reaction 
(Scheme 18) [43]. In summary, Toreshettahally et al. have 
developed a rapid, green procedure for the four-component 
reaction of (2), (3), (4), and (1) Choline chloride–urea cata-
lyzed synthesis as an ecologically safe RT-IL for the pro-
duction of substituted (5) (Scheme 18) [44]. The condensa-
tion processes of four components in one-pot are (1), (2), 
(3), and propanedinitrile (4). Nimbalkar et al. reported the 
utilization of  [Et3NH][HSO4] from the Bronsted acid ionic 
liquid (BAIL) catalyst for the multicomponent synthesis of 
(5) under solvent-free conditions. Over currently employed 
reaction techniques, the innovative methodology has several 
benefits, providing high yields, a shorter reaction time, gen-
tle reaction conditions, and a reusable catalyst as a catalyst 
for multicomponent synthesis (Scheme 18) [45].

Four-component, one-pot synthesis of (5) was described 
by Deshmukh et al. with (1), (2), (3), and (4) in etha-
nol and [H-NMP][MeSO3] ionic liquid catalyst. It is an 

environmentally benign protocol, clean, quick, high-
yielding, and easily purifiable. Additionally, the reac-
tion process is fairly straightforward to workup. Conse-
quently, it can be applied to large-scale manufacture of 
(5) (Scheme 19) [46].

Bihani et  al. showed a completely eco-friendly and 
enhanced procedure for producing (5) by a four-component 
reaction comprising a combination of (1), (2), (3), and (4) in 
boiling water (1:1) at reflux. A similar synthesis was started 
from aliphatic aldehydes while performed without the use 
of a catalyst (Scheme 20) [47]. Dekamin et al. produced (5) 
using a four-component, one-pot reaction of (1), (2), (3), and 
(4). The intended medicinally significant (5) derivatives are 
produced utilizing the ball milling process at room tempera-
ture without using a catalyst or solvent. This approach has 
several advantages including mild reaction conditions, high 
quantitative yields, low cost, and easy set-up. It also does not 
use any hazardous catalysts or solvents (Scheme 20) [48]. 
Moosavi-Zare et al. use an acetic acid functionalized pyri-
dinium salt, 1-(carboxymethyl) pyridiniumiodide [CMPY]I, 
as a reusable catalyst for the one-pot tandem four-component 
condensation process of (5), a simple, an efficient, and an 
environmentally friendly synthetic process using (1), (2), 
(3), and (4) at 100 °C under neat condition (Scheme 20) 
[24]. Ramin Ghahramanzadeh and co-workers developed 
(5) using sulfonated carboxymethylcellulose (SCMC) het-
erogeneous catalysts. Sulfonated carboxymethyl cellulose 
was done using a novel, eco-friendly process. CMC dem-
onstrated the catalytic activity for multicomponent one-pot 
synthesis of (5), the biopolymer-derived solid acid catalyst 
derivatives using the reaction of (1), (2), and various (3) and 
(4) in EtOH. Some significant application of the reported 
protocol includes the usage of a stable, recoverable, and non-
toxic catalyst, a non-chromatographic product of purifica-
tion, and an environmentally friendly reaction (Scheme 20) 
[49].

Scheme 17.  [(CH2)4SO3HMIM]  [HSO4],  [Et2NH(CH2)2CO2H][AcO]-catalyzed synthesis of (5)
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M.R. Bhosle et al. developed a simple protocol for syn-
thesis (5) by one-pot cyclocondensation of (1), (2), (3), and 
(4) in DES. This method has facilitated the production of (5) 
in a shorter amount of time with higher yields (Scheme 21) 

[50]. Herein, Dwivedi et  al. have formed a brand-new, 
straightforward, an effective, synthesis of (5) using aryliden-
emalononitrile (19) and pyrazolone (6) in aqueous extract 
of Banana Peels (WEB) as a reaction medium at room 

Scheme 18.  Synthesis of (5) using deep eutectic, [H-NMP]HSO4, choline chloride–urea, and  [Et3NH][HSO4]

Scheme 19.  [H-NMP] 
 [MeSO3]-catalyzed synthesis 
of (5)
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temperature. Benefits of this protocol include an environ-
mentally benign with high-to-outstanding yields including 
quick reactions, and simple product isolation without the 
need for column chromatography. The method displays a 
green matrix, a high atom economy for reaction (Scheme 21) 
[51]. Ashishkumar katariya et al. developed regioselective 
synthesis of fully functionalized (5) in one-pot condensation 
of (6) or (1) and (2), (3) with NMSM (11) in [(EMIM)Ac] 
IL neat condition. Domino protocol involves Knoevenagel 
condensation followed by Michael addition and O-cycliza-
tion with an eradication of the methanethiol group, which 
created C–C, C–N, and C–O, bonds. Strategy's noteworthy 
features include excellent yield with rapid reaction times 
(Scheme 21) [52]. To produce (5) Sharifi Aliabadi et al. 
used the imidazole-based IL, 1-butyl-3-methylimidazolium 
hydroxide [Bmim][OH] as a catalyst. Synthesis of (5) was 
carried out using this organo-solid catalyst in a microwave 
at 230 W (Scheme 21) [53].

Katariya et al. (1) (2) (3), and (4) in ethanol at reflux con-
dition and [(EMIM)Ac)] as IL. This reaction has green, an 

efficient, and simple method for the synthesis of (5) deriva-
tives. This reaction offers outstanding yield. Conditions 
apply to a wide range of substrates and take less time to 
react to form compounds (5) (Scheme 22) [54]. Mali et al. 
investigated taurine-catalyzed green catalyst and prepared a 
new series of (5) containing isonicotinamide (20) spiroox-
indole, and indole moieties, for synthesis of (5) deriva-
tives, authors took four components (1), (2), (3), and (4) 
coupled together in the presence of ionic liquids taurine in 
water with good-to-excellent yield of reaction (Scheme 22) 
[55]. Amiri-Zirtol et al. reported a borax-catalyzed rapid 
and green synthesis protocol of (5) and xanthene-1,8-dione 
derivatives in an aqueous medium. The reported method dis-
played some prominent advantages like an inexpensive and 
easy-to-handle catalyst, high efficiency concerning time and 
yield, green solvent, and simple reaction set-up (Scheme 22) 
[56].  Chakraborty and co-workers reported a facile, produc-
tive, and green method for the synthesis of (5) compounds 
by using water-SDS-ionic liquid with a sequential multi-
component approach using (3), (4), and pyrazolin-5-one 

Scheme 20.  Preparation of (5) using catalyst-free, boiling water, [CMPY][I], and [CMS-SO3H]
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(6). This protocol has some key applicability such as high 
yield, environmentally friendly conditions, recyclability of 
the reaction medium, and chromatography-free purification 
(Scheme 22) [57].

Nano‑catalyzed reaction

Maleki and colleagues looked into the synthesis of (5) using 
isatin or acetophenones (9), (1), (2), and (3). This protocol 
offers mild conditions, quick reaction time, and high yields. 
They also provided a straightforward procedure for forming 
a brand-new functionalized magnetic NPs catalyst based on 
cellulose. The nanocomposite was easily separated using a 
magnet, and it was reused several times with no deteriora-
tion significantly in performance (Scheme 23) [58]. Unique 
features include an environmentally friendly, and biological 

approach for silver nanoparticles that have been designed by 
Jitender M. Khurana and co-workers using an easily acces-
sible aqueous leaf extract of Cinnamomum tamala as their 
stabilizing and reducing agent with the aid of these Ag NPs 
the production of (5). This technique is appealing and practi-
cal because of the catalysts, eco-friendliness simplicity of 
recovery, and capacity to be reused many times (Scheme 24) 
[59]. In an aqueous environment with a catalytic amount of 
CuI NPs, Safaei-Ghomi et al. investigated a unique process 
for highly functionalized (5) from (2), (3), (4), Meldrum's 
acid (21), and acid chlorides (22). The approach has several 
advantages including in situ synthesis of (1) gentle reaction 
conditions, and an easy workup procedure with excellent 
yields. Moreover, the catalyst was recoverable and could 
be used repeatedly with nearly constant catalytic activity 
(Scheme 25) [60].

Scheme 21.  DES, WEB, [EMIM][Ac], and [BMIM][OH]-catalyzed synthesis of (5)
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In this study, Kargar et  al. controlled the interaction 
between the inorganic complexes and the support material 
to combine an excellent activity magnetic NPs  Fe3O4@
NFC@Co (II) ending complex as a multi-nuclear catalyst. 
This treatment employs cobalt acetate, a technique that is 
favorable to the environment. It is possible to form (5) and 

the magnetic  Fe3O4@NFC@Co (II) as an eco-friendly, revo-
lutionary, and effective catalyst that has a high yield, rapid 
reaction time, and simple procedure (Scheme 26) [61]. Here, 
graphene oxide nanosheets (GO@melamine) on (ZnO NPs), 
and  Fe3O4 NPs were combined by Rezza et al. to make effec-
tive, multifunctional NPs  (Fe3O4 NPs). Additionally, two 

Scheme 22.  [(EMIM)Ac)], Taurine, Borax, [BMIM]Br, catalyzed synthesis of (5)

Scheme 23.  Synthesis of (5) by nano-Fe2O3 cellulose
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applications for the prepared  Fe3O4/GO@melamine-ZnO 
nanocomposites have been used for the first time as a cata-
lyst for the rapid synthesis of (5) derivatives with high yields 
(Scheme 26) [62].

Nesseri et al. rapidly developed a magnetic NPs-based 
hyper-branched polyglycerol catalyst in an aqueous solution 
from affordable starting materials, effectively catalyzing the 
synthesis of (5) in a neat environment at room temperature. 

Scheme 24.  Synthesis of (5) using of Ag NPs

Scheme 25.  CuI-catalyzed synthesis of (5)

Scheme 26.  Fe3O4/GO@melamine-ZnO and  Fe3O4@NFC@Co (II) NPs-catalyzed synthesis of (5) 
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These catalytics are simplicity of recovery from the reac-
tion using a magnet, and ability to be reused numerous 
times without appreciably deteriorating performance are 
further environmentally favorable qualities of the catalyst 
(Scheme 27) [63]. In the present study, Rahman et al. con-
centrated on the synthesis of an organo-nanocatalyst and 
using it to synthesis (5) derivatives as a magnetic organo-
nanocatalyst, vitamin B1 supported by  Fe2O3@SiO2 NPs 
was employed to synthesize (5) derivatives from (1), (2), 
(3), and (4) in a water–ethanol mixture at RT. The coordina-
tion of carbonyl oxygen and nitrile nitrogen by vitamin B1 
supported by  Fe2O3@SiO2 NPs increases the electrophilic 
character of the corresponding carbons for simple nucleo-
philic attack. In this work, the catalyst was recycled and 
used again up to 6 times after the reaction had ended without 
significantly losing any of its activity (Scheme 28) [64].

In this study, Babaei et al. synthesized (5) in  H2O:ethanol 
under reflux conditions with nano-Al2O3/BF3/Fe3O4 acting 
as a catalyst. The catalyst was removed from the reaction 

mixture by an external magnet, allowing it to be reused 
numerous times, without losing its activity. The benefits 
of this strategy include a straightforward purification pro-
cess and a clean, practical procedure (Scheme 29) [65]. 
Ghorbani et al. designed and prepared nanocatalysts (PhA-
zLa =  Fe3O4@SiO2@CPTES@PhAzPhDA@La) and char-
acterized them with different spectroscopic methods.The 
prepared nanocatalyst was used for the synthesis of a wide 
range of (5) from the reaction of (1), (2), (3), and (4) at 
110 °C with 64–97% yields at neat condition (Scheme 29) 
[66].

Khadijeh Saki and colleagues reported condensation reac-
tions within (1), (2), (3), and (4) to produce derivatives (5). 
This derivative was reacted with salicylaldehyde to produce 
nano-Fe-[phenylsalicylaldiminemethylpyranopyrazole]Cl2 
(23) (nano[Fe-PSMP]Cl2). Compounds (5) were produced 
using the completely characterized nano-Schiff base com-
plex, which also served as an effective catalyst (Scheme 30) 
[67].

Scheme 27.  Synthesis of (5) using MNP-HPG

Scheme 28.  Preparation (5) catalyzed by vitamin B1 supported by  Fe2O3@SiO2 NPs
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Sunil Tekale et al. described ZnO NPs-catalyzed synthe-
sis of (5) from (1), (2), (3), and (4) in an aqueous reaction 
medium, making it an environmentally friendly way to syn-
thesis (5). In an aqueous medium, a reusable heterogeneous 
nano-ZnO catalyst is used. This protocol was used without 
chromatographic method for purification that consumes 
minimum time are few of the noticeable applications of the 
current protocol. It successfully used nanocatalysis as green 

chemistry and synergistic effects (Scheme 31) [68]. In this 
study, Ali Maleki and co-workers fabricated a clay-based 
natural green magnetic nanocatalyst. Halloysite nanotubes 
(HNTs) were covalently grafted onto poly(ethylene imine), 
which were then loaded with magnetic NPs. For the produc-
tion of (5) derivatives,  Fe3O4@HNTs-PEI catalytic activity 
was evaluated. This heterogeneous catalyst demonstrated 
good efficacy in green media at RT and is readily recoverable 

Scheme 29.  Synthesis of (5) using (PhAzLa =  Fe3O4@SiO2@CPTES@PhAzPhDA@La) and  Al2O3/BF3/Fe3O4

Scheme 30.  Nano[Fe-PSMP]Cl2-catalyzed synthesis of (5) 

Scheme 31.  Synthesis of (5) using  Fe3O4@HNTs-PEI and ZnO NPs
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from the reaction mixture using an external magnet, allow-
ing for reuse at least 8 times without loss in catalytic activity 
(Scheme 31) [69].

According to Abd El Aleem et al. magnetic  Fe3O4 NPs 
worked well as a heterogeneous catalyst and combination 
of (1), (2), (3), and (4) in water at RT to produce a series of 
(5). Accordingly, results were attributed to the catalyst's abil-
ity to function as a nano-size of nearly 16 nm. The advan-
tages of this reaction are rapid reaction times, clean, simple 
purification, high yields, and affordable catalyst availability 
(Scheme 32) [70]. Safaei-Ghomi et al. developed a simple 
method for the synthesis of (5) derivatives using a one-pot, 
four-component condensation process of (1), (2), (3), and 
(4) using  ZnFe2O4 NPs in a solvent-free and eco-friendly. 
Benefits of this approach include short reaction times, high 
yields, simplicity of set-up, and environmental friendliness 
(Scheme 32) [71].

Borhade et al. investigated ZnS NPs in the RT for synthe-
sis of (5) as a heterogeneous catalyst utilizing the grinding 
process, hydrothermal process was utilized to synthesis the 

ZnS nanoparticles, and they are easily recoverable and reus-
able for up to 5 runs no significantly losing their catalytic 
activity (Scheme 33) [72]. Parallel, Saha et al. synthesized 
(5) using  ZrO2 NPs used for reaction at room temperature, 
active hydroxyl, oxide, and  Zr4+ may be present on the sur-
face of  ZrO2 NPs, functioning as Lewis's acids or bases after 
the  10th cycle, the  ZrO2 NPs tetragonal plane and catalytic 
activity remained unaltered (Scheme 33) [73].

Safari et al. used montmorillonite K-10 as the template, 
3-aminopropyltriethoxysilane as the linker, and chlorosul-
fonic acid as the source of  SO3H to generate zwitterionic 
sulfamic acid functionalized nano-clay MMT-ZSA. Catalyst 
was investigated in the multicomponent reaction involving 
(2), (4), (1) and carbonyl compounds (1,2-di ketones and 
benzaldehyde derivatives) (24) to produce (5) derivatives 
under clean circumstances. Compounds listed above were 
synthesized using this approach with quick reaction times 
and high-to-exceptional yields. Mild process, heterogeneous 
reaction conditions, a wide range of functional group toler-
ance, and catalyst reusability are significant features of the 

Scheme 32.  ZnFe2O4 and  Fe3O4 NPs-mediated synthesis of (5)

Scheme 33.  ZnS and  ZrO2 NPs-catalyzed synthesis of (5)
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reaction (Scheme 34) [74]. Parallelly Dadaei et al. showed 
an efficient method for the synthesis of (5) derivatives by 
using  CoCuFe2O4 silica-supported behavior melamine as a 
magnetic nanocatalyst. On the surface of a nanostructure, 
a catalyst potential active site has functionalized. These 
magnetic nanocatalyst key advantages are its efficiency as a 
heterogeneous catalyst, ease of application, minimal catalyst 
use, non-toxicity, high yields and simple set-up of the end 
products, rapid reaction times, and repeatability. Excellent 
magnetic and chemical stability can be found in the cen-
tral core nanoparticles. As a result, cobalt ferrite's magnetic 
moment relaxes far more slowly than magnetite with a simi-
lar particle size (Scheme 34) [75].

The distinctive Nd-Salen Schiff base complex immo-
bilized mesoporous silica was produced by Rather et al. 
using a catalyst to adsorb  NdCl3 on mesoporous-SiO2 
(Nd-SM). It was employed as a catalyst for the synthesis 
of (5) at 70 °C in a neat condition. The catalyst was recy-
cled up to six times for the reaction (Scheme 35) [76]. 
An IL-based nanocatalyst  (Fe3O4@SiO2@(CH2)3NH@ 
CC@Imidazole@SO3H) was claimed to have been syn-
thesized by Akbarpour et al. while the activity of the cata-
lyst was investigated in the synthesis of (5) derivatives, 

the prepared catalyst was characterized using a variety 
of spectroscopic techniques. The reaction was carried 
out within a minimum time and high yield using starting 
materials (3), (6), and (4) in the presence of the catalyst in 
solvent-free condition at 110 °C (Scheme 35) [77].

Mahtab Moeinimehr et al. studied the novel heterogene-
ous and recyclable catalyst Nano-N-sulfonated  (SO3H) phth-
alocyanine molten salt (vanadium-oxo pyridiniumporphy-
razinato sulfonic acid) [VO(TPPASO3H)]Cl. The catalyst, 
which has two active sites, is used for synthesis of (5) and 
its different derivatives. Protocol provides significant advan-
tages such as shorter reaction times, high yields, simple set-
up, and moderate reaction conditions (Scheme 36) [78]. 
According to Fereshte et al., the catalyst used hydrolyzed 
Arabic gum-g-polyacrylonitrile/ZnFe2O4 (Hyd AG-g-PAN/
ZnFe2O4) for efficient production of (5) from (4), (3), (2), 
and (1). Zinc ferrite magnetic particles, Arabic gum (AG) 
as the support, N, N-methylene bisacrylamide crosslinking 
with ammonium persulfate as an initiator, and alkaline solu-
tion for hydrolyzation, which has distinct acidic and basic 
sites and a soft three-dimensional cross-linked framework, 
could be used as an effective catalyst for the synthesis of (5). 
Additionally, before losing its effectiveness the catalyst can 

Scheme 34.  Preparation of (5) mediated by MMT-ZSA and  CoCuFe2O4 NPs
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be used at least 6 more times in subsequent reaction cycles 
at 80 °C was reusability (Scheme 36) [79].

Bread waste from  CoFe2O4@TBW was used by Firouz 
Matloubi Moghaddam et al. to produce core–shell magnetic 
NPs. The required technique was used to characterize the 
prepared heterogeneous catalyst. Synthesis of (5). Addi-
tionally, the new heterogeneous magnetic catalyst is eas-
ily recoverable with a magnet and reused up to 10 times 
with no significant loss of catalytic activity, making it both 
environmentally safe and financially feasible to carry out 
the desired transformations (Scheme 37) [80]. Heterogene-
ous catalytic system developed by Bagherian Jamnani et al. 
used g-C3N4/THAM. To design the derivatives of (5) and in 
multicomponent reactions (MCRs), the innovative g-C3N4/
THAM NPs were characterized and appropriately examined. 
Relevant reaction products were generated with exceptional 
efficiency by tuning the previously reported NPs, and the 
reversibility process was afterwards examined. The eco-
logically friendly g-C3N4/THAM nanocatalyst was used to 
catalyze the processes using ethanol (Scheme 37) [81]. The 
special  Fe3O4-TiO2 nanocatalyst made of naturally occur-
ring magnetic biochar was synthesized by Dharmendra et al. 
that characterized it and used to synthesize physiologically 

active (5) derivatives using (1), (2), (3), and (4) operated at 
60 °C, the reaction was conducted with good yield while 
using  H2O: EtOH as the solvent. This operationally easy 
technology has many benefits such as simple workup and 
purification methods, a short reaction time, high atom effi-
ciency, cheap cost, and magnetically separable NPs. Test-
ing for antimicrobial activity was done on the final products 
(5). Studies show that the synthesized compounds exhibit 
significant antibacterial activity against the fungus Candida 
albicans, the Gram-positive and Gram-negative bacteria 
(Scheme 37) [82].

According to Arghan et al. introducing n-Fe3O4/PVAm 
as a catalyst, the authors used the developed mixed nano-
composite in the orderly synthesis of (5) derivatives at RT. 
With its free primary amino groups, the n-Fe3O4/PVAm 
nanocomposite acts as a base catalyst in the process and 
reused up to 9 times without any loss of catalytic activity 
(Scheme 38) [83].  Afruzi et al. reported the preparation 
of PAN@melamine/Fe3O4 organometallic nanocomposite 
 Fe3O4 MNPs, the synthesis nanocomposite was used to 
synthesize (5) as a heterogeneous catalyst. With a straight-
forward workup procedure, corresponding compounds 
were produced in excellent yields. Additionally, there was 

Scheme 35.  Preparation of (5) using Nd-SM and  (Fe3O4@SiO2@(CH2)3NH@CC@Imidazole@SO3H)

Scheme 36.  Synthesis of (5) using [VO(TPPASO3H)]Cl and [AG-g-PAN/ZnFe2O4]
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no loss of catalytic activity when the produced NPs were 
recycled and utilized repeatedly in both multicomponent 
reactions (Scheme 38) [84].

In 2017, Dandia et al. synthesized (5) derivatives via 
reaction of different (1) with (6) at RT. The greater and 
widely spread Lewis’s acid sites of the composite Ag NPs/
GO used in this study increase the reactant and interme-
diates reactivity towards the Knoevenagel–Michael addi-
tion process by subsequent cyclization. According to this 
technique, aryl methylene bis-pyrazolols and aryl meth-
ylene pyrazolones (6) are significantly less selective than 
pyranodipyrazolones (25) at least 7 repetitions of recovery 

and reuse of the catalyst were possible without losing any 
catalytic activity (Scheme 39) [85].

Azarifar et  al. have carried out the fabrication of a 
magnetic acidic catalyst supported by titanomagnetite 
nanoparticles  (Fe3-xTixO4). The  Fe3-xTixO4@SO3H 
nanoparticles were synthesized by functionalizing these 
NPs with sulfonic acid groups and a catalyst was used for 
the synthesis of (5). Catalysts having certain advantages 
such as reusable nanoparticles were employed for the reac-
tion (Scheme 40) [86]. Fatahpour, et al. derivatives of (5) 
were made in EtOH:H2O at 70 °C using Ag/TiO2 nano-thin 
sheets as a strong, environmentally friendly, and recyclable 

Scheme 37.  Preparation of (5) using g-C3N4/THAM,  CoFe2O4@TBW, and Biochar/Fe2O4-TiO2

Scheme 38.  Preparation of (5) using PAN@melamine/Fe3O4 and n-Fe3O4/PAM
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catalyst (Scheme 40) [87]. Karami et al. developed a new 
and efficient silica-coated magnetite nanocatalyst  (Fe3O4@
SiO2@PTSDABA) that was synthesized and confirmed by 
different spectroscopic methods. Successfully employed 
for biologically potent (5) derivatives with excellent yield, 

the catalyst was recovered by magnetic separation method. 
The prepared catalysts can be used repeatedly without sig-
nificantly losing their catalytic activity (Scheme 40) [88]. 
Darabi et al. reported that KIT-6@SMTU@Ni was syn-
thesized as a novel and green heterogeneous catalyst via 

Scheme 39.  Ag NPs/GO-catalyzed synthesis of (5)

Scheme 40.  Synthesis of (5) mediated  Fe3-xTixO4@SO3H, Ag/TiO2,  (Fe3O4@SiO2@PTSDABA), and KIT-6@SMTU@Ni
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a new technique of Ni (II) complex stabilization on modi-
fied mesoporous KIT-6, while confirmed by various spec-
troscopic techniques. Synthesis of (5) was successfully 
carried out by employing nanocatalyst (KIT-6@SMTU@
Ni). Moreover, synthesizing (5) via the condensation reac-
tion of (3) with (4), (2), and (1) with high and excellent 
yields, simple workup, and prominent highlight of this 
protocol, KIT-6@SMTU@Ni can be excellent separation 
(Scheme 40) [89].

In a four-component reaction involving benzyl halide, 
(4), (10)/(1), and (2), Beerappa et al. employed silver oxide 
 (Ag2O) and n-methyl morpholine N-oxide (NMO) as cata-
lysts to synthesize (5) (Scheme 41) [90]. Ghasemzadeh et al. 
reported a simple and worthwhile protocol for synthesizing 
copper ferrite NPs supported on IRMOF-3/GO[IRMOF-3/
GO/CuFe2O4]. Synthesized NPs IRMOF-3/GO/CuFe2O4 
were fully characterized by different techniques. Prepared 
NPs were employed in the synthesis of (5) through (2), (1), 
(3), and (4) placed in ultrasonication irradiation furnish-
ing the good-to-excellent yield of the desired product. A 
significant application of NPs displays high catalytic activ-
ity, compatibility, short reaction times, and high efficiency 
(Scheme 41) [91].

Masoomi, a co-worker in 2015 used  BF3 bound nano-
Fe3O4  (BF3/MNPs) as a versatile catalyst for the synthesizing 
of (5), synthesized  BF3/MNPs NPs at three calcination tem-
peratures, and used synthetic application. A variety of tech-
niques were used to characterize this catalyst (Scheme 42) 
[92].  Gholtash et al. reported newer magnetic NPs based 
on the immobilization of tungstic acid on to  TiO2-coated 
 Fe3O4 NPs that have had 3-chloropropyl grafted onto them 
 (Fe3O4@TiO2@  (CH2)3OWO3H) was synthesized, fully 
characterized, and used for the preparation of series of (5). 
Using (6) and (3), the mixture was stirred in the presence 
of a novel catalyst under neat conditions at 80 °C for the 
required time. This methodology provides excellent yields, 
non-toxic, and thermally stable catalysts that exhibit good 
catalytic activity and can be reused for five catalytic cycles 
without any loss (Scheme 42) [93].

Moradi et al. reported the synthesis of biochar NPs (Ni-
MP(AMP)2@Fe-biochar) from chicken manure, and the 
prepared biochar NPs were magnetized through an envi-
ronmentally benign method. Synthesis of series of (5) from 
four-component condensation of (1), (2), (3), and (4) was 
in EtOH under reflux. Using magnetically reusable cata-
lysts with excellent yield, the feature of this reaction is easy 

Scheme 41.  Preparation of (5) using IRMOF-3/GO/CuFe2O4 and  Ag2O/NMO

Scheme 42.  BF3/MNPs and  (Fe3O4@TiO2@(CH2)3OWO3H) catalyzed by synthesis of (5)
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workup and chromatographic separation is not required for 
purification. Catalyst (Ni-MP(AMP)2@Fe-biochar) can be 
retrieved and reused for up to 9 runs with no prominent loss 
in its catalytic activity (Scheme 43) [94]. Copper NPs sup-
ported by magnetite were created by Badbedast et al. using 
a straightforward co-precipitation method, and they were 
then characterized using a variety of spectroscopic methods. 
In the synthesis of (5), the catalytic activity of the  Fe3O4@
PDA/CuCl2 combination was investigated. The catalyst's 
ability to generate (5) with high to acceptable yields at low 
loadings without the use of an external reducing agent is 
illuminating. In addition, the created heterogeneous cata-
lyst can be recycled an additional six times with little to no 
loss of catalytic activity (Scheme 43) [95]. Lashkari et al. 
reported the synthesis of (5). The reactions of (6) and (4) 
were placed under ultrasonic irradiation in the presence of 
ZnO-NiO-Fe3O4 nanocomposite catalyst in aqueous ethanol 
solvent medium at an appropriate time to offer the corre-
sponding (5) with good-to-excellent yield (Scheme 43) [96].

Metal oxide‑catalyzed reaction

Maddila et al. described ceria-doped zirconia  (CeO2/ZrO2)-
catalyzed synthesis of (5) via four-component reactions of 
(1), (2), (3), and (4). Catalytic material  CeO2/ZrO2 was syn-
thesized, characterized, and used for the synthesizing of (5). 
This protocol was good-to-outstanding yield, eco-friendly of 

this development consists of a simple workup, less reaction 
time, avoidance of chromatographic separation and elimina-
tion of toxic solvents, less expensive, and is a highly reus-
able catalyst (Scheme 44) [97]. A novel mixed-ligand Ni 
(II) complex, [Ni(L)(mimi)], was synthesis by Ebrahimipour 
et al. by reacting 4-bromo-2-[(2-hydroxy-5-methylphenyl]
iminomethyl] phenol  [H2L], Ni(OAc)2  4H2O, and 1-methyl-
imidazole in two forms of NPs and bulk sizes, respectively. 
The four-component synthesis of (5) from a stoichiometric 
combination of (1), (2), (3), and (4) in ethanol was found to 
be successfully catalyzed by [Ni(L)(mimi)] in both its bulk 
and nano forms. Additionally, the complex nano form has 
a higher catalytic activity (Scheme 44) [98]. In the present 
work, using nitrogen-doped graphene oxide (NGO) as a cat-
alyst, Palaniswamy Suresh and colleagues have established 
a simple and sustainable approach for the one-pot produc-
tion of the compound (5). Currently, available carbonaceous 
NGO facilitates the synthesis of (5) from various (3) and 
ketones in the absence of solvents and with simple grinding 
procedures (Scheme 44) [99].

Organo‑catalyzed reaction

Hilmy Elnagdi et al. employed the multicomponent reac-
tion (MCR) of (1) and (4) with active methylene (27) and 
L-proline to form (5). This protocol has stereo specifically, 
in good yields of reaction (Scheme 45) [100]. Muramulla 

Scheme 43.  Synthesis of (5) using Ni-MP(AMP)2@Fe-biochar,  Fe3O4@PDA/CuCl2, and ZnO-NiO-Fe3O4
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et al. established an important, entirely novel organocata-
lytic mode of the modularly constructed catalyst (MDOs) 
and used the investigation of the tandem Michael addi-
tion–cyclization reaction and benzylidenemalononitriles 
(19) to form (5) with high yields of enantioselectivities 
product (Scheme 45) [101].

Through a Thorpe–Ziegler type reaction and cinchona 
alkaloid-catalyzed tandem Michael addition reaction 
between (19) and 2-pyrazolin-5-ones (6), Gogoi et al. were 
able to produce the first enantioselective synthesis of (5). 
By synthesizing these two components on-site from basic, 

easily available starting materials, a reaction can likewise 
be carried out in a three- or four-component method with 
outstanding yields obtained for the intended products (5) 
(Scheme 46) [102]. Synthesis of medicinally important (5) 
using reasonably priced, non-toxic, and biodegradable tris-
hydroxymethylaminomethane (THAM) catalyst, has been 
the subject, it is a very interesting article by Wadgaonkar 
and co-workers. The practical utility of this MCR process 
has been greatly enhanced at RT. It has broad scope, avoid-
ance of conventional isolation and purification approaches, 
and the reusability of the catalyst for 5 successive runs for 

Scheme 44.  Synthesis of (5) mediated  CeO2/ZrO2, NGO, and [Ni(L)(mimi)]

Scheme 45.  Synthesis of (5) mediated L-proline and MDO
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reaction (Scheme 46) [103]. In a study by Madhusudana 
Reddy et al. in 2010, the rapid and high-yielding synthesis 
of fused (5) from (1), (2), (3), & (4) in an aqueous medium 
at 25 °C was carried out using the amino acid as a glycine 
as an organocatalyst (Scheme 47) [104]. Kangani et al. 
introduced maltose which is used as an organocatalyst in 
a one-pot, four-component reaction with (1), (2), (3), & (4) 
under traditional, solvent-free with heating to synthesis (5) 
(Scheme 47) [105].

Organocatalyst ammonium triflate has been utilized in 
several processes. To synthesize (5), Zhou et al. described 
using (1), (2), (3), & (4). Authors optimized the look at sev-
eral ammonium triflates. The effective one, MorT, provided 
the highest yield among the rest of the catalysts (Scheme 48) 
[106].

Silica‑supported catalyzed reaction

Atar et al. have developed for the first time a four-compo-
nent, one-pot cyclocondensation process comprising (1), (2), 

(3), and (4) utilizing silica-supported tetramethylguanidine 
as a heterogeneous catalyst, which is an effective, and rapid 
method for making diversity-oriented (5) derivatives. Pro-
tocol showed to be an efficient protocol in terms of good 
yields, quite simple workup, and simplicity in the recovery 
of catalyst. Moreover, this method is better pertaining to 
the quantity of catalyst, green media, and less reaction time 
(Scheme 49) [107]. Khazdooz et al. used (1), (2), (3), and 
(4) as building blocks and  Ca9.5Mg0.5(PO4)5.5(SiO4)0.5F1.5 
serves as a heterogeneous catalyst for the synthesis of (5). 
The reaction was carried out in a mild reaction condition, at 
70 °C. By using this green procedure, the key benefits cur-
rent process include a catalyst that produces products with 
high yields in a shorter time (Scheme 49) [108]. Sinija et al. 
described here a straightforward, green, and extremely 
effective method for (5) by developing a Ti-grafted poly-
amidoamine dendritic silica hybrid catalyst. Loading of low 
catalysts has high product yields, simple set-up, quicker 
reaction times, and the possibility to reuse the catalyst, and 
these are some of the main benefits of the current process 

Scheme 46.  THAM-catalyzed 
synthesis of (5)

Scheme 47.  Preparation of (5) mediated by glycine and maltose
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(Scheme 49) [109]. Here, (1), (2), (3), and (4) react in one 
pot in water at 60 °C and nano-magnetic piperidinium ben-
zene-1,3-disulfonate, to synthesize (5) derivatives. Vaghei 
et al. developed a straightforward, effective protocol. It was 
fabricated to support IL with  Fe3O4@SiO2 NPs. The current 
protocol has many benefits including rapid and clean reac-
tions, simplicity in a purification process, good-to-excep-
tional yields, and readily recoverable catalyst (Scheme 49) 
[110].

According to Shaterian et al., the four-component, sol-
vent-free synthesis of (5) was done by using (1), (2), (3), 
and (4) in the presence of  P2O5/SiO2,  H3PO4/Al2O3. This 
method has the advantages of using inexpensive, non-toxic 
components, simple and clean workup, short reaction times, 
and good reaction product yields (Scheme 50) [111]. Dadaei 
et al. reported efficient  CoFe2O4 silica-supported bearing 
melamine as magnetic NPs for preparation (5) derivatives. 
The main benefits of these magnetic NPs are their ease of 
synthesis, effectiveness as heterogeneous NPs, mildness, 
minimal need for catalyst, high yields and rapid reaction, 
ease of workup, and reusability. It also displays excellent 
chemical and magnetic stability of the catalyst (Scheme 50) 
[112].

Miscellaneous reactions

Bihani et al. developed an advantageous protocol for indus-
try and academia for the synthesizing of a series of (5) by 
using an extremely efficient catalyst Amberlyst A21 by a 
four-component reaction in a mixture of (1), (2), (3), and 
(4) ethanol at RT. The catalysts have facile recovery and 
reuse, rapid reaction times, and no chromatographic puri-
fication with outstanding yields (Scheme 51) [113]. In a 
four-component one-pot reaction involving (1), (2), (3), and 
(4) plus a phase transfer catalyst, Ablajan et al. synthesize 
a series of (5). Products with high yield were obtained uti-
lizing 30 mol% HDBAC as a catalyst (Scheme 51) [114]. 
Abdelmadjid Debache and colleagues present a simple and 

risk-free method for the synthesis of (5) using a four-com-
ponent condensation of a different (3) and (1), (2), and (4). 
Triphenylphosphine catalyzes this condensation reaction 
(Scheme 51) [115].

Mecadon et al. developed an effective four-component 
synthesis of (5) involving (1), (2), (4) various (3) utilizing 
L-proline in aqueous conditions (10 mol %) in a mild reac-
tion environment to produce high yields. Moreover, a com-
parison of L-proline and KF alumina was used (Scheme 52) 
[116]. Zhan-Hui Zhang and co-workers demonstrated the 
bio-based chemical meglumine, as a reusable and highly 
effective catalyst for a one-pot, four-component reaction of 
a sequence of (5) derivatives using (2), (4), carbonyl com-
pound or isatin (24), and β-keto ester (10). This protocol 
offers short reaction times, a broad substrate range, good 
yields, the possibility to reuse the catalyst, a simple workup 
procedure, and the absence of potentially hazardous organic 
solvents is one of the best features of this revolutionary tech-
nique (Scheme 52) [117].

According to Mohammad Ali Ghasemzadeh et al., the 
efficient and quick synthesis of (5) was achieved using a 
novel and simple procedure in the 4-component condensa-
tion reaction of (1), (2), (4), and (3) using a metal–organic 
framework (MOF), MIL-53(Fe) as a catalyst in ethanol at 
room temperature. MIL-53 (Fe) can be simply recycled and 
used a minimum of 6 times without considerably losing any 
of its activity, according to recycling trials. The method 
offers various distinguishing characteristics, including sim-
ple set-up, rapid reaction durations, elimination of dangerous 
solvents, high yields, lack of chromatographic purification 
requirements, and recoverability of the catalyst (Scheme 53) 
[118]. For the four-component synthesis of (5), aspergillus 
niger lipase (ANL) was demonstrated to be a very effec-
tive catalyst from a stoichiometric combination of (1), (2), 
(3), and (4) in ethanol, as demonstrated by Bora et al., the 
enzymatic promiscuity of the lipase ANL towards various 
aliphatic and aromatic ketones as well as aldehydes is dem-
onstrated. Some of the main characteristics of this technique 

Scheme 48.  Synthesis of (5) 
using MorT
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are the use of green bio-catalysts, the reusability of catalysts, 
good yields, and the absence of toxic solvents (Scheme 53) 
[119].

Khairnar et al. devised an approach for the efficient, rapid, 
and high-yielding synthesis of (5) derivatives employing PS-
DABCO as a reusable green heterogeneous catalyst and a 
four-component one-pot, C–N and C–C bond-forming pro-
cess of (1), (2), (3), and (4). With its broad applicability, a 
green synthesis that avoids toxic reagents, non-chromato-
graphic purification method, improved operational simplic-
ity, and reusable catalyst, this protocol is more practical, 

environmentally friendly, and affordable for commercial 
and academic uses (Scheme 54) [120]. Tetraethylammo-
nium bromide (TEABr) has recently gained noticeable as 
a gentle, water-tolerant, cost-effective catalyst. This TEABr 
was utilized by Kumar et al. as a catalyst for the production 
of (5) (Scheme 54) [121].

The one-pot tandem reaction of (3) with (1), (2), and 
(4) at 60 °C in the presence of  Ph3CCl under orderly, neu-
tral, and silent conditions were detailed by Moosavi-Zare 
et al. in this study to generate the synthesis of (5) deriva-
tive (Scheme 55) [122]. MIL-101(Cr)-N(CH2PO3H2)2 was 

Scheme 49.  Preparation of (5) by silica-supported tetramethylguanidine,  SiO2-TMG, BS-2-G-Ti, IL with  Fe3O4@SiO2
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designed and formed by Babaee et al. when producing (5) 
compounds through the reaction of (3) with (1), (2), and 
(4), developed metal–organic frameworks were first tested 
for their suitability as a heterogeneous multifunctional and 
nano-porous catalyst. In the final stage, the cooperative 
vinylogous anomeric-based oxidation was carried out. The 
reported approach has noticeable applications including 
quick reaction times, good yields, catalyst recycling, and 
reusability (Scheme 55) [123].

In a four-component, one-pot, solvent-free synthesis of 
(5) using (1), (2), (3), and (4), Govindan et al. successfully 
synthesized a novel poly-3,3-bis(chloromethyl) oxetane 

(PBCMO amine) dendritic polymer with a porphyrin-
started amine-functionalized and employed as a catalyst. 
Due to PBCMO amine's water solubility, the catalyst may 
be easily detached and reused without losing any of its 
behavior (Scheme 56) [124]. In the current study, Agarwal 
et al. formed a papain enzyme immobilized on a polymer 
support called chitosan using a glutaraldehyde linkage to 
create [Pap-Glu@Chi] biocatalyst, which was then used 
for the four-component synthesis of (5) derivatives using 
(1), (2), (3), and (4) to provide outstanding yields in fewer 
reaction times (Scheme 56) [125].

Scheme 50.  Synthesis of (5) using  P2O5/SiO2 and  CoFe2O4

Scheme 51.  Amberlyst A21, HDBAC, and  PPh3-mediated synthesis of (5)
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Under completely non-catalytic conditions, Mandha et 
al. developed an environmentally acceptable approach for 
the one-pot multicomponent production of substituted (5) 
in aqueous EtOH medium. Synthesized compounds were 
assessed for their cytotoxic activities (Scheme 57) [126].

Dalal and co-workers used bovine serum albumin (BSA) 
biocatalyst. Using a three-component, one-pot reaction with 
(1) or (9), (4), and (6) in  H2O-EtOH (7:3) at RT, BSA cata-
lytic synthesis of (5) (Scheme 58) [127].

For the synthesis of (5) derivatives, Lu Zh described a 
one-pot, five-component approach in 2015 that involves 
Suzuki coupling of 4-bromobenzaldehyde (27) and 

arylboronic acids (28), followed by a four-component reac-
tion (1), (2), (3), & (4). In this study, the authors optimized 
the effects of temperature a Pd/C catalytic quantity. The 
solvent was based on the findings in aqueous. The aromatic 
ring substituents of the aryl boronic acids (28) had a substan-
tial impact on product yields. The reactivity of aryl boronic 
acids was stronger when an EDG substituent was present in 
the para-position of an aromatic ring than the EWG substitu-
ent (Scheme 59) [128].

A four-component condensation of (2), (3), (4), & (10) 
in ethanol was used by Gangu et al. in 2017 to produce (5), 
with high yields and rapid reaction durations. Using the 

Scheme 52.  Preparation of (5) using L-proline and meglumine

Scheme 53.  MIL-53(Fe) and ANL catalyzed by (5)
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Scheme 54.  Synthesis of (5) mediated by PS-DABCO and (TEABr)

Scheme 55.  Preparation of (5) using MIL-101(Cr)-N(CH2PO3H2)2 and  Ph3CCl

Scheme 56.  PBCMO and [Pap-Glu@Chi] mediated by (5)
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co-precipitation technique and glutamic acid (GA) as a crys-
tal growth inhibitor addition, the authors produce Fe-CaOx 
catalysts. Glutamic acid stimulated the formation of well-
controlled Fe-CaOx crystals while leaving the thermally sta-
ble calcium oxalate monohydrate (COM) phase unchanged. 
According to the characterization results, the CaOx crystal's 
interstitial regions are occupied by doped iron. The Knoev-
enagel condensation between (3) & and (4) is made possible 
by the doping of Fe in CaOx, which increases many catalytic 
sites and allows for the quick synthesis of (5) (Scheme 60) 
[129]. In a study by Ablajan et al. in 2013, the synthesis of 

multi-substituted derivatives of (5) via four-component reac-
tion of (3), (4), (10) and 4-hydrazinobenzoic acid (26) was 
reported CAN in ultrasonic irradiation (Scheme 60) [130].

Gujar et al. documented the synthesis of (5) using molec-
ular sieves MS4 as a catalyst in ethanol under reflux. The 
authors compared the catalyst's efficiency to other alumi-
nates and silicate-based catalysts. Repeatedly using MS 4 
as a catalyst with the (1), (2), (3), and (4) reactants was 
examined. Catalyst recovered and continued to operate as 
efficiently as the first three runs, but that product yield some-
what decreased in runs four and five (Scheme 61) [131]. 

Scheme 57.  Synthesis of (5) in ethanol medium

Scheme 58.  BSA catalyzed by Synthesis of (5)



 Molecular Diversity

In this study, El Mejdoubi et al. reported the natural phos-
phate K09 as a mild and effective heterogeneous catalyst, a 
straightforward, effective, and green method for synthesiz-
ing derivatives of (5). For this conversion, it was discov-
ered that K09 had the best catalytic efficiency compared 
to other heterogeneous catalysts. This approach's critical 
characteristics are simple catalyst recovery and reusability, 
RT condition, quick reaction times, and outstanding yields 
(Scheme 61) [132]. To synthesize (5), Vasuki et al. used a 
four-component (1), (2), (3), and (4) reactants reaction, a 
green process in water at room temperature for the synthesis 
of (5) (Scheme 61) [133].

Per-6-amino-b-cyclodextrin (per-6-ABCD), which 
performs dual roles as a solid base catalyst and supramo-
lecular host for the neat synthesis of various (5), was used 

by Kanagaraj et al. in a straightforward, environmentally 
friendly, and an effective approach. This atom-economical 
process, which was (1), (2), (3), and (4) with ketones as 
well, contains a much milder procedure, requires no time-
consuming work-up or purification, stays clear of unsafe rea-
gent by-products, and provides almost quantifiable amounts. 
At least six re-uses of the catalyst are possible without any 
deterioration in its catalytic activity (Scheme 62) [134]. In 
these circumstances, Nagarajan et al. describe a straight-
forward and effective synthesis of (5) neat conditions with 
high yield using a four-component reaction between (1), (2), 
(3), and (4) (Scheme 62) [135]. With the help of sulfuric 
acid, Nguyen et al. produced sulfonated amorphous carbon 
(AC-SO3H) from rice husks. A cheap and easily accessible 
substance was used to synthesize a deep eutectic solvent 

Scheme 59.  Preparation of (5) 
by using Pd/C

Scheme 60.  CaOx- and CAN-catalyzed synthesis of (5)
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between choline chloride and urea. Through a four-compo-
nent reaction of (1), (2), (3), and (4) with good yields in a 
deep eutectic solvent at RT, the as-synthesized AC-SO3H 
was used to make (5). A catalytic system was simply cre-
ated using a non-toxic, low-cost, eco-friendly, approach that 
could be used in large-scale processes (Scheme 62) [136]. 
Gadkari et al. reported using the current methods of concen-
trated sun radiation (CSR) to assist in synthesizing (5) under 
solvent and neat conditions. Final required compounds (5) 
are produced in a good yield by one-pot multicomponent 
synthesis (5) from components (1), (2), (3), and (4). This 
technologically simple process has a variety of advantages, 
such as a clean and environmentally friendly reaction profile, 
simple workup and purification procedures, quick reaction 
time, and effectiveness and atom efficiency; compared to 
traditional approaches, the present energy and efficient tech-
nique saves about 98% of energy (Scheme 62) [137].

Shinde et al. used bael fruit ash (BFA) as an unconven-
tional natural catalyst in water at RT to carry out a clean 
and more economical approach for the production of (5) 
and pyrazolyl-4H-chromenes (21). It was discovered that the 
BFA catalyst was environmentally friendly, quickly biode-
gradable, recyclable, and highly active, with no activity loss 
up to the 6 runs. The approach offers an alternative to the 
traditional catalyzed technique (Scheme 63) [138].

Yang and co-workers reported a very interesting article 
on enantiomer and diastereoselective [2 + 4] cycloaddition 

reactions of various substituted propionic aldehyde (29) 
and the oxindole-derived pyrazolone (30) by using NHC 
as carbene catalyst furnishes the quick and efficient access 
to structurally complex multicyclic (5) scaffold. Reaction 
facilitates a wide range of substrates mounted with differ-
ent substitution patterns, with the multicyclic (5) deriva-
tive producing good-to-excellent yields along with good 
enantiomeric excess, moreover, this provides sophisticated 
spiro & fused cyclic products (Scheme 64) [139].

According to Nguyen et al., a four-component reaction 
including the benzyl alcohols (31), (1), (2), and (4), in 
the presence of sulfonated amorphous carbon and eosin Y 
catalyzed a novel method to synthesize (5) and their role 
as p38 MAP Kinase inhibitors. This methodology makes 
it possible to synthesize new compounds (5) and confirm 
using bioinformatics that they have the biological potential 
to inhibit p38 MAP kinase pockets, which is advantageous 
from a pharmaceutical perspective for cancer or immune 
treatments (Scheme 65) [140].

Metwally and his co-workers have designed 4-formyl-
phenyl benzoates, (32), and (6) with the help of pepsin 
as a biocatalyst and the preparation of the corresponding 
reactants in a mortar for 0.5 to 3 h at RT result in excellent 
yields of the corresponding derivatives (5). Among the 
synthesized compounds screened for K. pneumonia and 
S. aureus strains with inhabitation zones of 29.6–30.3 mm 

Scheme 61.  MS, Phosphate K09, and water mediated by (5)
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Scheme 62.  Preparation of (5) using per-6-ABCD, CSR, AC-SO3H, and neat conditions

Scheme 63.  Bael fruit ash (BFA) catalyzed by (5)
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and MIC = 125–250 lg/mL showed moderate antibacterial 
activity (Scheme 66) [141].

Yi et al. reported the synthesis of o-hydroxyphenyl pro-
pargylamines (33) and (6) via productive copper-catalyzed 
cascade annulation. Using a straightforward approach, this 
protocol is applied to prepare a wide range of rapid assembly 
of several worthwhile (5) derivatives with better yields. This 
novel reaction includes the formation of alkynyl ortho-
quinone methides, a 1,4-conjugate addition, and a sequel 
6-endocyclization process (Scheme 67) [142].

Medicinal applications

To synthesize the final compound (35) derivatives, Khoobi 
et al. developed a series of tacrine-base compounds using 
an  AlCl3-catalyzed Friedlander reaction to obtain (5) 

Scheme 64.  Synthesis of (5) 
using NHC

Scheme 65.  Eosin Y and AC-SO3H medicated by synthesis of (5)

Scheme 66.  Preparation of (5) by using pepsin
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and cyclohexanone (34). All synthesized compounds 
are tested for sub-micromolar AChE antagonist activ-
ity. The 3,4-dimethoxyphenyl derivative of (35 b), with 
 IC50 = 0.19 μM, is the most promising. Its anti-AChE activ-
ity outperformed that of the standard treatment tacrine 
(Scheme 68) [143].

Iqbal Choudhary and co-workers synthesized derivatives 
of (5) and explored the activity of controlling the associated 
risk factors for postprandial hyperglycemia by inhibiting the 

enzyme-glucosidase activity. Compound (5), i.e., P-NO2 
substituted aromatic most promising and facilitated its inter-
action with the enzyme. It was discovered that some of these 
substances were significant yeast glucosidase enzyme inhibi-
tors (Scheme 69) [144].

Mourad Chioua et  al. reported a renewed search for 
multipotent, non-hepatotoxic tacrines due to the complex-
ity of Alzheimer's disease. Pyranopyrazolotacrines (35) were 
synthesized, and screened for non-hepatotoxic multipotent 

Scheme 67.  Cu (OTf)2 cata-
lyzed by (5)

Scheme 68.  AlCl3-catalyzed synthesis of (5)
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tacrine analogs. This family of permeable tacrine ana-
logs may be used to treat Alzheimer's disease effectively 
(Scheme 70) [145].

Ranmal et al. used piperidine as a catalyst that success-
fully synthesized a wide range of (5). Synthetic chemicals 
were put through several antimicrobial tests, including bac-
tericidal and antifungal activity. All synthesized derivatives 
screen for the antibacterial and antifungal activity of two 
Gram-positive, and Gram-negative bacteria and three fungal 
strains. The compounds 5b, (5c), and (5e) displayed signifi-
cant antibacterial and antifungal activity (Scheme 71) [146].

Parikh et al. reported the solvent-free synthesis of a novel 
biologically potent motif (5), the zinc triflate catalyzed using 
(1), (2), (3), and (4) under (MWI). Synthesized deriva-
tives examined different activities. Specifically, derivatives 
showed good activity against all compound 4 and 8 bacte-
rial strains. Unexpectedly, compounds 3 and 4 demonstrated 
marked anti-malarial activity with  IC50 = 0.027–0.26 μg/mL. 

Lastly, compounds screen for anticancer and against all four 
investigated cancer cell lines. Compound (8) inhibits cell 
growth of cell line with an  IC50 = 9.9 μg/mL (Scheme 72) 
[147].

Nagasundaram et al. developed a catalyst-free ultrasoni-
cation method for the preparation of a series of (5) com-
pounds using (1), (2), (3), and (4). Synthesized derivatives 
display an excellent binding affinity towards the target of 
E. coli MurB and EGFR domains by forming strong inter-
actions with amino acids confirmed by molecular dock-
ing analysis. In vitro antimicrobial activity against human 
pathogenic bacterial and fungal strains was examined for all 
prepared compounds; among them, one molecule displays 
an excellent MIC = 0.19 μg/mL against B. cereus, whereas 
the selected compounds were examined for their anticancer 
activity against (HeLa) and live/dead cells were determined 
by AO/EtBr staining (Scheme 73) [148].

Messaad and co-workers reported the synthesis of (5) 
derivatives as acetylcholinesterase inhibitors; the con-
densation reaction was carried out using various catalytic 
conditions within thiosemicarbazide (37) and tosylhydra-
zine with (1). All synthesized compounds were examined 
for their inhibitory effect against AChE implicated in the 
development of Alzheimer’s disease using the in-silico 
study. In vitro Acetyl-cholinesterase (AChE) inhibition 
confirmed that the compounds (8) and (7) showed, respec-
tively, low and moderate activity against AChE, while (5) 
displayed sound inhibitory activity against AChE IC50 value 
of 0.38 ± 0.019 mg/mL(Scheme 74) [149].

Scheme 69.  Synthesis of (5) using TEA

Scheme 70.  Synthesis of (5) by using  AlCl3 catalyst
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Scheme 71.  Synthesis of (5) using piperidine

Scheme 72  Zinc triflate catalyzed by (5) 

Scheme 73.  Synthesis of (5) in ethanol
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Abouelenein et al. designed a protocol for the synthesis 
of a series of (5), the one-pot reaction of (1), (2), (3), and 
(4). Furthermore, all synthesized compounds were examined 
for their antimicrobial, antioxidant, and anticancer activities. 
Fortunately, most of the derivatives displayed encouraging 
biological activities. At the same time, an in-silico study 
was carried out for synthesized compounds. Among these 
compounds, (5a) displayed the most promising antibacterial 

activity, whereas (5b) showed the most cytotoxic agent 
(Scheme 75) [150].

Conclusion

In this review, we have sincerely tried to summarize data on 
the synthetic approaches and therapeutic significance of the 
pyranopyrazoles scaffold. We have systematically repre-
sented the work done on pyranopyrazoles in conventional 
and non-conventional methods, along with a systematic 
summary of all reported protocols based on the nature of 
the catalyst used for synthesis (Fig. 5). These diverse pro-
tocols using different catalytic systems for these valuable 
nuclei will benefit organic chemists working in these fields 
and encourage the upcoming researchers who wish to work 
on these scaffolds. The present review anticipates significant 

Scheme 74.  Synthesis of (5) using  Et3N

Scheme 75.  Synthesis of (5) 
using piperidine
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advancement in ongoing research in pyranopyrazoles hetero-
cyclic compounds.

Author contributions Ashok R. Yadav: Primary data collection;  Ash-
ishkumar P. Katariya:  Drawing mechnaism;  Anant B. Kanagare: 
Review writing and Scheme Drawing; Pramod D. Jawale Patil: Scheme 
Drawing; Chandrakant K. Tagad: Preparation Graphical Abstract;  Sat-
ish A. Dake:   Review checking;  Pratik A. Nagwade: Grammatical 
checking; Satish U. Deshmukh: Review writing and Scheme Drawing.

Declarations 

Competing interests The authors declare no competing interests.

References

 1. Matin A, Gavande N, Kim MS, Yang NX, Salam NK, Hanrahan 
JR, Roubin RH, Hibbs DE, 7-Hydroxy-benzopyran-4-one deriva-
tives (2009) A novel pharmacophore of peroxisome proliferator-
activated receptor α and-γ (PPARα and γ) dual agonists. J Med 
Chem 52(21):6835–6850. https:// doi. org/ 10. 1021/ jm900 964r

 2. Priego EM, von Frijtag Drabbe Kuenzel J, Jzerman AP, Cama-
rasa MJ, Pérez-Pérez MJ (2002) Pyrido [2, 1-f] purine-2,4-dione 
derivatives as a novel class of highly potent human A3 adenosine 
receptor antagonists. J Med Chem 45(16):3337–3344. https:// doi. 
org/ 10. 1021/ jm020 8469

 3. Tejedor D, Garcia-Tellado F (2007) Chemo-differentiating ABB′ 
multicomponent reactions. Privileged building blocks. Chem Soc 
Rev 36(3):484–491. https:// doi. org/ 10. 1039/ B6081 64A

 4. Banerjee M, Panjikar PC, Das D, Iyer S, Bhosle AA, Chat-
terjee A (2022) Grindstone chemistry: a “green” approach for 
the synthesis and derivatization of heterocycles. Tetrahedron 
112:132753. https:// doi. org/ 10. 1016/j. tet. 2022. 132753

 5. Kanagare AB, Yadav AR, Katariya AP, Bhagat DS, Dhas AK, 
Pansare DN, Nagwade PA, Kumar B, Sangshetti JN, Deshmukh 
SU (2023) Insights into 4,4′-arylmethylene-bis-1H-pyrazol-5-ols 
scaffolds: various synthetic routes and their applications. Chem-
istrySelect 8:e202204088. https:// doi. org/ 10. 1002/ slct. 20220 
4088

 6. Stachulski AV, Berry NG, Lilian Low AC, Moores SL, Row E, 
Warhurst DC, Adagu IS, Rossignol JF (2006) Identification of 
isoflavone derivatives as effective anticryptosporidial agents 
in vitro and in vivo. J Med Chem 49(4):1450–1454. https:// doi. 
org/ 10. 1021/ jm050 973f

 7. Smith PW, Sollis SL, Howes PD, Cherry PC, Starkey ID, Cobley 
KN, Weston H, Scicinski J, Merritt A, Whittington A, Wyatt P 
(1998) 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-4-H-pyran-6-carboxamides. J Med 
Chem 141(6):787–797. https:// doi. org/ 10. 1021/ jm970 374b

 8. Zaki ME, Soliman HA, Hiekal OA, Rashad AE (2006) Pyrazo-
lopyranopyrimidines as a class of anti-inflammatory agents. Z 
Nat C 61(1–2):1–5. https:// doi. org/ 10. 1515/ znc- 2006-1- 201

 9. Kuo SC, Huang LJ, Nakamura H, Studies on heterocyclic com-
pounds. 6. (1984) Synthesis and analgesic and antiinflammatory 
activities of 3,4-dimethylpyrano [2,3-c] pyrazol-6-one deriva-
tives. J Med Chem 27(4):539–544. https:// doi. org/ 10. 1021/ jm003 
70a020

 10. Zaki ΜE, Morsy EM, Abdel-Motti FM, Abdel-Megeid FΜ 
(2004) The behaviour of ethyl 1-acetyl-4-aryl-5-cyano-3-methyI-
1,4-dihydropyrano [2,3-c] pyrazol-6-ylimidoformate towards 
nucleophiles. Heterocycl Commun 10(1):97–102. https:// doi. 
org/ 10. 1515/ HC. 2004. 10.1. 97

 11. Foloppe N, Fisher LM, Howes R, Potter A, Robertson AG, 
Surgenor AE (2006) Identification of chemically diverse Chk1 
inhibitors by receptor-based virtual screening. Bioorg Med Chem 
14(14):4792–4802. https:// doi. org/ 10. 1016/j. bmc. 2006. 03. 021

 12. Junek H, Aigner H, Synthesen mit Nitrilen, XXXV (1973) 
Reaktionen von tetracyanäthylen mit heterocyclen. Chem Ber 
106(3):914–921. https:// doi. org/ 10. 1002/ cber. 19731 060323

 13. Myrboh B, Mecadon H, Rohman MR, Rajbangshi M, Kharkon-
gor I, Laloo BM, Kharbangar I, Kshiar B (2013) Synthetic devel-
opments in functionalized pyrano [2,3-c] pyrazoles. A review. 
Org Prep Proc Int 45(4):253–303. https:// doi. org/ 10. 1080/ 00304 
948. 2013. 798566

 14. Mamaghani M, Hossein NR (2021) review on the recent mul-
ticomponent synthesis of pyranopyrazoles. Polycycl Aromat 
Compd 41(2):223–291. https:// doi. org/ 10. 1080/ 10406 638. 2019. 
15845 76

 15. Kumar GR, Kerru N, Maddila S, Jonnalagadda SB (2021) 
Advances in pyranopyrazole scaffolds’ syntheses using 

Fig. 5  Number of synthetic 
protocols as per the nature of 
catalyst

0
10
20
30
40

11 12
19

38

3 
8 6 

30

8 

https://doi.org/10.1021/jm900964r
https://doi.org/10.1021/jm0208469
https://doi.org/10.1021/jm0208469
https://doi.org/10.1039/B608164A
https://doi.org/10.1016/j.tet.2022.132753
https://doi.org/10.1002/slct.202204088
https://doi.org/10.1002/slct.202204088
https://doi.org/10.1021/jm050973f
https://doi.org/10.1021/jm050973f
https://doi.org/10.1021/jm970374b
https://doi.org/10.1515/znc-2006-1-201
https://doi.org/10.1021/jm00370a020
https://doi.org/10.1021/jm00370a020
https://doi.org/10.1515/HC.2004.10.1.97
https://doi.org/10.1515/HC.2004.10.1.97
https://doi.org/10.1016/j.bmc.2006.03.021
https://doi.org/10.1002/cber.19731060323
https://doi.org/10.1080/00304948.2013.798566
https://doi.org/10.1080/00304948.2013.798566
https://doi.org/10.1080/10406638.2019.1584576
https://doi.org/10.1080/10406638.2019.1584576


Molecular Diversity 

sustainable catalysts. Molecules 26(11):270. https:// doi. org/ 10. 
3390/ molec ules2 61132 70

 16. Katariya AP, Dhas AK, Kanagare AB, Pansare DN, Bhagat DS, 
Kumar B, Deshmukh SU (2023) Nano-catalyzed synthesis of 
pyranopyrazole and pyridine scaffolds. Nanoparticles in green 
organic synthesis. Elsevier, Amsterdam, pp 485–504

 17. Chaudhari MA, Gujar JB, Kawade DS, Jogdand NR, Shingare 
MS (2015) A highly efficient and sustainable synthesis of dihy-
dropyrano [2,3-c] pyrazoles using polystyrene-supported p-tolue-
nesulfonic acid as reusable catalyst. Cogent Chem 1(1):1063830. 
https:// doi. org/ 10. 1080/ 23312 009. 2015. 10638 30

 18. Moosavi-Zare AR, Afshar-Hezarkhani H, Rezaei MM (2020) 
Tandem four component condensation reaction of aryl aldehydes 
with ethyl acetoacetate, malononitrile, and hydrazine hydrate 
using boric acid in water as an efficient and green catalytic sys-
tem. Polycycl Aromat Compd 40(1):150–158. https:// doi. org/ 10. 
1080/ 10406 638. 2017. 13825 41

 19. RezaáMoosavi-Zare A, AliáZolfigol M, Noroozizadeh E, Tav-
asoli M, Khakyzadeh V, Zare A (2013) Synthesis of 6-amino-
4-(4-methoxyphenyl)-5-cyano-3-methyl-1-phenyl-1,4-di-
hydropyrano [2,3-c] pyrazoles using disulfonic acid imidazolium 
chloroaluminate as a dual and heterogeneous catalyst. New J 
Chem 37(12):4089–4094. https:// doi. org/ 10. 1039/ C3NJ0 0629H

 20. Ahad A, Farooqui M (2017) Organocatalyzed domino reactions: 
diversity-oriented synthesis of pyran-annulated scaffolds using 
in situ-developed benzylidenemalononitriles. Res Chem Intermed 
43:2445–2455. https:// doi. org/ 10. 1007/ s11164- 016- 2772-8

 21. Zolfigol MA, Tavasoli M, Moosavi-Zare AR, Moosavi P, Kruger 
HG, Shiri M, Khakyzadeh V (2013) Synthesis of pyranopyra-
zoles using isonicotinic acid as a dual and biological organocata-
lyst. RSC Adv 3:25681–25685. https:// doi. org/ 10. 1039/ C3RA4 
5289A

 22. Chavan HV, Babar SB, Hoval RU, Bandgar BP (2011) Rapid 
one-pot, four component synthesis of pyranopyrazoles using 
heteropolyacid under solvent-free condition. Bull Korean Chem 
Soc 32(11):3963–3966. https:// doi. org/ 10. 5012/ bkcs. 2011. 32. 11. 
3963

 23. Javid A, Khojastehnezhad A, Eshghi H, Moeinpour F, Bamo-
harram FF, Ebrahimi J (2016) Synthesis of pyranopyrazoles 
using a magnetically separable modified preyssler heteropoly 
acid. Org Prep Proc Int 48:377–384. https:// doi. org/ 10. 1080/ 
00304 948. 2016. 12064 24

 24. Moosavi-Zare AR, Zolfigol MA, Salehi-Moratab R, Norooziza-
deh E (2016) Catalytic application of 1-(carboxymethyl) pyri-
dinium iodide on the synthesis of pyranopyrazole derivatives. J 
Mol Catal A Chem 1(415):144–150. https:// doi. org/ 10. 1016/j. 
molca ta. 2016. 02. 003

 25. Kondabanthini S, Katari NK, Srimannarayana M, Gundla R, 
Kapavarapu R, Pal M (2022) Wang resin catalyzed sonochem-
ical synthesis of dihydropyrano [2,3-c] pyrazole derivatives 
and their interactions with SIRT1. J Mol Struct 1266:133527. 
https:// doi. org/ 10. 1016/j. molst ruc. 2022. 133527

 26. Gein VL, Zamaraeva TM, Slepukhin PA (2014) A novel four-
component synthesis of ethyl 6-amino-4-aryl-5-cyano-2,4-di-
hydropyrano [2,3-c] pyrazole-3-carboxylates. Tetrahedron Lett 
55(33):4525–4528. https:// doi. org/ 10. 1016/j. tetlet. 2014. 06. 077

 27. Nguyen HT, Dang PH, Tran PH (2023) A new and straight-
forward route to synthesize novel pyrazolo [3,4-b] pyridine-
5-carboxylate scaffolds from 1,4-dihydropyrano [2,3-c] pyra-
zole-5-carbonitriles. RSC Adv 13(3):877–882. https:// doi. org/ 
10. 1039/ D2RA0 7521K

 28. Darandale SN, Sangshetti JN, Shinde DB (2012) Ultrasound 
mediated, sodium bisulfite catalyzed, solvent free synthesis 
of 6-amino-3-methyl-4-substitued-2,4-dihydropyrano [2,3-c] 
pyrazole-5-carbonitrile. J Korean Chem Soc 56(3):328–333. 
https:// doi. org/ 10. 5012/ jkcs. 2012. 56.3. 328

 29. Siddekhab A, Nizama A, Pashaa MA (2011) 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-
cyano-3-methyl-1-phenyl-1,4- dihydropyrano[2,3-c]pyrazole 
using density functional theory. Spectrochim Acta A Mol Bio-
mol Spectrosc 81:431–440. https:// doi. org/ 10. 1016/j. saa. 2011. 
06. 033

 30. Litvinov YM, Shestopalov AA, Rodinovskaya LA, Shesto-
palov AM (2009) New convenient four-component synthesis of 
6-amino-2,4-dihydropyrano [2,3-c] pyrazol-5-carbonitriles and 
one-pot synthesis of 6′-aminospiro [(3 H)-indol-3, 4′-pyrano 
[2,3-c] pyrazol]-(1 H)-2-on-5′-carbonitriles. J Comb Chem 
11:914–919. https:// doi. org/ 10. 1021/ cc900 076j

 31. Pal S, Khan MN, Karamthulla S, Abbas SJ, Choudhury LH 
(2013) One pot four-component reaction for the efficient syn-
thesis of spiro [indoline-3, 4′-pyrano [2,3-c] pyrazole]-3′-
carboxylate derivatives. Tetrahedron Lett 54(2):434–5440. 
https:// doi. org/ 10. 1016/j. tetlet. 2013. 07. 117

 32. Kiyani H, Samimi H, Ghorbani F, Esmaieli S (2013) One-pot, 
four-component synthesis of pyrano [2,3-c] pyrazoles catalyzed 
by sodium benzoate in aqueous medium. Curr Chem Lett 2:197–
206. https:// doi. org/ 10. 5267/j. ccl. 2013. 07. 002

 33. Kanchithalaivan S, Sivakumar S, Ranjith Kumar R, Elumalai P, 
Ahmed QN, Padala AK (2013) Four-component domino strategy 
for the combinatorial synthesis of novel 1,4-dihydropyrano [2,3-
c] pyrazol-6-amines. ACS Comb Sci 15(12):631–638. https:// doi. 
org/ 10. 1021/ co400 0997

 34. Sadeghian Z, Bayat M, Safari F (2022) Synthesis and in vitro 
anticancer activity evaluation of spiro [indolo [2, 1-b] quina-
zoline-pyrano [2,3-c] pyrazole] via sequential four-component 
reaction. J Mol Struct 1250:131759. https:// doi. org/ 10. 1016/j. 
molst ruc. 2021. 13175

 35. Bakhotmah DA, Ali TE, Assiri MA, Yahia IS (2022) Synthesis of 
some novel 2-{pyrano [2,3-c] pyrazoles-4-ylidene} malononitrile 
fused with pyrazole, pyridine, pyrimidine, diazepine, chromone, 
pyrano [2,3-c] pyrazole and pyrano [2,3-d] pyrimidine systems 
as anticancer agents. Polycycl Aromat Compd 42(5):2136–2150. 
https:// doi. org/ 10. 1080/ 10406 638. 2020. 18274 45

 36. Bania N, Mondal B, Ghosh S, Pan SC (2021) DMAP catalyzed 
domino Rauhut-Currier Cyclization Reaction between alkylidene 
pyrazolones and nitro-olefins: access to tetrahydropyrano [2,3-
c] pyrazoles. J Org Chem 86(5):4304–4312. https:// doi. org/ 10. 
1021/ acs. joc. 0c028 71

 37. Prabhakaran S, Nivetha N, Patil SM, Martiz RM, Ramu R, 
Sreenivasa S, Velmathi S (2022) One-pot three-component syn-
thesis of novel phenyl-pyrano-thiazol-2-one derivatives and their 
anti-diabetic activity studies. Results Chem 1(4):100439. https:// 
doi. org/ 10. 1016/j. rechem. 2022. 100439

 38. Kumaravel K, Rajarathinam B, Vasuki G (2020) Water-triggered 
union of multi-component reactions towards the synthesis of a 
4 H-chromene hybrid scaffold. RSC Adv 10(49):29109–29113. 
https:// doi. org/ 10. 1039/ D0RA0 5105E

 39. Fouda AM, El-Nassag MA, Elhenawy AA, Shati AA, Alfaifi 
MY, Elbehairi SE, Alam MM, El-Agrody AM (2022) Synthesis 
of 1,4-dihydropyrano [2,3-c] pyrazole derivatives and exploring 
molecular and cytotoxic properties based on DFT and molecular 
docking studies. J Mol Struct 5(1249):131555. https:// doi. org/ 10. 
1016/j. molst ruc. 2021. 131555

 40. Ebrahimi J, Mohammadi A, Pakjoo V, Bahramzade E, Habibi 
A (2012) Highly efficient solvent-free synthesis of pyranopyra-
zoles by a Brønsted-acidic ionic liquid as a green and reusable 
catalyst. J Chem Sci 124:1013–1017. https:// doi. org/ 10. 1007/ 
s12039- 012- 0310-9

 41. Shaikh MA, Farooqui M, Abed S (2019) Novel task-specific 
ionic liquid [Et2NH(CH2)2CO2H][AcO]as a robust catalyst for 

https://doi.org/10.3390/molecules26113270
https://doi.org/10.3390/molecules26113270
https://doi.org/10.1080/23312009.2015.1063830
https://doi.org/10.1080/10406638.2017.1382541
https://doi.org/10.1080/10406638.2017.1382541
https://doi.org/10.1039/C3NJ00629H
https://doi.org/10.1007/s11164-016-2772-8
https://doi.org/10.1039/C3RA45289A
https://doi.org/10.1039/C3RA45289A
https://doi.org/10.5012/bkcs.2011.32.11.3963
https://doi.org/10.5012/bkcs.2011.32.11.3963
https://doi.org/10.1080/00304948.2016.1206424
https://doi.org/10.1080/00304948.2016.1206424
https://doi.org/10.1016/j.molcata.2016.02.003
https://doi.org/10.1016/j.molcata.2016.02.003
https://doi.org/10.1016/j.molstruc.2022.133527
https://doi.org/10.1016/j.tetlet.2014.06.077
https://doi.org/10.1039/D2RA07521K
https://doi.org/10.1039/D2RA07521K
https://doi.org/10.5012/jkcs.2012.56.3.328
https://doi.org/10.1016/j.saa.2011.06.033
https://doi.org/10.1016/j.saa.2011.06.033
https://doi.org/10.1021/cc900076j
https://doi.org/10.1016/j.tetlet.2013.07.117
https://doi.org/10.5267/j.ccl.2013.07.002
https://doi.org/10.1021/co4000997
https://doi.org/10.1021/co4000997
https://doi.org/10.1016/j.molstruc.2021.13175
https://doi.org/10.1016/j.molstruc.2021.13175
https://doi.org/10.1080/10406638.2020.1827445
https://doi.org/10.1021/acs.joc.0c02871
https://doi.org/10.1021/acs.joc.0c02871
https://doi.org/10.1016/j.rechem.2022.100439
https://doi.org/10.1016/j.rechem.2022.100439
https://doi.org/10.1039/D0RA05105E
https://doi.org/10.1016/j.molstruc.2021.131555
https://doi.org/10.1016/j.molstruc.2021.131555
https://doi.org/10.1007/s12039-012-0310-9
https://doi.org/10.1007/s12039-012-0310-9


 Molecular Diversity

the efficient synthesis of some pyran-annulated scaffolds under 
solvent-free conditions. Res Chem Int 45:1595–1617. https:// doi. 
org/ 10. 1007/ s11164- 018- 3696-2

 42. Moshtaghi ZA, Moghani D (2016) Green and highly efficient 
synthesis of pyranopyrazoles in choline chloride/urea deep eutec-
tic solvent. Synth Commun 46(3):220–225. https:// doi. org/ 10. 
1080/ 00397 911. 2015. 11296 68

 43. Hajipour AR, Karimzadeh M, Tavallaei H (2015) Fast synthesis 
of pyrano [2,3-c] pyrazoles: strong effect of Brönsted and Lewis 
acidic ionic liquids. J Iran Chem Soc 12:987–991. https:// doi. org/ 
10. 1007/ s13738- 014- 0561-0

 44. Swaroop TR, Sharath Kumar KS, Palanivelu M, Chaitanya 
S, Rangappa KS (2014) A catalyst-free green protocol for the 
synthesis of pyranopyrazoles using room temperature ionic liq-
uid choline chloride-urea. Heterocycl Chem 51(6):1866–1870. 
https:// doi. org/ 10. 1002/ jhet. 1864

 45. Nimbalkar UD, Seijas JA, Vazquez-Tato MP, Damale MG, 
Sangshetti JN, Nikalje AP (2017) Ionic liquid-catalyzed green 
protocol for multi-component synthesis of dihydropyrano 
[2,3-c] pyrazoles as potential anticancer scaffolds. Molecules 
22(10):1628. https:// doi. org/ 10. 3390/ molec ules2 21016 28

 46. Deshmukh SM, Hiwarale DP (2017) Ionic liquid catalyzed one 
pot four component synthesis of pyranopyrazoles. Der Pharm 
Chem 9(10):109–114

 47. Bihani M, Bora PP, Bez G (2013) A practical catalyst-free syn-
thesis of 6-amino-4 alkyl/aryl-3-methyl-2,4-dihydropyrano[2,3-
c] pyrazole-carbonitrile in aqueous medium. J Chem. https:// doi. 
org/ 10. 1155/ 2013/ 920719

 48. Dekamin MG, Alikhani M, Emami A, Ghafuri H, Javanshir S 
(2016) An efficient catalyst-and solvent-free method for the syn-
thesis of medicinally important dihydropyrano [2,3-c] pyrazole 
derivatives using ball milling technique. J Iran Chem Soc. https:// 
doi. org/ 10. 1007/ s13738- 015- 0793-7

 49. Ali E, Naimi-Jamal MR, Ghahramanzadeh R (2019) One-pot 
multicomponent synthesis of pyrano [2,3 c] pyrazole deriva-
tives using  CMCSO3H as a green catalyst. ChemistrySelect 
4(31):9033–9039. https:// doi. org/ 10. 1002/ slct. 20190 1676

 50. Bhosle MR, Khillare LD, Dhumal ST, Mane RA (2016) A facile 
synthesis of 6-amino-2H, 4H-pyrano [2,3-c] pyrazole-5-carbon-
itriles in deep eutectic solvent. Chin Chem Lett 27(3):370–374. 
https:// doi. org/ 10. 1016/j. cclet. 2015. 12. 005

 51. Dwivedi KD, Borah B, Chowhan LR (2020) Ligand free one-pot 
synthesis of pyrano [2,3-c] pyrazoles in water extract of banana 
peel (WEB): a green chemistry approach. Front Chem 22(7):944. 
https:// doi. org/ 10. 3389/ fchem. 2019. 00944

 52. Katariya AP, Shirsath PD, Narode H, Kadam GG, Katariya MV, 
Deshmukh SU (2023) Unraveling the access to the regioselec-
tive synthesis of highly functionalized pyranopyrazoles using 
an ionic liquid catalyst. Mol Diversity 3:1–7. https:// doi. org/ 10. 
1007/ s11030- 022- 10572-9

 53. Aliabadi RS, Mahmoodi NO (2016) Green and efficient synthesis 
of pyranopyrazoles using [bmim][OH] as an ionic liquid catalyst 
in water under microwave irradiation and investigation of their 
antioxidant activity. RSC Adv 6(89):85877–85884. https:// doi. 
org/ 10. 1039/ C6RA1 7594E

 54. Katariya AP, Katariya MV, Sangshetti J, Deshmukh SU (2023) 
Ionic liquid [(EMIM) Ac] catalyzed green and efficient synthesis 
of Pyrano [2,3-c] pyrazole derivatives. Polycycl Aromat Compd 
43(4):3761–3775. https:// doi. org/ 10. 1080/ 10406 638. 2022. 20777 
75

 55. Mali G, Shaikh BA, Garg S, Kumar A, Bhattacharyya S, Erande 
RD, Chate AV (2021) Design, synthesis, and biological evalua-
tion of densely substituted dihydropyrano [2,3-c] pyrazoles via a 
taurine-catalyzed green multicomponent approach. ACS Omega 
6(45):30734–30742. https:// doi. org/ 10. 1021/ acsom ega. 1c047 73

 56. Amiri-Zirtol L, Amrollahi MA (2022) Borax: an environmen-
tally clean catalyst for the synthesize of pyrano [2,3-c] pyra-
zoles and xanthene-1,8-Diones in  H2O. Polycycl Aromat Compd 
42(8):5696–5707. https:// doi. org/ 10. 1080/ 10406 638. 2021. 19540 
39

 57. Chakraborty S, Paul B, De UC, Natarajan R, Majumdar S (2023) 
Water–SDS-[BMIm] Br composite system for one-pot multicom-
ponent synthesis of pyrano [2,3-c] pyrazole derivatives and their 
structural assessment by NMR, X-ray, and DFT studies. RSC 
Adv 13(10):6747–6759. https:// doi. org/ 10. 1039/ D3RA0 0137G

 58. Maleki A, Eskandarpour V (2019) Design and development of 
a new functionalized cellulose-based magnetic nanocomposite: 
preparation, characterization, and catalytic application in the syn-
thesis of diverse pyrano[2,3-c] pyrazole derivatives. J Iran Chem 
Soc 6:1459–1472. https:// doi. org/ 10. 1007/ s13738- 019- 01610-9

 59. Yadav S, Khurana JM (2015) Cinnamomum tamala leaf extract-
mediated green synthesis of Ag nanoparticles and their use in 
pyranopyrazles synthesis. Chin J Catal 36(7):1042–1046. https:// 
doi. org/ 10. 1016/ S1872- 2067(15) 60853-1

 60. Safaei-Ghomi J, Ziarati A, Tamimi M (2013) A novel method 
for the one-pot five-component synthesis highly functionalized 
pyranopyrazoles catalyzed by CuI nanoparticles. Acta Chim Slov 
60(2):403–410

 61. Kargar PG, Bagherzade G, Eshghi H (2020) Novel biocompatible 
core/shell  Fe3O4@NFC@ Co(ii) as a new catalyst in a multi-
component reaction: an efficient and sustainable methodology 
and novel reusable material for one-pot synthesis of 4-H-pyran 
and pyranopyrazole in aqueous media. RSC Adv 10(61):37086–
37097. https:// doi. org/ 10. 1039/ D0RA0 4698A

 62. Eivazzadeh-Keihan R, Taheri-Ledari R, Khosropour N, Dalvand 
S, Maleki A, Mousavi-Khoshdel SM, Sohrabi H (2020)  Fe3O4/
GO@melamine-ZnO nanocomposite: a promising versatile tool 
for organic catalysis and electrical capacitance. Colloids Surf A 
Physicochem Eng Asp 587:124335

 63. Nasseri MA, Sadeghzadeh SM (2013) Magnetic nanoparticle 
supported hyperbranched polyglycerol catalysts for synthesis of 
4H-benzo[b]pyran. Monatsh Chem 144:1551–1558. https:// doi. 
org/ 10. 1007/ s00706- 013- 1026-3

 64. Rahman N, Nongthombam GS, Rani JW, Nongrum R, Khar-
mawlong GK, Nongkhlaw R (2018) An environment-friendly 
magnetic organo-nanomaterial as a potent catalyst in synthesis of 
pyranopyrazole derivatives. Curr Organocatalysis 5(2):150–161. 
https:// doi. org/ 10. 2174/ 22133 37205 66618 07310 95751

 65. Babaei E, Mirjalili BB (2020) An expedient and eco-friendly 
approach for multicomponent synthesis of dihydropyrano [2,3-
c] pyrazoles using nano-Al2O3/BF3/Fe3O4 as reusable catalyst. 
Inorg Nano-Met Chem 50(1):16–21. https:// doi. org/ 10. 1080/ 
24701 556. 2019. 16614 58

 66. Ghorbani S, Habibi D, Heydari S (2022) A phenylazophe-
nylenediamine-based La-complex as a superb nanocatalyst for 
the synthesis of diverse pyrano [2,3-c] pyrazoles. J Mol Struct 
1260:132713. https:// doi. org/ 10. 1016/j. molst ruc. 2022. 132713

 67. Moosavi-Zare AR, Goudarziafshar H, Saki K (2017) Synthesis 
of pyranopyrazoles using nano-Fe-[phenylsalicylaldiminemethy
lpyranopyrazole]  Cl2 as a new Schiff base complex and catalyst. 
Appl Organometal Chem 32(1):e3968. https:// doi. org/ 10. 1002/ 
aoc. 3968

 68. Tekale SU, Kauthale SS, Jadhav KM, Pawar RP (2013) Nano-
ZnO catalyzed green and efficient one-pot four-component syn-
thesis of pyranopyrazoles. J Chem. https:// doi. org/ 10. 1155/ 2013/ 
840954

 69. Hajizadeh Z, Maleki A (2018) Poly (ethylene imine)-modified 
magnetic halloysite nanotubes: a novel, efficient and recycla-
ble catalyst for the synthesis of dihydropyrano [2,3-c] pyrazole 
derivatives. Mol Catal 460:87–93. https:// doi. org/ 10. 1016/j. mcat. 
2018. 09. 018

https://doi.org/10.1007/s11164-018-3696-2
https://doi.org/10.1007/s11164-018-3696-2
https://doi.org/10.1080/00397911.2015.1129668
https://doi.org/10.1080/00397911.2015.1129668
https://doi.org/10.1007/s13738-014-0561-0
https://doi.org/10.1007/s13738-014-0561-0
https://doi.org/10.1002/jhet.1864
https://doi.org/10.3390/molecules22101628
https://doi.org/10.1155/2013/920719
https://doi.org/10.1155/2013/920719
https://doi.org/10.1007/s13738-015-0793-7
https://doi.org/10.1007/s13738-015-0793-7
https://doi.org/10.1002/slct.201901676
https://doi.org/10.1016/j.cclet.2015.12.005
https://doi.org/10.3389/fchem.2019.00944
https://doi.org/10.1007/s11030-022-10572-9
https://doi.org/10.1007/s11030-022-10572-9
https://doi.org/10.1039/C6RA17594E
https://doi.org/10.1039/C6RA17594E
https://doi.org/10.1080/10406638.2022.2077775
https://doi.org/10.1080/10406638.2022.2077775
https://doi.org/10.1021/acsomega.1c04773
https://doi.org/10.1080/10406638.2021.1954039
https://doi.org/10.1080/10406638.2021.1954039
https://doi.org/10.1039/D3RA00137G
https://doi.org/10.1007/s13738-019-01610-9
https://doi.org/10.1016/S1872-2067(15)60853-1
https://doi.org/10.1016/S1872-2067(15)60853-1
https://doi.org/10.1039/D0RA04698A
https://doi.org/10.1007/s00706-013-1026-3
https://doi.org/10.1007/s00706-013-1026-3
https://doi.org/10.2174/2213337205666180731095751
https://doi.org/10.1080/24701556.2019.1661458
https://doi.org/10.1080/24701556.2019.1661458
https://doi.org/10.1016/j.molstruc.2022.132713
https://doi.org/10.1002/aoc.3968
https://doi.org/10.1002/aoc.3968
https://doi.org/10.1155/2013/840954
https://doi.org/10.1155/2013/840954
https://doi.org/10.1016/j.mcat.2018.09.018
https://doi.org/10.1016/j.mcat.2018.09.018


Molecular Diversity 

 70. Ali MAEAA (2014) Synthesis of pyranopyrazoles using mag-
netic  Fe3O4 nanoparticles as efficient and reusable catalyst. Tet-
rahedron 70:297–2975. https:// doi. org/ 10. 1016/j. tet. 2014. 03. 024

 71. Safaei-Ghomi J, Shahbazi-Alavi H, Heidari-Baghbahadorani E 
(2015)  ZnFe2O4 nanoparticles as a robust and reusable magneti-
cally catalyst in the four component synthesis of [(5-hydroxy-
3-methyl-1H-pyrazol-4yl)(phenyl) methyl] propanedinitriles 
and substituted 6-amino-pyrano [2,3-c] pyrazoles. J Chem Res 
39(7):410–413. https:// doi. org/ 10. 3184/ 17475 1915X 14358 47570 
631

 72. Borhade AV, Uphade BK (2015) ZnS nanoparticles as an efficient 
and reusable catalyst for synthesis of 4 H-pyrano [2,3-c] pyra-
zoles. J Iran Chem Soc 12:1107–1113. https:// doi. org/ 10. 1007/ 
s13738- 014- 0571-y

 73. Saha A, Payra S, Banerjee S (2015) One-pot multicomponent 
synthesis of highly functionalized bio-active pyrano [2,3-c] pyra-
zole and benzylpyrazolyl coumarin derivatives using  ZrO2 nano-
particles as a reusable catalyst. Green Chem 17(5):2859–2866. 
https:// doi. org/ 10. 1039/ C4GC0 2420F

 74. Safari J, Ahmadzadeh M (2017) Zwitterionic sulfamic acid func-
tionalized nanoclay: A novel nanocatalyst for the synthesis of 
dihydropyrano [2,3-c] pyrazoles and spiro [indoline-3, 4´-pyrano 
[2,3-c] pyrazole] derivatives. J Taiwan Inst Chem 1(74):14–24. 
https:// doi. org/ 10. 1016/j. jtice. 2016. 12. 010

 75. Dadaei M, Naeimi H (2021) An environment-friendly method 
for green synthesis of pyranopyrazole derivatives catalyzed by 
 CoCuFe2O4 magnetic nanocrystals under solvent-free conditions. 
Polycycl Aromat Compd 42(1):204–217. https:// doi. org/ 10. 1080/ 
10406 638. 2020. 17258 97

 76. Rather RA, Siddiqui ZN (2018) Synthesis, characterization 
and application of Nd-Salen Schiff base complex immobilized 
mesoporous silica in solvent free synthesis of pyranopyrazoles. 
J Organomet Chem 868:164–174. https:// doi. org/ 10. 1016/j. jorga 
nchem. 2018. 05. 008

 77. Akbarpour T, Yousefi Seyf J, Khazaei A, Sarmasti N (2022) 
Synthesis of pyrano[2,3-c] pyrazole derivatives using a novel 
ionic-liquid based nano-magnetic catalyst  (Fe3O4@  SiO2@
(CH2)3NH@CC@Imidazole@SO3H+Cl-). Polycycl Aromat 
Compd 42(6):3844–3864. https:// doi. org/ 10. 1080/ 10406 638. 
2021. 18731 52

 78. Moeinimehr M, Safaiee M, Ali Zolfigol M, Taherpour AA 
(2023) Synthesis and application of nano vanadium-oxo pyri-
diniumporphyrazinato sulfonic acid for synthesizing pyrazole 
and dihydropyrano[2,3-c]-pyrazole derivatives. ChemistrySe-
lect 8:e20220442. https:// doi. org/ 10. 1002/ slct. 20220 0849

 79. Hassanzadeh-Afruzi F, Salehi MM, Heidari G, Maleki A, Zare 
EN (2023) Hydrolyzed Arabic gum-grafted-polyacryloni-
trile@ zinc ferrite nanocomposite as an efficient biocatalyst 
for the synthesis of pyranopyrazoles derivatives. J Mol Struct 
1274:134490. https:// doi. org/ 10. 1016/j. molst ruc. 2022. 134490

 80. Moghaddam FM, Aghili S, Daneshfar M, Moghimi H, Danesh-
far Z (2023) Bread waste in the form of  CoFe2O4@ TBW 
catalyst was used as a green biocatalyst to synthesize pyrano-
pyrazole and tetraketone derivatives. Res Chem Intermed 
49(4):1507–1543. https:// doi. org/ 10. 1007/ s11164- 022- 04934-z

 81. Jamnani MTB, Hajinasiri R, Ghafuri H, Hossaini Z (2022) 
Synthesis and characterization of graphitic carbon nitride sup-
ported Tris (hydroxymethyl) aminomethanes) g-C3N4/THAM) 
as a novel catalyst for the synthesis of poly hydroquinoline and 
pyranopyrazole derivatives. Polyhedron 221:115878. https:// 
doi. org/ 10. 1016/j. poly. 2022. 115878

 82. Dharmendra D, Chundawat P, Vyas Y, Chaubisa P, Kumawat 
M, Ameta C (2022) Eco-friendly design of  TiO2 nanoparticles 
supported on  Fe3O4 coated carbon-based biochar substrate for 
the synthesis of pyrano-[2,3-c]-pyrazole derivatives. Sustain 

Chem Pharm 28:100732. https:// doi. org/ 10. 1016/j. scp. 2022. 
100732

 83. Arghan M, Koukabi N, Kolvari E (2019) Polyvinyl amine as a 
modified and grafted shell for  Fe3O4 nanoparticles: as a strong 
solid base catalyst for the synthesis of various dihydropyrano[2,3-
c] pyrazole derivatives and the Knoevenagel condensation. J 
Saudi Chem Soc 23:150–161. https:// doi. org/ 10. 1016/j. jscs. 2018. 
05. 008

 84. Hassanzadeh-Afruzi F, Dogari H, Esmailzadeh F, Maleki A 
(2021) Magnetized melamine-modified polyacrylonitrile (PAN@
melamine/Fe3O4) organometallic nanomaterial: preparation, 
characterization, and application as a multifunctional catalyst 
in the synthesis of bioactive dihydropyrano [2,3-c] pyrazole and 
2-amino-3-cyano 4H-pyran derivatives. Appl Organomet Chem 
35(10):e6363. https:// doi. org/ 10. 1002/ aoc. 6363

 85. Dandia A, Gupta SL, Indora A, Saini P, Parewa V, Rathore KS 
(2017) Ag NPs decked GO composite as a competent and reusa-
ble catalyst for ‘ON WATER’chemoselective synthesis of pyrano 
[2,3-c: 6, 5-c] dipyrazol]-2-ones. Tetrahedron Lett 58(12):1170–
1175. https:// doi. org/ 10. 1016/j. tetlet. 2017. 02. 014

 86. Azarifar D, Abbasi Y (2016) Sulfonic acid–functionalized mag-
netic  Fe3-xTixO4 nanoparticles: new recyclable heterogeneous 
catalyst for one-pot synthesis of tetrahydrobenzo [b] pyrans and 
dihydropyrano [2,3-c] pyrazole derivatives. Synth Commun 
46(9):745–758. https:// doi. org/ 10. 1080/ 00397 911. 2016. 11713 60

 87. Fatahpour M, Sadeh FN, Hazeri N, Maghsoodlou MT, Hadavi 
MS, Mahnaei S (2017) Ag/TiO2 nano-thin films as robust het-
erogeneous catalyst for one-pot, multi-component synthesis of 
bis (pyrazol-5-ol) and dihydropyrano [2,3-c] pyrazole analogs. J 
Saudi Chem Soc 21(8):998–1006

 88. Karami S, Dekamin MG, Valiey E, Shakib P (2022) DABA 
MNPs: a new and efficient magnetic bifunctional nanocatalyst 
for the green synthesis of biologically active pyrano [2,3-c] pyra-
zole and benzylpyrazolyl coumarin derivatives. New J Chem 
44(33):13952–13961. https:// doi. org/ 10. 1039/ D0NJ0 2666B

 89. Darabi M, Nikoorazm M, Tahmasbi B, Ghorbani-Choghamarani 
A (2023) Immobilization of Ni (ii) complex on the surface of 
mesoporous modified-KIT-6 as a new, reusable and highly effi-
cient nanocatalyst for the synthesis of tetrazole and pyranopyra-
zole derivatives. RSC Adv 13(18):12572–12588. https:// doi. org/ 
10. 1039/ D2RA0 8269A

 90. Beerappa M, Shivashankar K (2018) Four component synthesis 
of highly functionalized pyrano [2,3-c] pyrazoles from benzyl 
halides. Synth Commun 48(2):146–154. https:// doi. org/ 10. 1080/ 
00397 911. 2017. 13867 88

 91. Ghasemzadeh MA, Mirhosseini-Eshkevari B, Dadashi J (2022) 
IRMOF-3 functionalized GO/CuFe2O4: a new and recyclable cat-
alyst for the synthesis of dihydropyrano [2,3-c] pyrazoles under 
ultrasound irradiations. J Mol Struct 1261:132843. https:// doi. 
org/ 10. 1016/j. molst ruc. 2022. 132843

 92. Abdollahi-Alibeik M, Moaddeli A, Masoomi K (2015)  BF3 
bonded nano  Fe3O4  (BF3/MNPs): an efficient magnetically 
recyclable catalyst for the synthesis of 1,4-dihydropyrano [2,3-
c] pyrazole derivatives. RSC Adv 5(91):74932–74939. https:// 
doi. org/ 10. 1039/ C5RA1 1343A

 93. Gholtash JE, Farahi M (2018) Tungstic acid-functionalized 
 Fe3O4@TiO2: preparation, characterization and its application 
for the synthesis of pyrano [2,3-c] pyrazole derivatives as a 
reusable magnetic nanocatalyst. RSC Adv 8(71):40962–40967. 
https:// doi. org/ 10. 1039/ C8RA0 6886K

 94. Moradi P, Hajjami M (2021) Magnetization of biochar nano-
particles as a novel support for fabrication of organo nickel as 
a selective, reusable and magnetic nanocatalyst in organic reac-
tions. New J Chem 45(6):2981–2994. https:// doi. org/ 10. 1039/ 
D0NJ0 4990E

https://doi.org/10.1016/j.tet.2014.03.024
https://doi.org/10.3184/174751915X1435847570631
https://doi.org/10.3184/174751915X1435847570631
https://doi.org/10.1007/s13738-014-0571-y
https://doi.org/10.1007/s13738-014-0571-y
https://doi.org/10.1039/C4GC02420F
https://doi.org/10.1016/j.jtice.2016.12.010
https://doi.org/10.1080/10406638.2020.1725897
https://doi.org/10.1080/10406638.2020.1725897
https://doi.org/10.1016/j.jorganchem.2018.05.008
https://doi.org/10.1016/j.jorganchem.2018.05.008
https://doi.org/10.1080/10406638.2021.1873152
https://doi.org/10.1080/10406638.2021.1873152
https://doi.org/10.1002/slct.202200849
https://doi.org/10.1016/j.molstruc.2022.134490
https://doi.org/10.1007/s11164-022-04934-z
https://doi.org/10.1016/j.poly.2022.115878
https://doi.org/10.1016/j.poly.2022.115878
https://doi.org/10.1016/j.scp.2022.100732
https://doi.org/10.1016/j.scp.2022.100732
https://doi.org/10.1016/j.jscs.2018.05.008
https://doi.org/10.1016/j.jscs.2018.05.008
https://doi.org/10.1002/aoc.6363
https://doi.org/10.1016/j.tetlet.2017.02.014
https://doi.org/10.1080/00397911.2016.1171360
https://doi.org/10.1039/D0NJ02666B
https://doi.org/10.1039/D2RA08269A
https://doi.org/10.1039/D2RA08269A
https://doi.org/10.1080/00397911.2017.1386788
https://doi.org/10.1080/00397911.2017.1386788
https://doi.org/10.1016/j.molstruc.2022.132843
https://doi.org/10.1016/j.molstruc.2022.132843
https://doi.org/10.1039/C5RA11343A
https://doi.org/10.1039/C5RA11343A
https://doi.org/10.1039/C8RA06886K
https://doi.org/10.1039/D0NJ04990E
https://doi.org/10.1039/D0NJ04990E


 Molecular Diversity

 95. Badbedast M, Abdolmaleki A, Khalili D (2022) Copper-dec-
orated magnetite polydopamine composite  (Fe3O4@ PDA): an 
effective and durable heterogeneous catalyst for pyranopyrazole 
synthesis. ChemistrySelect 7(48):e202203199. https:// doi. org/ 
10. 1002/ slct. 20220 3199

 96. Lashkari M, Ghashang M (2022) Ultrasonic assisted prepara-
tion of pyrano [2,3-c] pyrazole derivatives using ZnO-NiO-Fe3O4 
nano-composite system. Polycycl Aromat Compd 42(10):6810–
6817. https:// doi. org/ 10. 1080/ 10406 638. 2021. 19913 89

 97. Maddila SN, Maddila S, van Zyl WE, Jonnalagadda SB (2017) 
 CeO2/ZrO2 as green catalyst for one-pot synthesis of new 
pyrano[2,3-c]-pyrazoles. Res Chem Intermed 43:4313–4325. 
https:// doi. org/ 10. 1007/ s11164- 017- 2878-7

 98. Ebrahimipour SY, Ranjabr ZR, Kermani ET, Amiri BP, Rud-
bari HA, Saccá A, Hoseinzade F (2015) A mixed-ligand ternary 
complex of nickel (II): synthesis, characterization and catalytic 
investigation for the synthesis of pyranopyrazoles. Transition 
Met Chem 40:39–45. https:// doi. org/ 10. 1007/ s11243- 014- 9887-9

 99. Saravana Ganesan N, Suresh P (2020) Nitrogen-doped graphene 
oxide as a sustainable carbonaceous catalyst for greener syn-
thesis: benign and solvent-free synthesis of pyranopyrazoles. 
ChemistrySelect 5(16):4988–4993. https:// doi. org/ 10. 1002/ slct. 
20200 0748

 100. Elnagdi NM, Al-Hokbany NS (2012) Organocatalysis in synthe-
sis: L-proline as an enantioselective catalyst in the synthesis of 
pyrans and thiopyrans. Molecules 17(4):4300–4312

 101. Muramulla S, Zhao CG (2011) A new catalytic mode of the 
modularly designed organocatalysts (MDOs): enantioselective 
synthesis of dihydropyrano [2,3-c] pyrazoles. Tetrahedron Lett 
52(30):3905–3908. https:// doi. org/ 10. 1016/j. tetlet. 2011. 05. 092

 102. Gogoi S, Zhao CG (2009) Organocatalyzed enantioselective 
synthesis of 6-amino-5-cyanodihydropyrano [2,3-c] pyrazoles. 
Tetrahedron Lett 50(19):2252–2255. https:// doi. org/ 10. 1016/j. 
tetlet. 2009. 02. 210

 103. Pandit KS, Chavan PV, Desai UV, Kulkarni MA, Wadgaonkar 
PP (2015) Tris-hydroxymethylaminomethane (THAM): a novel 
organocatalyst for an environmentally benign synthesis of medic-
inally important tetrahydrobenzo [b] pyrans and pyran-annulated 
heterocycles. New J Chem 39(6):4452–4463. https:// doi. org/ 10. 
1039/ C4NJ0 2346C

 104. Reddy MM, Jayashankara VP, Pasha MA (2010) Glycine-cata-
lyzed efficient synthesis of pyranopyrazoles via one-pot multi-
component reaction. Synth Commun 40(19):2930–2934. https:// 
doi. org/ 10. 1080/ 00397 91090 33406 86

 105. Kangani M, Hazeri N, Mghsoodlou MT, Habibi-khorasani SM, 
Salahi S (2015) Green synthesis of 1,4-dihydropyrano [2,3-c] 
pyrazole derivatives using maltose as biodegradable catalyst. 
Res Chem Intermed 41:2513–2519. https:// doi. org/ 10. 1007/ 
s11164- 013- 1365-z

 106. Zhou CF, Li JJ, Su WK (2016) Morpholine triflate promoted 
one-pot, four-component synthesis of dihydropyrano [2,3-c] 
pyrazoles. Chin Chem Lett 27(11):1686–1690. https:// doi. org/ 
10. 1016/j. cclet. 2016. 05. 010

 107. Atar AB, Kim JT, Lim KT, Jeong YT (2014) Synthesis of 
6-amino-2,4-dihydropyrano [2,3-c] pyrazol-5-carbonitriles cata-
lyzed by silica-supported tetramethylguanidine under solvent-
free conditions. Synth Commun 44(18):2679–2691. https:// doi. 
org/ 10. 1080/ 00397 911. 2014. 913634

 108. Khazdooz L, Zarei A, Ahmadi T, Aghaei H, Nazempour N, 
Golestanifar L, Sheikhan N (2017) Synthesis of dihydropyrano 
[2,3-c] pyrazoles using Ca9.5Mg0.5(PO4) 5.5(SiO4)0.5F1.5 as a 
new nano cooperative catalyst. Reac Kinet Mech Cat 122:229–
245. https:// doi. org/ 10. 1007/ s11144- 017- 1217-8

 109. Sinija PS, Sreekumar KJ (2015) Facile synthesis of pyranopyra-
zoles and 3,4-dihydropyrimidin-2 (1 H)-ones by a Ti-grafted pol-
yamidoamine dendritic silica hybrid catalyst via a dual activation 

route. RSC Adv 5(123):101776–101788. https:// doi. org/ 10. 1039/ 
C5RA1 6723J

 110. Ghorbani-Vaghei R, Mahmoodi J, Shahriari A, Maghbooli Y 
(2017) Synthesis of pyrano [2,3-c] pyrazole derivatives using 
 Fe3O4@  SiO2@ piperidinium benzene-1, 3-disulfonate  (Fe3O4@ 
 SiO2 nanoparticle-supported IL) as a novel, green and heteroge-
neous catalyst. Appl Organometal Chem 31(12):e3816. https:// 
doi. org/ 10. 1002/ aoc. 3816

 111. Shaterian HR, Kangani M (2014) Synthesis of 6-amino-4-aryl-
3-methyl-1,4-dihydropyrano [2,3-c] pyrazole-5-carbonitriles by 
heterogeneous reusable catalysts. Res Chem Intermed 40:1997–
2005. https:// doi. org/ 10. 1007/ s11164- 013- 1097-0

 112. Dadaei M, Naeimi H (2021) Nano cobalt ferrite encapsulated-
silica particles bearing melamine as an easily recyclable catalyst 
for the synthesis of dihydropyrano [2,3-c] pyrazoles under green 
conditions. Appl Organomet Chem 35(10):e6365. https:// doi. org/ 
10. 1002/ aoc. 6365

 113. Bihani M, Bora PP, Bez G, Askari H (2013) Amberlyst A21 cata-
lyzed chromatography-free method for multicomponent synthe-
sis of dihydropyrano [2,3-c] pyrazoles in ethanol. ACS Sustain 
Chem Eng 1(4):440–447. https:// doi. org/ 10. 1021/ sc300 173z

 114. Ablajan K, Liju W, Tuoheti A, Kelimu Y (2012) An efficient 
four-component, one-pot synthesis of 6-amino-4-aryl-3-methyl-
2,4-dihydropyrano [2,3-c] pyrazole-5-carbonitriles under phase-
transfer catalyst. Lett Org Chem 9(9):39–43. https:// doi. org/ 10. 
2174/ 15701 78128 03521 135

 115. Amine Khodja I, Fisli A, Lebhour O, Boulcina R, Boumoud B, 
Debache A (2016) Four-component synthesis of pyrano [2,3-c] 
pyrazoles catalyzed by triphenylphosphine in aqueous medium. 
Lett Org Chem 13(2):85–91

 116. Mecadon H, Rohman MR, Kharbangar I, Laloo BM, Kharkongor 
I, Rajbangshi M, Myrboh B (2011) L-Proline as an efficicent 
catalyst for the multi-component synthesis of 6-amino-4-alkyl/
aryl-3-methyl-2,4-dihydropyrano [2,3-c] pyrazole-5-carbonitriles 
in water. Tetrahedron Lett 52(25):3228–3231. https:// doi. org/ 10. 
1016/j. tetlet. 2011. 04. 048

 117. Guo RY, An ZM, Mo LP, Yang ST, Liu HX, Wang SX, Zhang ZH 
(2013) Meglumine promoted one-pot, four-component synthesis 
of pyranopyrazole derivatives. Tetrahedron 69(47):9931–9938. 
https:// doi. org/ 10. 1016/j. tet. 2013. 09. 082

 118. Ghasemzadeh MA, Mirhosseini-Eshkevari B, Abdollahi-Basir 
MH (2019) MIL-53(Fe) metal-organic frameworks (MOFs) as 
an efficient and reusable catalyst for the one-pot four-component 
synthesis of pyrano [2,3-c]-pyrazoles. Appl Organomet Chem 
33(1):e4679. https:// doi. org/ 10. 1002/ aoc. 4679

 119. Bora PP, Bihani M, Bez G (2013) Multicomponent synthesis of 
dihydropyrano [2,3-c] pyrazoles catalyzed by lipase from Asper-
gillus niger. J Mol Catal B Enzym 92:24–33. https:// doi. org/ 10. 
1016/j. molca tb. 2013. 03. 015

 120. Khairnar BJ, Mane DV, Chaudhari BR (2019) Heterogeneous 
PS-DABCO catalyzed one pot four-component synthesis of 
pyranopyrazole. J Appl Chem 8:425–434

 121. Kumar GS, Kurumurthy C, Veeraswamy B, Sambasiva Rao P, 
Shanthan Rao P, Narsaiah B (2013) An efficient multi-component 
synthesis of 6-amino-3-methyl-4-aryl-2,4-dihydropyrano[2,3-c]
pyrazole-5-carbonitriles. Org Preparations Proc Int 45(5):429–
436. https:// doi. org/ 10. 1080/ 00304 948. 2013. 816220

 122. Moosavi-Zare AR, Zolfigol MA, Mousavi-Tashar A (2016) Syn-
thesis of pyranopyrazole derivatives by in situ generation of trityl 
carbocation under mild and neutral media. Res Chem Intermed 
42:7305–7312. https:// doi. org/ 10. 1007/ s11164- 016- 2537-4

 123. Babaee S, Zarei M, Sepehrmansourie H, Zolfigol MA, Rostamnia 
S (2020) Synthesis of metal-organic frameworks MIL-101(Cr)-
NH2 containing phosphorous acid functional groups: application 
for the synthesis of N-amino-2-pyridone and pyrano[2,3-c] pyra-
zole derivatives via a cooperative vinylogous anomeric-based 

https://doi.org/10.1002/slct.202203199
https://doi.org/10.1002/slct.202203199
https://doi.org/10.1080/10406638.2021.1991389
https://doi.org/10.1007/s11164-017-2878-7
https://doi.org/10.1007/s11243-014-9887-9
https://doi.org/10.1002/slct.202000748
https://doi.org/10.1002/slct.202000748
https://doi.org/10.1016/j.tetlet.2011.05.092
https://doi.org/10.1016/j.tetlet.2009.02.210
https://doi.org/10.1016/j.tetlet.2009.02.210
https://doi.org/10.1039/C4NJ02346C
https://doi.org/10.1039/C4NJ02346C
https://doi.org/10.1080/00397910903340686
https://doi.org/10.1080/00397910903340686
https://doi.org/10.1007/s11164-013-1365-z
https://doi.org/10.1007/s11164-013-1365-z
https://doi.org/10.1016/j.cclet.2016.05.010
https://doi.org/10.1016/j.cclet.2016.05.010
https://doi.org/10.1080/00397911.2014.913634
https://doi.org/10.1080/00397911.2014.913634
https://doi.org/10.1007/s11144-017-1217-8
https://doi.org/10.1039/C5RA16723J
https://doi.org/10.1039/C5RA16723J
https://doi.org/10.1002/aoc.3816
https://doi.org/10.1002/aoc.3816
https://doi.org/10.1007/s11164-013-1097-0
https://doi.org/10.1002/aoc.6365
https://doi.org/10.1002/aoc.6365
https://doi.org/10.1021/sc300173z
https://doi.org/10.2174/157017812803521135
https://doi.org/10.2174/157017812803521135
https://doi.org/10.1016/j.tetlet.2011.04.048
https://doi.org/10.1016/j.tetlet.2011.04.048
https://doi.org/10.1016/j.tet.2013.09.082
https://doi.org/10.1002/aoc.4679
https://doi.org/10.1016/j.molcatb.2013.03.015
https://doi.org/10.1016/j.molcatb.2013.03.015
https://doi.org/10.1080/00304948.2013.816220
https://doi.org/10.1007/s11164-016-2537-4


Molecular Diversity 

oxidation. ACS Omega 5(12):6240–6249. https:// doi. org/ 10. 
1021/ acsom ega. 9b021 33

 124. Avudaiappan G, Unnimaya TJ, Asha P, Unnikrishnan V, Sreeku-
mar K (2020) Green synthesis of pyrazolopyranopyrimidinone 
and pyranopyrazole derivatives using porphyrin-initiated amine-
functionalized PolyBCMO dendritic polymer as sonocatalyst. J 
Heterocycl Chem 57(1):197–209. https:// doi. org/ 10. 1002/ jhet. 
3765

 125. Agrwal A, Pathak RK, Kasana V (2021) Molecular docking and 
antibacterial studies of pyranopyrazole derivatives synthesized 
using [Pap-Glu@Chi] biocatalyst through a greener approach. 
Arab J Sci Eng. https:// doi. org/ 10. 1007/ s13369- 021- 05377-1

 126. Mandha SR, Siliveri S, Alla M, Bommena VR, Bommineni MR, 
Balasubramanian S (2012) Eco-friendly synthesis and biological 
evaluation of substituted pyrano [2,3-c] pyrazoles. Bioorg Med 
Chem Lett 22(16):5272–5278. https:// doi. org/ 10. 1016/j. bmcl. 
2012. 06. 055

 127. Dalal KS, Tayade YA, Wagh YB, Trivedi DR, Dalal DS, Chaud-
hari BL (2016) Bovine serum albumin catalyzed one-pot, three-
component synthesis of dihydropyrano [2,3-c] pyrazole deriva-
tives in aqueous ethanol. RSC Adv 6(18):4868–4879. https:// doi. 
org/ 10. 1039/ C5RA1 3014J

 128. Lu Z, Xiao J, Wang D, Li Y (2015) An efficient one-pot five-
component tandem sequential approach for the synthesis of 
pyranopyrazole derivatives via suzuki coupling and multicom-
ponent reaction. Asian J Org Chem 4(5):487–492. https:// doi. org/ 
10. 1002/ ajoc. 20150 0039

 129. Gangu KK, Maddila S, Maddila SN, Jonnalagadda SB (2017) 
Novel iron doped calcium oxalates as promising heterogeneous 
catalysts for one-pot multi-component synthesis of pyranopyra-
zoles. RSC Adv 7(1):423–432. https:// doi. org/ 10. 1039/ C6RA2 
5372E

 130. Ablajan K, Liju W, Kelimu Y, Jun F (2013) Cerium ammonium 
nitrate (CAN)-catalyzed four-component one-pot synthesis of 
multi-substituted pyrano [2,3-c] pyrazoles under ultrasound irra-
diation. Mol Diversity 17(4):693–700. https:// doi. org/ 10. 1007/ 
s11030- 013- 9465-7

 131. Gujar JB, Chaudhari MA, Kawade DS, Shingare MS (2014) 
Molecular sieves: an efficient and reusable catalyst for multi-
component synthesis of dihydropyrano [2,3-C] pyrazole deriva-
tives. Tetrahedron Lett 55(44):6030–6033. https:// doi. org/ 10. 
1016/j. tetlet. 2014. 08. 127

 132. El Mejdoubi K, Sallek B, Digua K, Chaair H, Oudadesse H 
(2019) Natural phosphate K09 as a new reusable catalyst for the 
synthesis of dihydropyrano [2,3-c] pyrazole derivatives at room 
temperature. Kinet Catal 60:536–542. https:// doi. org/ 10. 1134/ 
S0023 15841 90400 98

 133. Vasuki G, Kumaravel K (2008) Rapid four-component reac-
tions in water: synthesis of pyranopyrazoles. Tetrahedron Lett 
49(39):5636–5638. https:// doi. org/ 10. 1016/j. tetlet. 2008. 07. 055

 134. Kanagaraj K, Pitchumani K (2010) Solvent-free multicomponent 
synthesis of pyranopyrazoles: per-6-amino-β-cyclodextrin as a 
remarkable catalyst and host. Tetrahedron Lett 51(25):3312–
3316. https:// doi. org/ 10. 1016/j. tetlet. 2010. 04. 087

 135. Nagarajan AS, Reddy BS (2009) Synthesis of substituted pyrano-
pyrazoles under neat conditions via a multicomponent reaction. 
Synlett 12:2002–2004. https:// doi. org/ 10. 1055/s- 0029- 12175 26

 136. Nguyen HT, Van Le T, Tran PH (2021) AC-SO3H/[CholineCl]
[Urea]2 as a green catalytic system for the synthesis of pyrano 
[2,3-c] pyrazole scaffolds. J Environ Chem Eng 9(3):105228. 
https:// doi. org/ 10. 1016/j. jece. 2021. 105228

 137. Gadkari YU, Hatvate NT, Telvekar VN (2021) Concentrated solar 
radiation-assisted one-pot/multicomponent synthesis of pyrano-
pyrazole derivatives under neat condition. Res Chem Intermed 
47:4245–4255. https:// doi. org/ 10. 1007/ s11164- 021- 04530-7

 138. Shinde SK, Patil MU, Damate SA, Patil SS (2018) Synergetic 
effects of naturally sourced metal oxides in organic synthesis: a 
greener approach for the synthesis of pyrano [2,3-c] pyrazoles 
and pyrazolyl-4 H-chromenes. Res Chem Intermed 44:1775–
1795. https:// doi. org/ 10. 1007/ s11164- 017- 3197-8

 139. Yang X, Sun J, Huang X, Jin Z (2022) Asymmetric synthesis 
of structurally sophisticated spirocyclic pyrano [2,3-c] pyrazole 
derivatives bearing a chiral quaternary carbon center. Org Lett 
24(29):5474–5479. https:// doi. org/ 10. 1021/ acs. orgle tt. 2c022 11

 140. Nguyen HT, Truong MN, Le TV, Vo NT, Nguyen HD, Tran PH 
(2022) A new pathway for the preparation of pyrano [2,3-c] pyra-
zoles and molecular docking as inhibitors of p38 MAP kinase. 
ACS Omega 7(20):17432–17443. https:// doi. org/ 10. 1021/ acsom 
ega. 2c018 14

 141. Metwally NH, Koraa TH, Sanad SM (2022) Green one-pot syn-
thesis and in vitro antibacterial screening of pyrano [2,3-c] pyra-
zoles, 4 H-chromenes and pyrazolo [1, 5-a] pyrimidines using 
biocatalyzed pepsin. Synth Commun 52(8):1139–1154. https:// 
doi. org/ 10. 1080/ 00397 911. 2022. 20743 01

 142. Yi MH, Jin HS, Wang RB, Zhao LM (2022) Copper-catalyzed 
cascade annulation of o-hydroxyphenyl propargylamines with 
pyrazolin-5-ones to access pyrano [2,3-c] pyrazoles. J Org Chem 
87(9):5795–5803. https:// doi. org/ 10. 1021/ acs. joc. 2c001 22

 143. Khoobi M, Ghanoni F, Nadri H, Moradi A, Hamedani MP, 
Moghadam FH, Emami S, Vosooghi M, Zadmard R, Foroumadi 
A, Shafiee A (2015) New tetracyclic tacrine analogs containing 
pyrano [2,3-c] pyrazole: efficient synthesis, biological assess-
ment and docking simulation study. Eur J Med Chem 89:296–
303. https:// doi. org/ 10. 1016/j. ejmech. 2014. 10. 049

 144. Kashtoh H, Muhammad MT, Khan JJ, Rasheed S, Khan A, 
Perveen S, Javaid K, Khan KM, Choudhary MI (2016) Dihy-
dropyrano [2,3-c] pyrazole: novel in vitro inhibitors of yeast 
α-glucosidase. Bioorg Chem 65:61–72. https:// doi. org/ 10. 1016/j. 
bioorg. 2016. 01. 008

 145. Chioua M, Pérez-Peña J, García-Font N, Moraleda I, Iriepa I, 
Soriano E, Marco-Contelles J, Oset-Gasque MJ (2015) Pyrano-
pyrazolotacrines as nonneurotoxic, Aβ-anti-aggregating and neu-
roprotective agents for Alzheimer’s disease. Future Med Chem 
7(7):845–855. https:// doi. org/ 10. 4155/ fmc. 15. 41

 146. Varu RA, Pancholi KS, Karia DC (2013) Synthesis of diverse 
pyrano[2,3-c]pyrazoles derivatives as potential antimicrobial 
agents. Der Pharm Sin 4:1–5

 147. Parikh PH, Timaniya JB, Patel MJ, Patel KP (2022) Microwave-
assisted synthesis of pyrano [2,3-c]-pyrazole derivatives and 
their anti-microbial, anti-malarial, anti-tubercular, and anti-
cancer activities. J Mol Struct 1249:131605. https:// doi. org/ 10. 
1016/j. molst ruc. 2021. 131605

 148. Nagasundaram N, Padmasree K, Santhosh S, Vinoth N, Sedhu 
N, Lalitha A (2022) Ultrasound promoted synthesis of new azo 
fused dihydropyrano [2,3-c] pyrazole derivatives: In vitro anti-
microbial, anticancer, DFT, in silico ADMET and Molecular 
docking studies. J Mol Struct 1263:133091. https:// doi. org/ 10. 
1016/j. molst ruc. 2022. 133091

 149. Messaad M, Dhouib I, Abdelhedi M, Khemakhem B (2022) Syn-
thesis, bioassay and molecular docking of novel pyrazole and 
pyrazolone derivatives as acetylcholinesterase inhibitors. J Mol 
Struct 1263:133105. https:// doi. org/ 10. 1016/j. molst ruc. 2022. 
133105

 150. Abouelenein MG, Ismail AE, Aboelnaga A, Tantawy MA, El-
Ebiary NM, El-Assaly SA (2023) Synthesis, DFT calculations, 
in silico studies, and biological evaluation of pyrano [2,3-c] 
pyrazole and pyrazolo [4′, 3′: 5, 6] pyrano [2,3-d] pyrimidine 
derivatives. J Mol Struct 1275:134587. https:// doi. org/ 10. 1016/j. 
molst ruc. 2022. 134587

https://doi.org/10.1021/acsomega.9b02133
https://doi.org/10.1021/acsomega.9b02133
https://doi.org/10.1002/jhet.3765
https://doi.org/10.1002/jhet.3765
https://doi.org/10.1007/s13369-021-05377-1
https://doi.org/10.1016/j.bmcl.2012.06.055
https://doi.org/10.1016/j.bmcl.2012.06.055
https://doi.org/10.1039/C5RA13014J
https://doi.org/10.1039/C5RA13014J
https://doi.org/10.1002/ajoc.201500039
https://doi.org/10.1002/ajoc.201500039
https://doi.org/10.1039/C6RA25372E
https://doi.org/10.1039/C6RA25372E
https://doi.org/10.1007/s11030-013-9465-7
https://doi.org/10.1007/s11030-013-9465-7
https://doi.org/10.1016/j.tetlet.2014.08.127
https://doi.org/10.1016/j.tetlet.2014.08.127
https://doi.org/10.1134/S0023158419040098
https://doi.org/10.1134/S0023158419040098
https://doi.org/10.1016/j.tetlet.2008.07.055
https://doi.org/10.1016/j.tetlet.2010.04.087
https://doi.org/10.1055/s-0029-1217526
https://doi.org/10.1016/j.jece.2021.105228
https://doi.org/10.1007/s11164-021-04530-7
https://doi.org/10.1007/s11164-017-3197-8
https://doi.org/10.1021/acs.orglett.2c02211
https://doi.org/10.1021/acsomega.2c01814
https://doi.org/10.1021/acsomega.2c01814
https://doi.org/10.1080/00397911.2022.2074301
https://doi.org/10.1080/00397911.2022.2074301
https://doi.org/10.1021/acs.joc.2c00122
https://doi.org/10.1016/j.ejmech.2014.10.049
https://doi.org/10.1016/j.bioorg.2016.01.008
https://doi.org/10.1016/j.bioorg.2016.01.008
https://doi.org/10.4155/fmc.15.41
https://doi.org/10.1016/j.molstruc.2021.131605
https://doi.org/10.1016/j.molstruc.2021.131605
https://doi.org/10.1016/j.molstruc.2022.133091
https://doi.org/10.1016/j.molstruc.2022.133091
https://doi.org/10.1016/j.molstruc.2022.133105
https://doi.org/10.1016/j.molstruc.2022.133105
https://doi.org/10.1016/j.molstruc.2022.134587
https://doi.org/10.1016/j.molstruc.2022.134587


 Molecular Diversity

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Ashok R. Yadav1 · Ashishkumar P. Katariya2 · Anant B. Kanagare1 · Pramod D. Jawale Patil3 · Chandrakant K. Tagad4 · 
Satish A. Dake5 · Pratik A. Nagwade6 · Satish U. Deshmukh1

 * Anant B. Kanagare 
 anantinostar@gmail.com

 * Satish U. Deshmukh 
 anantinostar@gmail.com

 Satish A. Dake 
 satishud@gmail.com

1 Department of Chemistry, Deogiri College, Aurangabad, 
Maharashtra 431005, India

2 Department of Chemistry, SAJVPM’S Smt. S. K. Gandhi 
Arts, Amolak Science & P. H. Gandhi, Commerce College, 
Kada, Beed, Maharashtra 414202, India

3 Department of Chemistry, Balbhim Arts, Science 
and Commerce College, Beed, Maharashtra 431122, India

4 Department of Biochemistry, S.B.E.S. College of Science, 
Aurangabad, Maharashtra 431001, India

5 Department of Chemistry, Sunderrao Solanke 
Mahavidyalaya, Majalgaon, Maharashtra 431131, India

6 Department of Chemistry, Shri Anand College, 
Pathardi, Ahmednagar, Maharashtra 414102, India


	Review on advancements of pyranopyrazole: synthetic routes and their medicinal applications
	Abstract
	Graphical abstract

	Introduction
	General method for synthesis pyranopyrazole
	Acid-catalyzed reaction
	Base-catalyzed reaction
	Ionic liquids- and green solvents-catalyzed reaction
	Nano-catalyzed reaction
	Metal oxide-catalyzed reaction
	Organo-catalyzed reaction
	Silica-supported catalyzed reaction
	Miscellaneous reactions
	Medicinal applications


	Conclusion
	References


