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ABSTRACT
In this present communication, four component, one pot synthesis of ben-
zyl pyrazolyl coumarin (5a-m) derivatives achieved from the condensation
of phenyl hydrazine (1), ethyl acetoacetate (EAA, 2), various substituted
benzaldehyde (3), and 4-hydroxy coumarin (4) in EtOH/H2O using metal-
free chitosan supported ionic liquid carbon nanotubes (CSIL@CNTs,
10mol%) as heterogeneous catalyst reflux at 50 �C for 25–30min. The opti-
mized conditions and excellent yields of the products were reported. All
the synthesized compounds were charecterized by the spectroscopic meth-
ods. The main advantages of this reported method using CSIL@CNTs. leads
to effective conversions were achieved under reflux conditions without the
need of an inert atmosphere. In adition, shorter reaction time, simple work
up procedure, easy preparation of the catalyst, and chemoselectivity were
siginificantly recorded.
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Introduction

In view of the principles of green chemistry, the improvement of reaction process, media, and
catalysts are still challenging for synthetic chemistry. In this regard, multicomponent reactions
(MCRs) have been established as a practical synthetic tool to create molecular complexity and
biologically active compounds in a single reaction vessel featuring high atom economy, good
overall yields and selectivity, short reaction times, operational simplicity, while reducing waste
and energy intake.1 These reactions have been investigated widely in organic and diversely ori-
ented synthesis. In the past few decades, the synthesis of novel heterocyclic compounds has been
received a great deal of attention, most notably for the construction of heterocyclic compounds.2,3

3-Substituted 4-hydroxycoumarin particularly 3-benzyl substituted 4-hydroxy coumarin deriva-
tives are more importance because they exist in many natural products. It exhibit a wide range of
biological activities due to its abundance in medicinal scaffolds namely warfarin, phenprocoumon,
coumatetralyl, carbochromen, bromadialone offering antibacterial, anti-HIV,4 antiviral,5 anti-
coagulant,6 antioxidant,7 and anticancer activities.8 Pyrazolones are also important scaffolds in
many medicinal drug fields. Heterocyclic nucleus containing pyrazolones are useful antipyretic
and analgesic drugs,9 while edaravone (MCI-186) has been used for treating brain10 and
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myocardial ischemia.11 In addition, pyrazolones possess kinase inhibitory properties, particularly
of enzymes catalyze the phosphorylation of serine and threonine in proteins, and is also used for
treating diseases related to these enzymes, such as rheumatoid arthritis, psoriasis, bone loss,
cancer, and other proliferative diseases like antifungal,12 antimycobacterial,13 antibacterial,14 anti-
inflammatory,15 antitumor,16 gastric secretion stimulatory,17 antidepressant,18 antifilarial activ-
ities,19 and anti-tubercular activities.20 A molecular scaffold of 3-benzyl substituted coumarin as
well as pyrazolone moieties might integrate properties of both, and the synergism of both the het-
erocyclic moieties in a single nucleus may result in the formation of some important molecules
from a biological point of view.

Chitosan is the second abundant polysaccharide which is derived from chitin is a cheap bio-
polymer with interesting features such as biodegradability, biocompatibility, nontoxicity which
can be physically or chemically modified with various materials. According to these features, chi-
tosan has been considered a suitable support for heterogeneous catalysts.21–25 Over the last few
decades, the research have been documented the importance of ionic liquids (ILs) has signifi-
cantly increased because of their unique properties such as non-inflammability, non-volatility,
low vapor pressure, high chemical and thermal stability, environmental compatibility, high select-
ivity, potential recoverability, greater selectivity, and so forth.26 because of these properties, ILs
have been extensively employed in organic synthesis as green solvents and reagents,27 catalysis,28

electrochemistry,29 and liquid–liquid extraction.30 Many ILs, having a Brønsted acidic character,
show useful characteristics of solid acids and mineral liquid acids. Because of these properties,
these ILs have been designed to replace conventional mineral liquid acids like H2SO4 and HCl, in
a variety of organic transformations.31 Solvent-free synthesis using ILs has attracted considerable
attention from a green chemistry view point.32 Among the ILs, sulfonic acid-functionalized imida-
zolium salts have been used as homogeneous catalysts in various organic transformations. One of
the major drawbacks of homogeneous catalysis using ILs is the use of excess solvent or a catalyst
producing large amount of waste materials. Moreover, disposal of these waste materials is
extremely difficult which makes the overall process unacceptable from an environmental view
point. To avoid the limitations of homogeneous catalysis involving ILs, which have been immobi-
lized on solid supports to combine the advantages of ILs and heterogeneous support materials.33

In this context, carbon nanotubes (CNTs) are considered an ideal material showing remarkable
properties, viz a nontoxic nature, exceptional physical strength, large surface area, excellent elec-
tron conductivity, high oxidation stability, and good chemical integrity.34,35 Moreover, the cata-
lytic activity of CNTs in the form of CNT metal composites is well documented in literature.36–38

As part of ongoing research on application of immobilized ILs in organic reactions. Taking
this into account, herein, we report the synthesis of structurally diverse benzyl pyrazolyl coumarin
frameworks in EtOH/H2O under reflux conditions catalyzed by 10mol% of CSIL@CNTs
(Scheme 1).

Result and discussion

The use of ILs as catalysts for the synthesis of heterocyclic compounds is well known; ILs has
been used extensively for synthesizing heterocyclic compounds. Recently, Safaei-Ghomi and

Scheme 1. Synthesis of benzyl pyrazolyl coumarin (5a-m) derivatives catalyzed by CSIL@CNTs.
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coworkers developed IL-supported Fe3O4 nanoparticles, and used them for the synthesis of chro-
mene derivatives.39 Salunkhe and coworkers developed multi-cationic IL-based catalysts, which
were subsequently used for the microwave assisted synthesis of chromene derivatives.40 Bronsted
acid sites, according to the procedure given in the literature41 [P4VPy-BuSO3H] Cl-X(AlCl3) was
used as a catalyst for the synthesis of polycyclic chromenes.

Benzimidazolium based ILs, with two carboxyl groups (Figure 1) can facilitate binding with
discrete CNT entities, producing an expected network type structure. These ILs were synthesized
using methodologies published in the literature.42–44

The fabrication of IL-CNTs is presented in Figure 2. As per previously reported procedure, the
carboxyl groups on the surface of CNTs were converted to hydrazides, -CONHNH2, by consecu-
tive treatment with thionyl chloride and hydrazine.45 The modified CNTs were finally attached to
the ILs, affording CSIL@CNTs. Upon attaching the ILs to the CNT via the anionic parts, the
freely hanging cationic part produced positive charges on the surface of the fabricated
CSIL@CNTs, and useful for catalytic activity.

In our initial studies, effect of CSIL@CNTs catalyst with different solvents on the outcome of
the reaction was considered. For this reason, the synthesis of benzyl pyrazolyl coumarin from the
mixture of appropriate amount of phenyl hydrazine (1mmol), EAA (1mmol), benzaldehyde
(1mmol), and 4-hydroxy coumarin (1mmol), as standard model, was considered. The reaction
was performed using CSIL@CNTs (10mol%) with different solvents at reflux condition (Table 1).
It was found that no product is obtained by using 5mol% of CSIL@CNTs at reflux condition
(Table 1, entry 1). When ethanol solvent was used as a result 80% yield is obtained in 25min.
(Table 1, entry 5), the reaction time and the yield of product were unsatisfied on using solvents
acetonitrile, methanol, ethanol, dichloromethane, chloroform3, diethylformamide, and water
(Table 1, entries 2–8). By using the combination of solvent EtOH/H2O in CSIL@CNTs catalyst,
97% yields of the product was obtained in 25min (Table 1, entry 9). Therefore, with the combin-
ation of solvents and CSIL@CNTs catalyst at hand, we have decided to use of CSIL@CNTs het-
erogeneous catalyst for the synthesis of target derivatives.

Figure 1. 1,3-Bis(carboxymethyl)-2,3-dihydro-1H-benzo[d]imidazole-1-ium bromide.

Figure 2. Synthesis of metal-free CSIL@CNTs.
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In order to evaluate the generality of our new conditions, we studied the reaction of
Knoevenagel condensation of phenyl hydrazine, EAA, various substituted benzaldehydes, and 4-
hydroxy coumarin in the presence of CSIL@CNTs (10mol%) catalyst under reflux conditions.
The reactions were clean and rapid. The nature and location of various substituent groups in the
aromatic ring have been shown not to have much effect in the formation of the final product.
The catalyst plays a crucial role in the success of the reaction in terms of the rate and the yields
of 5a-m derivatives. When the reactions were carried out in presence of various solvents and dif-
ferent amount of catalyst under reflux conditions, no satisfied progress of the reaction observed.
But by using combination of EtOH/H2O solvent using CSIL@CNTs catalyst under reflux condi-
tions, remarkable results were recorded. It follows from Table 2 that the yields of all the products
are good to excellent and a variety of functionalities such as nitro, halide, and methoxy can be
accommodated in benzyl pyrazolyl coumarin derivatives. Aromatic aldehydes bearing electron
withdrawing substituents reacted in 25–30min with high yields in the ratio of 85–96% (Table 2,
entries 5d, 5e, 5f, 5g, 5i, 5j, 5k, 5l, and 5m). The aromatic aldehydes bearing electron donating
substituents reacted in the range of 26–40min with 87–97% yields (Table 2, entries 5a, 5b, 5c,
5h, and 5k). The results are summarized in Table 2.

In order to synthesized target 5a-m derivatives, EAA (1) condensed with phenyl hydrazine (2) to
obtained 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (3) on tautomerized to gives 3-methyl-1-
phenyl-1H-pyrazol-5-ol (4). In the presence of CSIL@CNTs catalyst, 4-hydroxy coumarin (5) undergo
Knoevenagel condensation with carbonyl carbon of benzaldehyde (6) leads to formation of
CSIL@CNTs supported intermediate (7) followed by rearrange to (E)-benzylidenechromen-2,4-one (8).

Table 1. Optimization of the catalyst with different solvents at reaction condition.

aReaction conditions: PhNHNH2 (1mmol); EAA (1mmol); ArCHO (1mmol); 4-hydroxy coumarin (1mmol); CSIL@CNTs (10mol%).
bIsolated yield.
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The nucleophile cannot add to it via a 1,4-conjugate manner. But when the CSIL@CNTs is present
in the reaction, it chelates with the carbonyl oxygen and enhance the electrophilicity of carbonyl
carbon and thus facilitates the 1,4-addition via Michael addition with 3-methyl-1-phenyl-1H-pyra-
zol-5-ol (4) to form CSIL@CNTs supported intermediate (9) followed by hydrolysis to formation of
4-((4-hydroxy-2-oxo-2H-chromen-3-yl)(phenyl)-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (10)
on rearrange leads to obtained 4-((4-hydroxy-2-oxo-2H-chromen-3-yl)(phenyl)-5-methyl-2-phenyl-1,2-
dihydro-3H-pyrazol-3-one (11) as a target derivatives (Figure 3).

Table 2. Four component one pot synthesis of benzyl pyrazolyl coumarins catalyzed by CSIL@CNTs.

(continued)
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aPhNHNH2 (1mmol); EAA (1mmol); various substituted benzaldehyde (1mmol); 4-hydroxy coumarin (1mmol); CSIL@CNTs
(10mol%); EtOH/H2O; reflux.
bYields isolated.

Table 2. Continued.
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Experimental

General

Chemicals were obtained from commercial sources and used without further purification. All
known organic products were identified by comparison of their physical and spectral data with
those of authentic samples. Melting points were determined with a digital thermometer and were
uncorrected. 1H NMR spectra were recorded on a Bruker Avance-400 spectrometer. Chemical
shifts (d) were reported in parts per million (ppm) relative to tetramethylsilane (TMS) as an
internal standard and coupling constants (J) in Hz. Spin multiplicities are shown as s (singlet),
brs (broad singlet), d (doublet), dd (doublet of doublet), t (triplet), and m (multiplet).

Preparation of IL@CNTs
A mixture of CNTs (1 g) and an excess of SOCl2 and NH2NH2.2H2O was stirred at room tem-
perature for 3 h. A mixture of IL (1 g) and an excess of SOCl2 and NH2NH2.2H2O in CH2Cl2 was
stirred at room temperature for 4 h. The modified CNTs were added to the above solution, and
the resulting mixture was stirred for 4 h. The precipitate was then filtered.46

General procedure for the synthesis of benzyl pyrazolyl coumarin (5a-m) derivatives
A mixture of appropriate amount of phenyl hydrazine (1mmol), EAA (1mmol), various substi-
tuted benzaldehyde (1mmol), 4-hydroxy coumarin (1mmol), and catalyst CSIL@CNTs (0.5 gm,
10mol%) were reflux at 50 �C for 25–35min, with constant stirring in EtOH/H2O (1:1), the reac-
tion mixture become turbid as the reaction proceed. The progress of the reaction was monitored
by thin layer chromatography (TLC). The crude products are purified by recrystallization using
ethanol to obtained target (5a-m) derivatives.47

Spectral data of selected compounds
4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(phenyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyra-
zol-3one (5a). Yield 97%; white crystalline solid; m. p. 232–234 �C; IR (KBr, �max): 3,062, 2,803,

Figure 3. Plausible mechanisms for the synthesis of benzyl pyrazolyl coumarin.

POLYCYCLIC AROMATIC COMPOUNDS 7



1,764, 1,720, 1,668, 1,450, 1,174, 1,028, 750 cm�1; 1H NMR (CDCl3, 400MHz): dH 17.5 (br s,
1H), 7.73�7.80 (m, 4H), 7.74�7.69 (m, 5H), 7.18–7.35 (m, 5H), 5.71 (s, 1H), 3.94 (s, 1H), 2.21
(s, 3H); 13C NMR (CDCl3, 75MHz): 170, 166, 162, 152, 145, 139, 135, 132, 128, 127, 126, 125,
123, 120, 118, 115, 106, 105, 33, 11; LCMS (m/z): 425 (Mþ 1); Anal. Calcd. for C26H20N2O4; C,
73.57; H, 4.75; N, 6.60; O,15.08%; Found: C, 73.65; H, 4.82; N, 6.67; O,15.14%.

4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(p-tolyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyra-
zol-3-one (5b). Yield 97%; white crystalline solid; m. p. 228–230 �C; IR (KBr, �max): 3,081, 1,649,
1,610, 1,494, 1,184, 1,031, 752 cm�1; 1H NMR (CDCl3, 400MHz): dH 16.5 (br s, 1H), 7.58–7.61
(d, J¼ 7.8Hz, 2H), 7.41–7.31 (m, 4H), 7.19–6.92 (m, 7H), 5.68 (s, 1H), 3.86 (s, 1H), 2.34 (s, 3H),
2.18 (s, 3H); 13C NMR (CDCl3, 75MHz): 165, 164, 163, 152, 147, 136, 135, 131, 129, 128, 126,
124, 123, 120, 118, 115, 107, 106, 77, 40, 39, 33, 20, 10; LCMS (m/z): 439 (Mþ 1); Anal. Calcd. for
C27H22N2O4; C, 73.96; H, 5.06; N, 6.39; O, 14.59%; Found: C, 74.06; H, 5.15; N, 6.47; O, 14.67%.

4-((4-Fluorophenyl)(4-hydroxy-2-oxo-2H-chromen-3yl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-
pyrazol-3-one (5d). Yield 90%; white crystalline solid; m. p. 244–246 �C; IR (KBr, �max): 3,081,
1,656, 1,607, 1,566, 1,499, 1,187, 1,040, 754 cm�1; 1H NMR (CDCl3, 400MHz): dH 12.03 (br s,
1H), 7.79–7.76 (m, 1H), 7.60–7.57 (d, J¼ 8.1Hz, 2H), 7.42–7.31 (m, 3H), 7.19–7.09 (m, 5H),
6.86–6.80 (m, 2H), 5.70 (s, 1H), 3.96 (s, 1H), 2.36 (s, 3H); LCMS (m/z): 443 (Mþ 1); Anal.
Calcd. for C26H19FN2O4; C, 70.58; H 4.33; F, 4.29; N, 6.33; O, 14.46%; Found: C, 70.65; H, 4.46;
F, 4.38; N, 6.46; O, 14.52%.

4-((4-Chlorophenyl)(4-hydroxy-2-oxo-2H-chromen-3-yl)methyl)-5-methyl-2-phenyl-1,2-dihydro-
3H-pyrazol-3-one (5e). Yield 96%; white crystalline solid; m. p. 232–234 �C; IR (KBr, �max): 3,078,
1,655, 1,613, 1,570, 1,490, 1,187, 1,099, 756 cm�1; 1H NMR (CDCl3, 400MHz): dH 17.3 (br s,
1H), 7.91–7.58 (m, 5H), 7.24–7.17 (m, 8H), 5.72 (s, 1H), 3.84 (s, 1H), 2.44 (s, 3H); 13C NMR
(CDCl3, 75MHz): 164, 163, 162, 151, 146, 138, 135, 131, 130, 128, 127, 126, 123, 121, 120, 118,
115, 106, 105, 78, 40, 39, 33, 10; LCMS (m/z): 459 (Mþ 1); Anal. Calcd. for C26H19ClN2O4; C,
68.05; H, 4.15, Cl, 7.37; N, 6.10; O, 13.95%; Found: C, 68.13; H, 4.21, Cl, 7.47; N, 6.18; O, 14.15%.

4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(4-nitrophenyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-
pyrazol-3-one (5g). Yield 95%; pale yellow crystalline solid; m. p. 251–253 �C; IR (KBr, �max):
3,073, 1,649, 1,608, 1,560, 1,525, 1,178, 1,039, 748 cm�1; 1H NMR (CDCl3, 400MHz): dH 17.3 (br
s, 1H), 7.94–8.97 (m, 4H), 7.46–7.78 (m, 9H), 6.12 (s, 1H), 3.92 (s, 1H), 2.65 (s, 3H); 13C NMR
(CDCl3, 75MHz): 166, 165, 151, 147, 142, 138, 132, 131, 128, 127, 124, 123, 121, 115, 103, 77, 59,
39, 38, 35, 20, 13; LCMS (m/z): 470 (Mþ 1); Anal. Calcd. for C26H19N3O6: C, 66.52; H, 4.08; N,
8.95; O, 20.45%; Found: C, 66.62; H, 4.15; N, 9.04; O, 20.85% .

4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(2-nitrophenyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-
pyrazol-3-one (5j). Yield 93%; yellow crystalline solid; m. p. 204–206 �C; IR (KBr, �max): 2,918,
1,764, 1,681, 1,521, 1,458, 1,173, 1,043, 756 cm�1; 1H NMR (CDCl3, 400MHz): dH 17.21 (br s,
1H), 7.89–7.82 (m, 2H), 7.49–7.41 (m, 2H), 7.31–7.24 (m, 2H), 7.20–7.11 (m, 2H), 7.07–7.05 (m,
5H), 5.79 (s, 1H), 3.81 (s, 1H), 2.20 (s, 3H); 13C NMR (CDCl3, 75MHz): 166, 161, 152, 147, 137,
134, 130, 129, 125, 123, 120, 39, 18; LCMS (m/z): 470 (Mþ 1); Anal. Calcd. for C26H19N3O6: C,
66.52; H, 4.08; N, 8.95; O, 20.45%; Found: C, 66.62; H, 4.18; N, 9.05; O, 20.59%.

Conclusions

In conclusion, a facile one pot four component protocol has been demonstrated for the synthesis
of biologically important highly functionalized benzyl pyrazolyl coumarin derivatives, The
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products were purified by recrystallization from ethanol- and chromatography-free separation
methods, where the use of volatile and hazardous solvents are avoided. The advantage of the
CSIL@CNTs has green chemistry principles, such as the utilization of a nontoxic, metal-free, eas-
ier to handling, reusable heterogeneous green/eco-friendly catalyst. For the production of couma-
rin derivatives, CSIL@CNTs are very efficient protocol for the reaction even when used in trace
levels (10mol%) and are recyclable without sacrificing catalytic activity.
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References

1. (a) A. Domling, W. Wang, and K. Wang, “Chemistry and Biology of Multicomponent Reactions,” Chemical
Reviews 112, no. 6 (2012): 3083–135. doi:10.1021/cr100233r, (b) B. Maleki, M. Baghayeri, S. Sheikh, S.
Babaee, and S. Farhadi, “One-Pot Synthesis of Some 2-Amino-4H-Chromene Derivatives Using
Triethanolamine as a Novel Reusable Organocatalyst under Solvent-Free Conditions and Its Application in
Electrosynthesis of Silver Nanoparticles,” Russian Journal of General Chemistry 87, no. 5 (2017): 1064–72.
doi:10.1134/S1070363217050280, (c) B. Maleki, “Solvent-Free Synthesis of 2,4,6-Triarylpyridine Derivatives
Promoted by 1,3-Dibromo-5,5dimethylhydantoin,” Organic Preparations and Procedures International 47, no.
2 (2015): 173–8. doi:10.1080/00304948.2015.1005990, (d) Behrooz Maleki, Hengameh Atharifar, Oliver
Reiser, and Reihaneh Sabbaghzadeh, “Glutathione-Coated Magnetic Nanoparticles for One-Pot Synthesis of
1,4-Dihydropyridine Derivatives,” Polycyclic Aromatic Compounds 41, no. 4 (2021): 721–34. doi:10.1080/
10406638.2019.1614639, (e) B. Maleki, M. Gholizadeh, and Z. Sepehr, “1,3,5-Trichloro-2,4,6-Triazinetrion: A
Versatile Heterocycle for the One-Pot Synthesis of 14-Aryl- or Alkyl-14H-Dibenzo[a,j]Xanthene, 1,8-
Dioxooctahydroxanthene and 12-Aryl-8,9,10,12-Tetrahydrobenzo[a]Xanthene-11-One Derivatives under
Solvent-Free Conditions,” Bulletin of the Korean Chemical Society 32, no. 5 (2011): 1697–702. doi:10.5012/
bkcs.2011.32.5.1697, (f) B. Maleki, S. Barzegar, Z. Sepehr, M. Kermanian, and R. Tayebee, “A Novel
Polymeric Catalyst for the One-Pot Synthesis of Xanthene Derivatives under Solvent Free Conditions,”
Journal of the Iranian Chemical Society 9, no. 5 (2012): 757–65. doi:10.1007/s13738-012-0092-5

2. (a) W. R. Vaughan, “The Chemistry of the Phthalazines,” Chemical Reviews 43, no. 3 (1948): 447–508. doi:
10.1021/cr60136a003, (b) R. A. Clement, “The Oxidation of 2,3-Dihydrophthalazine-1,4-Dione with Lead
Tetraacetate. Phthalazine-1,4-Dione and 1,4-Dihydropyridazino[1,2-b]Phthalazine-6,11-Dione,” Journal of
Organic Chemistry 25, no. 10 (1960): 1724–7. doi:10.1021/jo01080a011

3. (a) F. Al-Assar, K. N. Zelenin, E. E. Lesiovskaya, I. P. Bezhan, and B. A. Chakchir, “Synthesis and
Pharmacological Activity of 1-Hydroxy-, 1-Amino-, and 1-Hydrazino-Substituted 2,3-Dihydro-1H-
Pyrazolo[1,2-a]Pyridazine-5,8-Diones and 2,3-Dihydro-1H-Pyrazolo[1,2-b]Phthalazine-5,10-Diones,”
Pharmaceutical Chemistry Journal 36, no. 11 (2002): 598–603. doi:10.1023/A:1022665331722

4. S. Hesse, and G. Kirsch, “A Rapid Access to Coumarin Derivatives Using Vilsmeier-Haack and Suzuki
Cross-Coupling Reactions,” Tetrahedron Letters 43, no. 7 (2002): 1213–5. doi:10.1016/S0040-4039(01)02373-5

5. B. H. Lee, M. F. Clothier, F. E. Dutton, G. A. Conder, and S. S. Johnson, “Anthelmintic
b-Hydroxyketoamides (BKAs),” Bioorganic & Medicinal Chemistry Letters 8, no. 23 (1998): 3317–20. doi:10.
1016/S0960-894X(98)00588-5

6. J.-C. Jung, Y.-J. Jung, and O.-S. Park, “A Convenient One-Pot Synthesis of 4-Hydroxycoumarin, 4-
Hydroxythiocoumarin and 4-Hydroxyquinoline-2(1H)-One,” Synthetic Communications 31, no. 8 (2001):
1195–200. doi:10.1081/SCC-100104003

7. G. Melagraki, A. Afantitis, O. Igglessi-Markopoulou, A. Detsi, M. Koufaki, C. Kontogiorgis, and D. J.
Hadjipavlou-Litina, “Synthesis and Evaluation of the Antioxidant and anti-Inflammatory Activity of Novel
Coumarin-3-Aminoamides and Their Alpha-Lipoic Acid Adducts,” European Journal of Medicinal Chemistry
44, no. 7 (2009): 3020–6. doi:10.1016/j.ejmech.2008.12.027

8. J.-C. Jung, J.-H. Lee, S. Oh, J.-G. Lee, and O.-S. Park, “Synthesis and Antitumor Activity of
4-Hydroxycoumarin Derivatives,” Bioorganic & Medicinal Chemistry Letters 14, no. 22 (2004): 5527–31. doi:
10.1016/j.bmcl.2004.09.009

9. M. Himly, B. Jahn-Schmid, K. Pittertschatscher, B. Bohle, K. Grubmayr, F. Ferreira, H. Ebner, and C. Ebner,
“IgE-Mediated Immediate-Type Hypersensitivity to the Pyrazolone Drug Propyphenazone,” Journal of
Allergy and Clinical Immunology 111, no. 4 (2003): 882–8. doi:10.1067/mai.2003.163

POLYCYCLIC AROMATIC COMPOUNDS 9

https://doi.org/10.1021/cr100233r
https://doi.org/10.1134/S1070363217050280
https://doi.org/10.1080/00304948.2015.1005990
https://doi.org/10.1080/10406638.2019.1614639
https://doi.org/10.1080/10406638.2019.1614639
https://doi.org/10.5012/bkcs.2011.32.5.1697
https://doi.org/10.5012/bkcs.2011.32.5.1697
https://doi.org/10.1007/s13738-012-0092-5
https://doi.org/10.1021/cr60136a003
https://doi.org/10.1021/jo01080a011
https://doi.org/10.1023/A:1022665331722
https://doi.org/10.1016/S0040-4039(01)02373-5
https://doi.org/10.1016/S0960-894X(98)00588-5
https://doi.org/10.1016/S0960-894X(98)00588-5
https://doi.org/10.1081/SCC-100104003
https://doi.org/10.1016/j.ejmech.2008.12.027
https://doi.org/10.1016/j.bmcl.2004.09.009
https://doi.org/10.1067/mai.2003.163


10. (a) T. Watanabe, S. Yuki, M. Egawa, and H. Nishi, “Protective Effects of MCI-186 on Cerebral Ischemia:
Possible Involvement of Free Radical Scavenging and Antioxidant Actions,” Journal of Pharmacology and
Experimental Therapeutics 268, no. 3 (1994): 1597–604., (b) H. Kawai, H. Nakai, M. Suga, S. Yuki, T.
Watanabe, and K. I. Saito, “Effects of a Novel Free Radical Scavenger, MCl-186, on Ischemic Brain Damage
in the Rat Distal Middle Cerebral Artery Occlusion Model,” Journal of Pharmacology and Experimental
Therapeutics 281 (1997): 921–7.

11. T. W. Wu, L. H. Zeng, J. Wu, and K. P. Fung, “Myocardial Protection of MCI-186 in Rabbit Ischemia-
Reperfusion,” Life Sciences 71, no. 19 (2002): 2249–55. doi:10.1016/S0024-3205(02)01965-3

12. M. A. Al-Haiza, S. A. El-Assiery, and G. H. Sayed, “Synthesis and Potential Antimicrobial Activity of Some
New Compounds Containing the Pyrazol-3-One Moiety,” Acta Pharmaceutica 51 (2001): 251–61.

13. (a) D. Castagnolo, F. Manetti, M. Radi, B. Bechi, M. Pagano, A. De Logu, R. Meleddu, M. Saddi, and M.
Botta, “Synthesis, Biological Evaluation, and SAR Study of Novel Pyrazole Analogues as Inhibitors
of Mycobacterium Tuberculosis: Part 2. Synthesis of Rigid Pyrazolones,” Bioorganic & Medicinal Chemistry
17, no. 15 (2009): 5716–21. doi:10.1016/j.bmc.2009.05.058, (b) Marco Radi, Vincenzo Bernardo, Beatrice
Bechi, Daniele Castagnolo, Mafalda Pagano, and Maurizio Botta, “Highly Stereoselective Synthesis of 6-
Perfluoroalkyl-6-Fluoroalka-2,3,5-(Z)-Trienols through Carbometallation-Elimination of 5-Perfluoroalkyl-
Substituted-4(E)-Alken-2-Ynols with Grignard Reagents,” Tetrahedron Letters 50, no. 47 (2009): 6572–5. doi:
10.1016/j.tetlet.2009.09.047

14. F. Moreau, N. Desroy, J. M. Genevard, V. Vongsouthi, V. Gerusz, G. Le. Fralliec, C. Oliveira, S. Floquet, A.
Denis, S. Escaich, et al, “Discovery of New Gram-Negative Antivirulence Drugs: Structure and Properties of
Novel E. Coli WaaC Inhibitors,” Bioorganic and Medicinal Chemistry Letters 18, no. 14 (2008): 4022–6. doi:
10.1016/j.bmcl.2008.05.117

15. E. A. M. Badawey, and I. M. El-Ashmawey, “Nonsteroidal Antiinflammatory Agents – Part 1:
Antiinflammatory, Analgesic and an Activity of Some New 1-(Pyrimidin-2-yl)-3-Pyrazolin-5-Ones and 2-
(Pyrimidin-2-yl)-1, Hexahydro-3H-Indazol-3-Ones,” European Journal of Medicinal Chemistry 33, no. 5
(1998): 349–61. doi:10.1016/S0223-5234(98)80002-0

16. F. A. Pasha, M. Muddassar, M. M. Neaz, and S. J. Cho, “Pharmacophore and Docking-Based Combined
In-Silico Study of KDR Inhibitors,” Journal of Molecular Graphics and Modelling 28, no. 1 (2009): 54–61.
doi:10.1016/j.jmgm.2009.04.006

17. C. E. Rosiere, and M. I. Grossman, “An Analog of Histamine That Stimulates Gastric Acid Secretion without
Other Actions of Histamine,” Science 113, no. 2945 (1951): 651. doi:10.1126/science.113.2945.651

18. Denis M. Bailey, Philip E. Hansen, Allan G. Hlavac, Eugene R. Baizman, Jack Pearl, Albert F. DeFelice, and
Martin E. Feigenson, “3,4-Diphenyl-1H-Pyrazole-1-Propanamine Antidepressants,” Journal of Medicinal
Chemistry 28, no. 2 (1985): 256–60. doi:10.1021/jm00380a020

19. P. M. S. Chauhan, S. Singh, and R. K. Chatterjee, “Antifilarial Profile of Substituted Pyrazoles: A New Class
of Antifilarial Agents,” Indian Journal of Chemistry – Section B 32 (1993): 858–61.

20. P. Gunasekaran, S. Perumal, P. Yogeeswari, and D. Sriram, “A Facile Four-Component Sequential Protocol
in the Expedient Synthesis of Novel 2-Aryl-5-Methyl-2,3-Dihydro-1H-3-Pyrazolones in Water and Their
Antitubercular Evaluation,” European Journal of Medicinal Chemistry 46, no. 9 (2011): 4530–6. doi:10.1016/j.
ejmech.2011.07.029

21. J. Tharun, Y. Hwang, R. Roshan, S. Ahn, A. C. Kathalikkattil, and D. W. Park, “A Novel Approach of
Utilizing Quaternized Chitosan as a Catalyst for the Eco-Friendly Cycloaddition of Epoxides with CO2,”
Catalysis Science & Technology 2, no. 8 (2012): 1674–80. doi:10.1039/c2cy20137b

22. M. Zeng, X. Zhang, L. Shao, C. Qi, and X. M. Zhang, “Highly Porous Chitosan Microspheres Supported
Palladium Catalyst for Coupling Reactions in Organic and Aqueous Solutions,” Journal of Organometallic
Chemistry 704 (2012): 29–37. doi:10.1016/j.jorganchem.2012.01.003

23. N. V. Kramareva, A. Y. Stakheev, O. P. Tkachenko, K. V. Klementiev, W. Gr€unert, E. D. Finashina, and
L. M. Kustov, “Heterogenized Palladium Chitosan Complexes as Potential Catalysts in Oxidation Reactions:
Study of the Structure,” Journal of Molecular Catalysis A: Chemical 209, no. 1–2 (2004): 97–106. doi:10.1016/
j.molcata.2003.08.004

24. S. Puvaneswary, S. Talebian, H. B. Raghavendran, M. R. Murali, M. Mehrali, A. M. Afifi, N. H. Kasim, and
T. Kamarul, “Fabrication and In Vitro Biological Activity of BTCP Chitosan-Fucoidan Composite for Bone
Tissue Engineering,” Carbohydrate Polymers 134 (2015): 799–807. doi:10.1016/j.carbpol.2015.07.098

25. (a) M. Rinaudo, “Chitin and Chitosan: Properties and Applications,” Progress in Polymer Science 31, no. 7
(2006): 603–32. doi:10.1016/j.progpolymsci.2006.06.001, (b) H. Azizi, A. Khorshidi, and K. Tabatabaeian,
“Ag Nanoparticles Decorated Fe3O4/Chitosan Nanocomposite: Synthesis, Characterization and Application
toward Electrochemical Sensing of Hydrogen Peroxide,” Journal of the Iranian Chemical Society 15 (2018):
1015–22.

26. (a) A. D. Sawant, D. G. Raut, N. B. Darvatkar, and M. M. Salunkhe, “Recent Developments of Task-Specific
Ionic Liquids in Organic Synthesis,” Green Chemistry Letters and Reviews 4, no. 1 (2011): 41–54. doi:10.

10 A. S. KURE ET AL.

https://doi.org/10.1016/S0024-3205(02)01965-3
https://doi.org/10.1016/j.bmc.2009.05.058
https://doi.org/10.1016/j.tetlet.2009.09.047
https://doi.org/10.1016/j.bmcl.2008.05.117
https://doi.org/10.1016/S0223-5234(98)80002-0
https://doi.org/10.1016/j.jmgm.2009.04.006
https://doi.org/10.1126/science.113.2945.651
https://doi.org/10.1021/jm00380a020
https://doi.org/10.1016/j.ejmech.2011.07.029
https://doi.org/10.1016/j.ejmech.2011.07.029
https://doi.org/10.1039/c2cy20137b
https://doi.org/10.1016/j.jorganchem.2012.01.003
https://doi.org/10.1016/j.molcata.2003.08.004
https://doi.org/10.1016/j.molcata.2003.08.004
https://doi.org/10.1016/j.carbpol.2015.07.098
https://doi.org/10.1016/j.progpolymsci.2006.06.001
https://doi.org/10.1080/17518253.2010.500622


1080/17518253.2010.500622, (b) D. Han, and K. H. Row, “Recent Applications of Ionic Liquids in
Separation Technology,” Molecules 15, no. 4 (2010): 2405–26. doi:10.3390/molecules15042405, (c) H.
Alinezhad, M. Tajbakhsh, B. Maleki, and F. P. Oushibi, “Acidic Ionic Liquid [H-NP]HSO4 Promoted One-
Pot Synthesis of Dihydro-1H-Indeno[1,2-b]Pyridines and Polysubstituted Imidazoles,” Polycyclic Aromatic
Compounds 40, no. 5 (2020): 1485–500. doi:10.1080/10406638.2018.1557707, (d) A. Moghaddam, H. A.
Zamani, and H. Karimi-Maleh, “A New Sensing Strategy for Determination of Tamoxifen Using Fe3O4/
Graphene-Ionic Liquid Nanocomposite Amplified Paste Electrode,” Chemical Methodologies 5 (2021): 373–
80., (e) A. Jamshidi, F. M. Zonoz, and B. Maleki, “Synthesis and Characterization of a New Nano Ionic
Liquid Based on Dawson-Type Polyoxometalate and Its Application in the Synthesis of Symmetrical N,N0-
Alkylidene Bisamides,” Polycyclic Aromatic Compounds 40, no. 3 (2020): 875–88. doi:10.1080/10406638.2018.
1504094

27. M. Antonietti, D. Kuang, B. Smarsly, and Y. Zhou, “Ionic Liquids for the Convenient Synthesis of
Functional Nanoparticles and Other Inorganic Nanostructures,” Angewandte Chemie 43, no. 38 (2004):
4988–92. doi:10.1002/anie.200460091

28. (a) D. Zhao, M. Wu, Y. Kou, and E. Min, “Ionic Liquids: Applications in Catalysis,” Catalysis Today 74, no.
1–2 (2002): 157–89. doi:10.1016/S0920-5861(01)00541-7, (b) T. Welton, “Room-Temperature Ionic Liquids.
Solvents for Synthesis and Catalysis,” Chemical Reviews 99, no. 8 (1999): 2071–84. doi:10.1021/cr980032t

29. M. C. Buzzeo, R. G. Evans, and R. G. Compton, “Non-Haloaluminate Room-Temperature Ionic Liquids in
Electrochemistry – A Review,” Chemphyschem 5, no. 8 (2004): 1106–20. doi:10.1002/cphc.200301017

30. (a) A. G. Fadeev, and M. M. Meagher, “Opportunities for Ionic Liquids in Recovery of Biofuels,” Chemical
Communications 3 (2001): 295–6., (b) G. W. Meindersma, A. J. G. Podt, and A. B. De Haan, “Ternary
Liquid–Liquid Equilibria for Mixtures of Tolueneþn-Heptaneþ an Ionic Liquid,” Fluid Phase Equilibria 247,
no. 1–2 (2006): 158–68. doi:10.1016/j.fluid.2006.07.002

31. M. A. Zolfigol, A. Khazaei, A. R. Moosavi-Zare, A. Zare, Z. Asgari, V. Khakyzadeh, and A. Hasaninejad,
“Design of Ionic Liquid 1,3-Disulfonic Acid Imidazolium Hydrogen Sulfate as a Dual-Catalyst for the One-
Pot Multi-Component Synthesis of 1,2,4,5-Tetrasubstituted Imidazoles,” Journal of Industrial and
Engineering Chemistry 19, no. 3 (2013): 721–6. doi:10.1016/j.jiec.2012.10.014

32. A. C. Cole, J. L. Jensen, I. Ntai, K. L. T. Tran, K. J. Weaver, D. C. Forbes, and J. H. Davis, “Novel Brønsted
Acidic Ionic Liquids and Their Use as Dual Solvent-Catalysts,” Journal of the American Chemical Society
124, no. 21 (2002): 5962–3. doi:10.1021/ja026290w

33. M. H. Valkenberg, C. deCastro, and W. F. H€olderich, “Immobilisation of Ionic Liquids on Solid Supports,”
Green Chemistry 4, no. 2 (2002): 88–93. doi:10.1039/b107946h

34. Q. Zhao, M. B. Nardelli, and J. Bernholc, “Ultimate Strength of Carbon Nanotubes: A Theoretical Study,”
Physical Review B 65, no. 14 (2002): 144105–10. doi:10.1103/PhysRevB.65.144105

35. R. E. Smalley, M. S. Dresselhaus, G. Dresselhaus, and P. Avouris, “Carbon Nanotubes Synthesis, Structure,
Properties, and Applications,” Springer Science & Business Media 80 (2003): 27–30. (d) F. Adibian, A. R.
Pourali, B. Maleki, M. Baghayeri, and A. Amiri, “One-Pot Synthesis of Dihydro-1H-Indeno[1,2-b] Pyridines
and Tetrahydrobenzo[b] Pyran Derivatives Using a New and Efficient Nanocomposite Catalyst Based on N-
Butylsulfonate-Functionalized MMWCNTs-D-NH2,” Polyhedron 175 (2020) : 114179. doi:10.1016/j.poly.2019.
114179

36. V. Selvaraj, M. Alagar, and K. S. Kumar, “Synthesis and Characterization of Metal Nanoparticles-Decorated
PPY-CNT Composite and Their Electrocatalytic Oxidation of Formic Acid and Formaldehyde for Fuel
Cell Applications,” Applied Catalysis B: Environmental 75, no. 1–2 (2007): 129–38. doi:10.1016/j.apcatb.2007.
03.012

37. N. I. Andersen, A. Serov, and P. Atanassov, “Metal Oxides/CNT Nano-Composite Catalysts for Oxygen
Reduction/Oxygen Evolution in Alkaline Media,” Applied Catalysis B: Environmental 163 (2015): 623–7. doi:
10.1016/j.apcatb.2014.08.033

38. Z. Zhou, C. He, J. Xiu, L. Yang, and C. Duan, “Metal-Organic Polymers Containing Discrete Single-Walled
Nanotube as a Heterogeneous Catalyst for the Cycloaddition of Carbon Dioxide to Epoxides,” Journal of the
American Chemical Society 137, no. 48 (2015): 15066–9. doi:10.1021/jacs.5b07925

39. J. Safaei-Ghomi, F. Eshteghal, and H. Shahbazi-Alavi, “Novel Ionic Liquid Supported on Fe3O4 Nanoparticles
as an Efficient Catalyst for the Synthesis of New Chromenes,” Applied Organometallic Chemistry 32, no. 1
(2018): e3987. doi:10.1002/aoc.3987

40. A. Kumbhar, S. Jadhav, R. Shejwal, G. Rashinkar, and R. Salunkhe, “Application of Novel Multi-Cationic
Ionic Liquids in Microwave Assisted 2-Amino-4H-Chromene Synthesis,” RSC Advances 6, no. 23 (2016):
19612–9. doi:10.1039/C6RA01062H

41. Temitope O. Olomola, Rosalyn Klein, Nicodemus Mautsa, Yasien Sayed, and Perry T. Kaye, “Synthesis and
Evaluation of Coumarin Derivatives as Potential Dual-Action HIV-1 Protease and Reverse Transcriptase
Inhibitors,” Bioorganic & Medicinal Chemistry 21, no. 7 (2013): 1964–71. doi:10.1016/j.bmc.2013.01.025

POLYCYCLIC AROMATIC COMPOUNDS 11

https://doi.org/10.1080/17518253.2010.500622
https://doi.org/10.3390/molecules15042405
https://doi.org/10.1080/10406638.2018.1557707
https://doi.org/10.1080/10406638.2018.1504094
https://doi.org/10.1080/10406638.2018.1504094
https://doi.org/10.1002/anie.200460091
https://doi.org/10.1016/S0920-5861(01)00541-7
https://doi.org/10.1021/cr980032t
https://doi.org/10.1002/cphc.200301017
https://doi.org/10.1016/j.fluid.2006.07.002
https://doi.org/10.1016/j.jiec.2012.10.014
https://doi.org/10.1021/ja026290w
https://doi.org/10.1039/b107946h
https://doi.org/10.1103/PhysRevB.65.144105
https://doi.org/10.1016/j.poly.2019.114179
https://doi.org/10.1016/j.poly.2019.114179
https://doi.org/10.1016/j.apcatb.2007.03.012
https://doi.org/10.1016/j.apcatb.2007.03.012
https://doi.org/10.1016/j.apcatb.2014.08.033
https://doi.org/10.1021/jacs.5b07925
https://doi.org/10.1002/aoc.3987
https://doi.org/10.1039/C6RA01062H
https://doi.org/10.1016/j.bmc.2013.01.025


42. S. Anvar, I. Mohammadpoor-Baltork, S. Tangestaninejad, M. Moghadam, V. Mirkhani, A. R. Khosropour,
A. Landarani. Isfahani, and R. Kia, “New Pyridinium-Based Ionic Liquid as an Excellent Solvent–Catalyst
System for the One-Pot Three-Component Synthesis of 2,3-Disubstituted Quinolines,” ACS Combinatorial
Science 16, no. 3 (2014): 93–100. doi:10.1021/co400144b

43. N. Isambert, M. D. M. S. Duque, J.-C. Plaquevent, Y. Genisson, J. Rodriguez, and T. Constantieux,
“Multicomponent Reactions and Ionic Liquids: A Perfect Synergy for Eco-Compatible Heterocyclic
Synthesis,” Chemical Society Reviews 40, no. 3 (2011): 1347–57. doi:10.1039/c0cs00013b

44. H. Singh, J. Sindhu, J. M. Khurana, C. Sharma, and K. Aneja, “Ultrasound Promoted One Pot Synthesis of
Novel Fluorescent Triazolyl Spirocyclic Oxindoles Using DBU Based Task Specific Ionic Liquids and Their
Antimicrobial Activity,” European Journal of Medicinal Chemistry 77 (2014): 145–54. doi:10.1016/j.ejmech.
2014.03.016

45. B. K. Billing, P. Dhar, N. Singh, and P. K. Agnihotri, “Augmenting Static and Dynamic Mechanical Strength
of Carbon Nanotube/Epoxy Soft Nanocomposites via Modulation of Purification and Functionalization
Routes,” Soft Matter 14, no. 2 (2018): 291–300. doi:10.1039/c7sm01768e

46. Beant Kaur Billing, Prabhat K. Agnihotri, Navneet Kaur, Narinder Singh, and Doo Ok Jang, “Ionic Liquid-
Coated Carbon Nanotubes as Efficient Metal Free Catalysts for the Synthesis of Chromene Derivatives,” ACS
Sustainable Chemistry & Engineering 6, no. 3 (2018): 3714–22. doi:10.1021/acssuschemeng.7b04048

47. S. Yaragorla, A. Pareek, and R. Dada, “Ca(II)-Catalyzed, One-Pot Four Component Synthesis of Functionally
Embellished Benzylpyrazolyl Coumarins in Water,” Tetrahedron Letters 56, no. 33 (2015): 4770–4. doi:10.
1016/j.tetlet.2015.06.049

12 A. S. KURE ET AL.

https://doi.org/10.1021/co400144b
https://doi.org/10.1039/c0cs00013b
https://doi.org/10.1016/j.ejmech.2014.03.016
https://doi.org/10.1016/j.ejmech.2014.03.016
https://doi.org/10.1039/c7sm01768e
https://doi.org/10.1021/acssuschemeng.7b04048
https://doi.org/10.1016/j.tetlet.2015.06.049
https://doi.org/10.1016/j.tetlet.2015.06.049

	Abstract
	Introduction
	Result and discussion
	Experimental
	General
	Preparation of IL@CNTs
	General procedure for the synthesis of benzyl pyrazolyl coumarin (5a-m) derivatives
	Spectral data of selected compounds
	4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(phenyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyrazol-3one (5a)
	4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(p-tolyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one (5b)
	4-((4-Fluorophenyl)(4-hydroxy-2-oxo-2H-chromen-3yl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one (5d)
	4-((4-Chlorophenyl)(4-hydroxy-2-oxo-2H-chromen-3-yl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one (5e)
	4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(4-nitrophenyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one (5g)
	4-((4-Hydroxy-2-oxo-2H-chromen-3-yl)(2-nitrophenyl)methyl)-5-methyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one (5j)



	Conclusions
	Disclosure statement
	References


