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cal reactions of metabolisms. Therefore, heterocyclic compounds show good physiological and pharmacological
properties. Coumarin and pyrazole scaffolds are present in many commercial drug molecules and natural prod-
ucts. This review overviews the progress made in the synthesis and functionalization of the coumarin-pyrazole
hybrid heterocycle. It also includes discussion on the possible reactive sites of heterocycles, functionalization,
and mechanistic pathways to incorporate pyrazole pharmacophore unit in synthesis. Several synthesis and biolog-
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1. INTRODUCTION

Heterocycles are the main structural motif of life as they are
widely distributed in nature and play a crucial role in various chem-
ical reactions of metabolisms [1]. Heterocycles are the backbone of
all living organisms as they are the main constituents of DNA and
RNA. Therefore, heterocyclic compounds show good physiological
and pharmacological properties. Nitrogen and oxygen-containing
heterocycles are the core structures of numerous biologically active
compounds and exhibit wide applications in chemistry, biology,
and material sciences [2]. Particularly, coumarin and its derivatives
are present in many pharmaceutically important molecules and
natural products. Coumarins are chemically known as 2H-1-
benzopyran-2-ones and were first isolated in 1820 as an oxygenated
fused bicyclic heterocycle by Vogel [3, 4]. Coumarin moiety is
present in a number of natural products, such as Alternariol (3,7,9-
trihydroxy-1-methyl-6H benzo[c]chromen-6-one), a toxic metabo-
lite of Alternaria fungi, Umbelliferone (7-hydroxy coumarin) which
is found in Apiaceae [5], Osthole (7-methoxy-8-(3-methylbut-2-en-
1-yl) coumarin) which is found in Cnidium monnieri [6-8], and
Scoparone (6,7-dimethoxy coumarin) which is found in Artemisia
scoparia [9]. Coumarins are also an important component in cereals
and fruits exhibiting antifungal and phytotoxic activity. In addition,
coumarin derivatives have shown prominent biological activities
such as antioxidant [10, 11], antimicrobial [12-16], anti-HIV [17-
21], antibiotic [22, 23], muscle relaxant [5], anti-inflammatory [24,
25], antidepressant [26], antinociceptive [27], antitumor [28], anti-
viral [29, 30] anti-influenza [31], anti-Alzheimer [32, 33], anti-
asthmatic [34], antihyperlipidemic [35], antipyretic [36], anti-
coagulant [37, 38], antitubercular [39-48], and anticancer [49-52]
activity. Further, they are widely used as perfumes, additives in
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food, laser dyes, optical brightening agents, and cosmetics [53, 54].
Therefore, coumarin scaffolds have attracted a great deal of atten-
tion from organic chemists because of their synthetic utility as
building blocks for the synthesis of biologically potent molecules.

2. COUMARIN-PYRAZOLE BASED BIOLOGICALLY AC-
TIVE MOLECULES

Moreover, coumarin incorporated with other heterocycles also
has shown prominent diversified activities such as anti-
inflammatory (I) [55], cytotoxic-activity (II-V) [56-59], anti-
coagulant (VI) [60], vasorelaxing-activity (VII) [61], and as inhibi-
tors of amyloid-f-aggregation (VIII) [62] activity as shown in Fig.
(1).

Pyrazoles are well-known examples of aromatic heterocycles
containing two nitrogen atoms in their five-membered rings [63].
They constitute an important heterocyclic family covering a broad
range of synthetic as well as natural products that display innumer-
able chemical, biological, agrochemical, and pharmacological prop-
erties [64, 65]. Therefore, pyrazole is one of the key motifs and
occupies prime importance in medicinal chemistry due to its wide
range of pharmacological activities such as anti-fungal [66], anti-
HIV [67, 68], anti-inflammatory [69], anti-proliferative [70], anti-
microbial [71], anticancer [72], anticonvulsant [73], and anti-TB
[74-79] activities.

Pyrazoles having a functional group like aldehyde or carbox-
ylate at C-4 position have shown promising antimicrobial proper-
ties. Therefore, several blockbuster drugs have been developed
from the substituted pyrazole (Fig. 1) [73]. Pyrazole-containing
molecule, celecoxib (IX), demonstrates anti-inflammatory effects
and inhibits COX-2. Rimonabant (X) functions as a cannabinoid
receptor and is used to treat obesity, fomepizole (XI) inhibits alco-
hol dehydrogenase, and sildenafil (XII) inhibits phosphodiesterase
[80]. In addition, pyrazole derivatives have shown important appli-
cations in material chemistry [81] as brightening agents [82] having

© 2021 Bentham Science Publishers
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Fig. (1). Biologically important coumarin and pyrazole based heterocycles.

electroluminescence [83] and solvatochromic [84] properties.
Moreover, they act as organic light-emitting diodes [85], liquid
crystals [86], and semiconductors [87]. Heterocycles having pyra-
zole rings are also of considerable interest because of their synthetic
utility as synthetic reagents in multicomponent reactions [88],
guanylating agents [89], and chiral auxillaries [90]. It has also been
found that various substituted pyrazoles are used as chelation and
extraction reagents for many metal ions [91].

Pyrazoles incorporated with coumarin were synthesized, which
showed a significant change in pharmacological properties. Fur-
thermore, several synthesis and biological studies revealed that
coumarin-pyrazole moiety is a prominent structural motif for find-
ing lead compounds in drug discovery. Coumarin-pyrazole deriva-
tives have shown prominent biological activities such as antioxidant
(XII-XV) [99, 100, 106, 109, 110, 119], anticancer (XVI and
XVII) [113, 123, 128, 134], antimicrobial (XVIII-XXI) [99, 100,
104, 111, 112, 119, 121, 124, 126, 128, 131], anti-tubercular
(XXII) [112], a-Glucosidase inhibitor (XXIII and XXIV) [130],
antibacterial [99, 100, 119, 121, 126, 131], antiproliferative [122,
134], PDE inhibitor [132], and antihyperglycemic agents [106] (Fig.
2).

1
Anti-inflammatory

To the best of our knowledge, in light of the significance of
coumarin-pyrazoles derivatives, to date, a concise review is not
reported covering synthesis and functionalization of coumarin-
pyrazole building blocks for the generation of libraries of biologi-
cally active compounds. In continuation of our research interest in
pharmacologically important heterocycles [92], this concise review
focuses on the synthesis and functionalization of diverse coumarin-
pyrazole derivatives.

3. MOLECULAR STRUCTURE AND PROPERTIES

Coumarin-pyrazole scaffold constitutes two heterocycles, viz.
coumarin and pyrazole. Coumarin-pyrazole chemistry mainly con-
stitutes the substituted 3-(1-phenyl or 1H-1H-pyrazol-3-yl)-2H-
chromen-2-one moiety. With respect to substitution of N-atom of
pyrazole ring in the coumarin-pyrazole scaffold, two prominent
derivatives 1 and 2 were reported in numerous protocols as shown
in Fig. (3).

The corresponding spectral information, IR (KBr), 'H NMR
(400 MHz, DMSO-d¢/TMS), and *C NMR (100 MHz, DMSO-

d¢/TMS) of coumarin-pyrazole derivatives 1 and 2 is shown in Ta-
ble 1.
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Fig. (3). Structure of Coumarin-pyrazole derivatives 1 and 2.

4. SYNTHETIC STRATEGIES
PYRAZOLE DERIVATIVES

Chodankar and co-workers put forward a synthetic route for a
series of 3-(1-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-one (i.e.
coumarin-pyrazole 1) [96]. In this protocol, intermediate coumarin
carboxylic acid 5 was prepared from salicyaldehyde 3, succinic
anhydride 4, sodium succinate, and catalytic conc. HCI. The second
intermediate (E)-3-hydroxy-2-(2-oxo-2H-chromen-3-yl) acrylalde-
hyde 6 was obtained by Vilsmeier-Haack formylation of intermedi-
ate 5. The desired coumarin-pyrazole product 1 was afforded in
excellent (90-94%) yield by refluxing intermediate (£)-3-hydroxy-
2-(2-ox0-2H-chromen-3-yl) acrylaldehyde 6 with phenyl hydrazine
in ethanol under catalytic acetic acid (Scheme 1).

FOR COUMARIN-

Trkovnik and co-workers reported the preparation of coumarin-
pyrazole compound [93-95]. Furthermore, Chodankar ef al. demon-

xvm
Antimicrobesl

xXix
Artimicrobia

X
Arfimeeratal

strated an alternative novel efficient route for the synthesis of 4-
formyl coumarin-pyrazole 11 in excellent yields (95-97%) as
shown in Scheme 2 [97]. In this report, the synthesis was achieved
in three steps. The intermediate 3-acetyl coumarin (3-acetyl-2H-
chromen-2-one) 9 was prepared by Knovengeal condensation of
salicyaldehyde 7 with ethyl acetoacetate 8 in ethanol and a catalytic
amount of piperidine. The respective hydrazone derivatives 10 were
obtained from 3-acetyl coumarin 9 by refluxing with various hydra-
zine in ethanol and adding catalytic acetic acid. Finally, these hy-
drazone derivatives 10 on Vilsmeier-Haack formylation furnish the
intermediate 4- formyl coumarin-pyrazole 11.

By employing a similar synthetic strategy, Srikrishna et al. in
2017 (Schemes 25 and 26) [107], Zaki et al. in 2012 (Scheme 39)
[119], and Jain ef al. in 2017 (Scheme 34) [128] synthesized 4-
formyl coumarin-pyrazole 11 in good to excellent yield.

Catalytically, Srikrishna et al. developed a green protocol for
the synthesis of 4-formyl coumarin-pyrazole scaffold 11 (Scheme
3) [98]. In this protocol, L-Proline was used as a green catalyst for
Knovengeal condensation of salicyaldehyde 7 with ethyl acetoace-
tate 8 to afford the 3-acetyl coumarin compound 9. Further, synthe-
sis of desired product 11 (4-formyl coumarin-pyrazole) was
achieved from 3-acetyl coumarin 9 in a stepwise manner in the
same way as described in Scheme 2. Interestingly, intermediate



4  Current Organic Synthesis, 2021, Vol. 18, No. 0 Jadhav et al.
Table 1. Spectral (IR, 'H, and 3C NMR) information of coumarin-pyrazole derivatives 1 and 2.
0._0 0._0
N~-N N-N
1 i 2 H
3-(1-phenyl-1H-pyrazol-3-yl)-2 H-chromen-2-one 3-(1H-pyrazol-3-yl)-2H-chromen-2-one
IR (KBr) = 1736 cm™ (strong, sharp, -CO of coumarin ring) IR (KBr) = 1736 em” (.stro.ng, sharp, -CO of
coumarin ring)
'H-NMR “C-NMR '"H-NMR “C-NMR
3 (ppm) Multiplicity 3 (ppm) 3 (ppm) Multiplicity d (ppm)

6.76 d IH 114.8 6.3 d 1H 104.8
7.28-7.72 m 9H 119.3 7.02-7.27 m 4H 131.8
7.86 d IH 119.9 10.7 d 1H 142.4
8.20 s IH 120.1 7.6 dd 1H 1294
- - - 123.4 7.72 s 1H 146.1
- - - 124.8 - - - 1223
- - - 127.8 - - - 126.8
- - - 129.7 - - - 125.5
- - - 132.6 - - - 1284
- - - 138.5 - - - 121.5
- - - 142.8 - - - 150.2
- - - 1433 - - - 162.0

- - - 146.4 - - - -

- - - 147.3 - - - -

- - - 159.0 - - - -

9 0
H + 5 _Sodium succinate % DMF/ POCl; ©/\if
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Scheme 1. Synthesis of coumarin-pyrazole using salicyaldehyde, succinic anhydride, and sodium succinate.
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Scheme 5. Synthesis of coumarin appended bis (formyl pyrazoles).

hydrazone compound 10 and product 11 were obtained by stirring
at room temperature with the same reagents which were used in
Scheme 2.

In 2013, Nagamallu et al. applied a similar strategy to synthe-
size new coumarin-pyrazole containing compound 3-(7-hydroxy-4-
methyl-2-oxo0-2H-chromen-8-yl)-1-aryl-1H-pyrazole-4-carbalde-
hyde 15(a-e) derivatives [99]. The starting material 8-acetyl-7-
hydroxy-4-methyl-2H-chromen-2-one 12 was converted to their
corresponding hydrazones 14 by refluxing it with different phenyl
hydrazine 13 in ethanol and under catalytic acetic acid. The targeted
product derivatives 15(a-e) were obtained in moderate to good yield
(62-78%) by Vilsmeier-Haack formylation of intermediate (Z)-7-
hydroxy-4-methyl-8-(1-(2-aryl hydrazono) ethyl)-2H-chromen-2-
one 14 with DMF/POCI; as shown in Scheme 4. The newly synthe-
sized 15(a-e) derivatives have shown good biological activity.

In continuation, Nagamallu et al. used a similar route for the
synthesis of new biologically potent product 3,3'-(7-hydroxy-4-
methyl-2-oxo0-2H-chromene-5,8-diyl)bis(1-aryl/ alkyl-1H-pyrazole-
4-carbaldehyde) 21(a-h) in their second multistep synthetic report
(Scheme 5) [100]. Initially, coumarin substituted phenol 16 on ac-
ylation afforded the coumaryl ester compound 17 which on Fries
rearrangement gave the second intermediate 1,1'-(7-hydroxy-4-
methyl-2-oxo0-2H-chromene-6,8-diyl)bis(ethan-1-one)  compound
18. Further, treatment of different aryl/ alkyl hydrazines 19 and
intermediate compound 18 at refluxing conditions produced the
respective hydrazone derivatives 20. Subsequently, Vilsmeier-
Haack formylation on hydrazone intermediate 20 leads to the for-
mation of desired coumarin affixed bis (formyl pyrazoles) 21(a-h)
derivatives as shown in Scheme 5.

Novel synthetic approach to synthesize 5-amino-3-(2-oxo0-2H-
chromen-3-yl)-1-H or phenyl-1H-pyrazole-4-carbaldehyde
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Scheme 8. Synthesis of coumarin-pyrazole using 3-((£)-3-(dimethyl amino) acryloyl)-2H- chromen-2-one.

derivative 24 was reported by Soliman and a co-worker (Scheme 6)
[101]. The protocol describes the synthesis and applications of ethyl
3-amino-4,4-dicyanobut-3-enoate compound 22, which was used as
a starting material to synthesize the desired product 24. Salicyalde-
hyde 3 and ethyl 3-amino-4,4-dicyanobut-3-enoate compound 22
when refluxed in ethanol afforded the intermediate 2-(amino(2-oxo-
2H-chromen-3-yl) methylene) malononitrile 23. Further, refluxing
the intermediate 23 with substituted hydrazine furnished the desired
product 24 in moderate to good yield (Scheme 6).

Latif and co-workers reported the synthesis of new coumarin-
pyrazole derivatives as shown in Scheme 7 [102]. Initially, inter-
mediate 2-Oxo0-2H-coumarin-3-carbohydrazide 26 was synthesized
by refluxing the hydrazine hydrate with ethyl 2-oxo-2H-chromene-
3-carboxylate 25 using piperidine as a catalyst. Reaction of inter-
mediate 26 with malanonitrile 27, ethyl 2-cyanoacetate 29 and with
diethyl malonate 31 afforded the 5-amino-3-(2-oxo-2H-chromen-3-
yl)-1H-pyrazole-4-carbonitrile 28, ethyl S5-amino-3-(2-oxo-2H-
chromen-3-yl)-1H-pyrazole-4-carboxylate 30 and ethyl 5-hydroxy-
3-(2-0x0-2H-chromen-3-yl)-1H-pyrazole-4-carboxylate 32 respec-
tively.

Aziz El-Taweel et al. demonstrated the new methodology to
synthesize coumarin-pyrazole scaffold 1 and 2 in 60-65 % yield
[103]. Initially, the intermediate (£)-3-(3-(dimethyl amino) acrylo-
yl)-2H-chromen-2-one 33 was obtained by condensation of 3-acetyl
coumarin derivative 9 with DMF/ DMA. Further, refluxing enami-
none intermediate 33 with different hydrazine led to the formation
of 3-(1-phenyl or 1H-1H-pyrazol-3-yl)-2H-chromen-2-one (1 and
2) in good to excellent yield (Scheme 8).

In continuation of these developed protocols, Hamdi et al. re-
ported the synthesis of 4-hydroxy-3-(1-phenyl or H-1H-pyrazol-3-
yl)-2H-chromen-2-one 36 derivatives by employing a similar strat-
egy using 4-hydroxy coumarin 34 as shown in Scheme 9. Acylation
of 4-hydroxy coumarin 34 using AcOH/ POC]l; afforded the corre-
sponding 3-acetyl-4-hydroxy or H-2H-chromen-2-one 9 derivative,
which subsequently on condensation with DMF-DMA, furnished
(E)-3-(3-(dimethyl amino) acryloyl)-4-hydroxy or H-2H-chromen-
2-one 35 derivatives. Further, the reaction of intermediate 35 with
various substituted hydrazine led to the formation of desired prod-
ucts 36 in good to excellent yield (Scheme 9) [104].

Microwave-assisted green and efficient synthetic protocols for
the synthesis of coumarin-pyrazole (1-2) scaffolds were put forward
by Khadijah and his co-workers, as shown in Scheme 10 [105]. In
the present protocol, under microwave irradiation, condensation of
3-acetyl coumarin 9 with DMF/DMA furnished the corresponding
product (E)-3-(3-(dimethyl amino) acryloyl)-2H-chromen-2-one 33
in good to excellent yield. The desired products (1-2) were obtained
in 60-65% yield when the intermediate 33 compound was irradiated
in microwave for 5 minutes as mentioned in Scheme 10.

Microwave-assisted synthetic route was similarly applied by
Gomha et al. to obtain coumarin-pyrazole (1-2) scaffolds as shown
in Scheme 29 [106]. Condensation of 3-acetyl coumarin 9 deriva-
tives with DMF-DMA followed by cyclization with (E)-3-(3-
(dimethyl amino) acryloyl)-2H-chromen-2-one 33 using with vari-
ous hydrazine furnished the desired products [106].
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Scheme 11. Synthesis of coumarin-pyrazole using different condensation approach.
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Srikrishna and co-workers demonstrated three different synthet-
ic routes for the synthesis of 4-formyl coumarin-pyrazole [3-(2-
oxo-2H-chromen-3-yl)-1- phenyl-1H-pyrazole-4-carbaldehyde] 11
using starting 3-acetyl coumarin derivative 9 as shown in Scheme
11 [107]. Among the developed methods, the synthesis of desired
molecules was achieved efficiently in terms of overall yield and

“NH

e

purity of the final product via a synthetic route from the reaction of
9-10-11.

The detailed mechanism of conversion of intermediate hydra-
zone A to coumarin-pyrazole E in a stepwise manner is shown in
the following Scheme 12.
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Scheme 15. One pot, three-component synthesis of thiazolyl-pyrazole-biscoumarin derivative.

El-Deen et al. reported novel route for the synthesis of 3-(1-
phenyl or H-1H-pyrazol-3-yl)-7,8-dihydro-2H-cyclobuta[ /1]
chromen-2-one 39 using (Z)-3-chloro-3-(2-oxo0-7,8-dihydro-2H-
cyclobuta[/#]chromen-3-yl) acrylaldehyde 38 derivative coumarin
analogues (Scheme 13). Initially, 3-acetyl-7,8-dihydro-2H-
cyclobuta[/#]chromen-2-one compound 37 was treated with DMF/
POCI; to afford the intermediate 38, which on refluxing with vari-
ous hydrazine derivatives results in the formation of desired product
39 with moderate to good yield (68-70%) [108].

Green microwave-assisted synthetic route for the condensation
of 3-acetyl coumarin 9 with different aryl/ aliphatic aldehyde (40 or
43) to corresponding coumarin-chalcones (41 or 44) was demon-
strated by Jayashree et al. [109]. In this protocol, intermediate cou-
marin-chalcone 3-((2E,4E)-5-arylpenta-2,4-dienoyl)-2H-chromen-
2-one 41 was treated with phenyl hydrazine using catalytic amount
of piperidine base to afford the desired product (E)-3-(1-aryl-5-
styryl-1H-pyrazol-3-yl)-2H-chromen-2-one 42. Similarly, another
coumarin-chalcone 3-cinnamoyl-2H-chromen-2-one 44 furnished
the product 3-(1,5-diphenyl-1H-pyrazol-3-yl)-2H-chromen-2-one
45 using similar condition as shown in Scheme 14.

Mahmoodi and co-workers developed an efficient one-pot
three-component method for the synthesis of 3-(2-oxo-2H-

chromen-3-yl)-1-(4-(2-oxo0-2H-chromen-3-yl) thiazol-2-yl)-5-aryl-
1H-pyrazol-1-ium 48 [110]. Synthetic protocol demonstrated the
one-pot reaction between coumarin-chalcone [3-cinnamoyl-2H-
chromen-2-one] 44, thiosemicarbazide 46 and coumarin-phenacyl
bromide 47 under reflux conditions in ethanol and a catalytic
amount of conc. HCI to furnish the desired product 48 with 70%
yield (Scheme 15).

Argade et al. developed a new synthetic route to synthesize bio-
logically active, novel 3-(1-isonicotinoyl-3-phenyl-1H-pyrazol-4-
yl)-2H-chromen-2-one compound 51(a-k) derivatives with good to
excellent (53-92%) yields [111]. The intermediate coumarin-
chalcone 44 was obtained by the condensation reaction between 3-
acetyl coumarin 9 and different aryl-aldehyde 43 under reflux con-
dition and catalytic piperidine base. Next, synthesis of second in-
termediate  dibromo compound  3-(2,3-dibromo-3-phenylpro-
panoyl)-2H-chromen-2-one 49 was achieved by reacting intermedi-
ate 44 with Br,/CHCI; at room temperature condition. Further, the
desired products 51(a-k) were obtained by refluxing isonicotinic
acid hydrazide 50 with intermediate dibromo derivative 49 using a
catalytic amount of trimethylamine base as shown in Scheme 16.

In continuation, Argade et al. reported the synthesis of 3-(1,3-
diphenyl-1H-pyrazol-4-yl)-2H-chromen-2-one 53 (a-k) derivatives
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Scheme 18. Synthesis of coumarin-pyrazole functionalized scaffold using diethyl but-2-ynedioate intermediate.

by employing a similar synthetic strategy. In this protocol, the syn-
thesis of second dibromo intermediate 3-(2,3-dibromo-3-
phenylpropanoyl)-2H-chromen-2-one 49 derivatives from 3-acetyl
coumarin 9 compound was obtained as shown in Scheme 16. Final-
ly, the reaction of dibromo derivatives 49 with phenyl hydrazine led
to the formation of new desired coumarin-pyrazole derivatives 53
(a-k) in 60-95 % yield as shown in Scheme 17 [112].

Considering the importance of coumarin-pyrazole scaffold,
Kumar and co-workers developed another novel method for the
synthesis of new diethyl 3-(2-0x0-2H-chromen-3-yl)-1-phenyl-1H-
pyrazole-4,5-dicarboxylate 58 from (£)-4-hydroxy-3-(1-(2-phenyl
hydrazono) ethyl)-2H-chromen-2-one 56 compound (Scheme 18)
[113]. Treatment of substituted phenyl hydrazine with different
coumarin compounds 54 has afforded the intermediate 56, which on
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Scheme 21. Proposed receptor C-2 binding mode with F~ in DMSO solution.

refluxing with diethyl but-2-ynedioate 57 furnished the targeted
coumarin-pyrazole functionalized product 58.

Green ultrasonic-assisted and the one-pot multicomponent syn-
thetic route was demonstrated by Seydimemet et al. to synthesize
functionalized coumarin-pyrazole scaffold using intermediate me-
thyl 3-(7-methoxy-2-ox0-2H-chromen-3-yl)-3-oxopropanoate 61
[114]. The intermediate 61 was synthesized via condensation of 2-
hydroxy-4-methoxybenzaldehyde 59  with  dimethyl  3-
oxopentanedioate 60 using a catalytic amount of piperidine base.
Ultrasonic irradiation-assisted catalytic L-proline mediated four
component reaction between intermediate 61, phenyl hydrazine,
aryl aldehyde 43, and malanonitrile 27 and afforded the product 6-
amino-3-(7-methoxy-2-oxo-2H-chromen-3-yl)-1,4-diphenyl-1,4-
dihydropyrano[2,3-c] pyrazole-5-carbonitrile 62 in good to excel-
lent yields as shown in Scheme 19.

Babiir and co-workers reported the synthesis of novel 7-
(diethylamino)-3-(5-hydroxy-1-phenyl-1H-pyrazol-3-yl)-2 H-
chromen-2-one 65 and explored their applications as new colori-
metric and fluorimetric chemosensors. The desired product ob-
tained by the condensation followed by cyclization between inter-
mediate methyl 3-(7-methoxy-2-ox0-2H-chromen-3-yl)-3-

oxopropanoate 64 and phenyl hydrazine under reflux condition in
ethanol-acetonitrile solvent using acetic acid as a catalyst is shown
in Scheme 20 [115]. Coumarin-pyrazolone-based colorimetric and
fluorimetric chemosensor (C-2) was successfully synthesized for
ratiometric sensing of F'and AcO™ and it was found that chemosen-
sor was more sensitive to F~ than AcO" at the stoichiometric ratio of
1:1.

Traven et al. reported the quantitative photo-oxidation of 4-
hydroxy-3-pyrazolinylcoumarins 66 into  4-hydroxy-3-(5-(4-
methoxyphenyl)-1-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-one 68
(Scheme 22) [116]. The present protocol demonstrated how the
enol form of 4-hydroxy-3-pyrazolinylcoumarins 66 undergoes easy
photo-oxidation reaction in CCly under visible light, but its keto
form 67 does not undergo the same. In another report, detailed
mechanistic path with intermediate radicals about the photo-
oxidation reaction of the enol form of 4-hydroxy-3-
pyrazolinylcoumarins 66 to desired product 68 was demonstrated
by the same research group of Traven et al. [117]. The photo-
oxidation reaction and the stepwise mechanistic path is shown in
Scheme 21.
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Scheme 24. Photo-dehydrogenation of coumarin-pyrazolines with K,Cr,O5 in acetic acid.

In continuation, Traven and co-workers demonstrated different
approaches for the dehydrogenation of coumarin-pyrazolines by
using per-chloro alkanes [118]. Initially, coumarinyl-pyrazolines 69
compound was synthesized by refluxing chalcone derivatives 44
with different aryl hydrazine 52 using cat. AcOH. The desired
products  3-(1-aryl-5-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-one
70 were obtained from intermediate 69 by treatment with K,Cr,O5
in catalytic acetic acid (Scheme 24).

5. FUNCTIONALIZATION
SCAFFOLD

In the coumarin-pyrazole scaffold, the pyrazole ring exhibits a
predominant nucleophilic character. Therefore, aromatic electro-
philic substitution (4rSE) reactions go very easily at the 4™ position
of the pyrazole ring. Due to this mode of reactivity, major function-
alization reactions are reported on 4-formyl coumarin-pyrazole 11

OF COUMARIN-PYRAZOLE

and related derivatives of the coumarin-pyrazole moiety, as shown
in Fig. (4).

N
N
R

Fig. (4). Reactive sites of coumarin-pyrazole scaffold.

I) C-C Bond Formation Reactions

A) Synthesis of 4- formyl-Coumarin-pyrazole Derivatives

Due to predominant nucleophilicity, the formylation reactions,
particularly Vilsmeier-Haack reaction using DMF/POCI;, were
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Scheme 26. Proposed mechanism of formylation for the synthesis of 4-formyl coumarin-pyrazole derivative.

reported at the 4™ position of the pyrazole ring of the coumarin-
pyrazole scaffold. Numerous protocols were reported related to the
synthesis of 4-formyl coumarin-pyrazole scaffold 11. Chodankar
and co-workers disclosed, for the first time, the synthesis of 4-
formyl coumarin-pyrazole. Synthesis of 4-formyl coumarin-
pyrazole 11 was achieved starting from salicyaldehyde 7 and ethyl
acetoacetate 8 in three steps, as shown in Scheme 2 [97].

In continuation with Chodankar ef al., several synthetic meth-
ods have been reported for the synthesis of 4-formyl coumarin-
pyrazole 11 intermediate to explore the applications of couamrin-
pyrazole heterocycle in medicinal and material chemistry. There-
fore, selective functionalization with diverse substituents on the
parent 4-formyl couamrin-pyrazole 11 scaffolds raised the interest
among synthetic chemists.

Srikrishna et al. (2014) (Scheme 3) [98], Nagamallu et al.
(2013) (Scheme 4) [99], Nagamallu et al. (2015) (Scheme 5) [100],
Zaki et al. (2012) (Scheme 39) [119], Jain ef al. (2017) (Scheme
34) [128], and Whitt ef al. (2019) (Scheme 36) [129] reported the
synthesis, functionalization, and derivatisation of 4-formyl couma-
rin-pyrazole scaffold 11.

All above mentioned synthetic methods of 4-formyl coumarin-
pyrazole have been reported by using Vilsmeier-Haack reagent

(DMF/POCI,) into the intermediate (£)-3-(1-(2-phenyl hydrazono)
ethyl)-2H-chromen-2-one 10 in one-pot method (Scheme 25) [107].

Mechanism of cyclization followed by formylation to obtain
desired 4-formyl coumarin-pyrazole 11 product was put forth for
the first time by Srikrishna and co-workers in their research proto-
col [107]. The detailed stepwise mechanism for the synthesis of 4-
formyl coumarin-pyrazole 11 is shown in Scheme 26.

B) Synthesis and Applications of Coumarin-pyrazole Cyano
Derivatives

Zaki and co-workers, in their reported protocol, mentioned
that 4-cyano coumarin-pyrazole [3-(2-oxo-2H-chromen-3-yl)-1-
phenyl-1H-pyrazole-4-carbonitrile] 114 compound was one of the
significant intermediates in 70-78% yield (Scheme 45) [119]. Simi-
larly, Padhye ef al. and Kumbar et al. (Scheme 37, compound 94)
also reported intermediate coumarin-pyrazole cyano compound in
their synthetic protocols [120, 121].

C) Reactions Involving C=C Bond Formation

Chornous and co-workers developed a green, efficient micro-
wave-assisted Doebner condensation reaction between 4-formyl
coumarin-pyrazole 11, malonic acid 71, and pyridine used as a base
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to afford novel (E)-3-(3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-
pyrazol-4-yl) acrylic acid 72 in excellent yield (Scheme 27) [122].

An efficient, eco-friendly glycine catalyzed Knoevengeal con-
densation route for the synthesis of coumarin pyrazole-acrylol ana-
logues 74 (a-d) was demonstrated by Chaudhry ef al. [123]. The
desired coumarin-pyrazole-acrylol derivatives 74 (a-d) were ob-
tained in excellent yields (82%) when 4-formyl coumarin-pyrazole
11 condensed with different active methylenes 73 under room tem-
perature. They were stirred in DMSO in the presence of a catalytic
amount of glycine (Scheme 28).

Few other reports also mentioned the condensation reaction
with 4-formyl coumarin-pyrazole 11 to obtain the C=C bond con-
taining moieties. Kenchappa et al. (2017) (Scheme 30, compound

78) [124], Vijaya Laxmi et al. (2012) (Scheme 46, derivative 118
and 120) [132], and Gondru et al. (2018) (Scheme 51, compound
139) [135] reported the protocols of similar condensation reactions.

D) Synthesis of Acyl Derivatives

In 2015, Gombha et al. demonstrated the synthetic protocol for
the acylation reaction of coumarin-pyrazole to yield the product [3-
(3-benzoyl-1-phenyl-1H-pyrazol-4-yl)-2 H-chromen-2-one] 76 with
good to excellent yield [106]. Initially, intermediate 3-((£)-3-
(dimethyl amino) acryloyl)-2H-chromen-2-one 33 obtained by con-
densation 3-acetyl coumarin 9 with DMF-DMA followed by treat-
ment with (Z)-1-(1-chloroalkylidene)-2-phenylhydrazine molecule
75 led to the formation of the desired product 76 as shown in
Scheme 29.
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Scheme 33. Synthesis of novel hydrazone derivatives using 2-aryloxyacetohydrazide.

E) Synthesis of Coumarin-pyrazole
unsaturated Carbonyl Derivatives

Containing a, pB-

Kenchappa et al. developed a new series of compound (£)-3-
(4-((5,6-dimethoxy-1-ox0-1,3-dihydro-2 H-inden-2-ylidene) me-
thyl)-1-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-one 78 (68-82%
yield) by the Claisen-Schmidt condensation reaction of 4-formyl
coumarin-pyrazole 11 and 5,6-dimethoxy-2,3-dihydro-1H-inden-1-
one compound 77 in methanol and sodium methoxide base (Scheme
30) [124].

In addition to the above-reported methods, Chaudhry et al. in
2016 (Scheme 28, compound 74) [123], Patel et al. in 2008
(Scheme 42, compound 105) [131], Vijaya Laxmi ef al. in 2012
(Scheme 46, compound 118 and 120) [132], and Gondru et al. in
2018 (Scheme 51, compound 139) [135] also reported the function-
alization of couamrin-pyrazole scaffold and synthesized various
interesting coumarin-pyrazole containing ¢, f-unsaturated carbonyl
derivatives.

II) Reactions of C-N Bond Formation

a) Reactions of Imine Bond Formation

Bratenko and co-workers synthesized new (Z)-3-(1-phenyl-4-
((phenylimino)methyl)-1H-pyrazol-3-yl)-2 H-chromen-2-one 80
azomethine (imine) derivatives by reacting 4-formyl coumarin-
pyrazole 11 using various primary arylamine 79 under reflux condi-
tion in toluene with 65 to 84% yield (Scheme 31) [125].

b) Synthesis of Hydrazone Based Derivatives

Several synthetic protocols have been reported allied to the hy-
drazone functionalization of the 4-formyl coumarin-pyrazole 11
scaffolds. Bratenko and co-workers reported a protocol of conden-
sation of various acyl hydrazine 81 with 4-formyl coumarin-
pyrazole 11 for the synthesis of a new series of hydrazone deriva-
tives [(2)-N'-((3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl) methylene)-2-phenoxy/aryloxyacetohydrazide] 82(a-c) in good
to excellent (82 to 86%) yields (Scheme 32) [126].

Labudova et al. (2016) demonstrated a synthetic protocol to
synthesize (E)-3-(4-((2-((aryl-2-yloxy)methyl)hydrazono)methyl)-
1-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-one 87 (a-f) derivatives
using intermediate 4-formyl coumarin-pyrazole 11 and different 2-
aryloxyacetohydrazide 86 (Scheme 33) [127]. The reaction of chlo-
ro ethyl acetate 84 with appropriate phenols in the presence of
K,COj3 provided the first intermediate 85, which on refluxing with
hydrazine hydrate in ethanol furnished the second intermediate 2-
aryloxyacetohydrazide 86. Finally, condensation of 4-formyl cou-
marin-pyrazole 11 with intermediate 86 using reflux and catalytic
acetic acid condition afforded the target product 87 (a-f) in 56 to 65
% yield.

By applying similar reaction condition as in Scheme 33, couma-
rin-pyrazole scaffold synthesis was reported by Zaki ef al. in 2012
(Scheme 39 and 43, compound 98) [119]. Gondru et al. in 2015
(Compound 103, Scheme 40) [130] reported the synthesis of
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Scheme 36. Synthesis of new coumarin-pyrazole-hydrazone derivatives.

hydrazone derivatives of 4-formyl coumarin-pyrazole 11 using
various hydrazine compounds.

Green, ultra-sonication, and microwave irradiation techniques
were applied by Jain ef al. to synthesize (Z)-3-(1-phenyl-4-((2-
phenyl hydrazono)methyl)-1H-pyrazol-3-yl)-2H-chromen-2-one 88
(a-e) derivatives via multistep reaction way as shown in Scheme 34
[128]. In this approach, 3-acetyl coumarin 9 and phenyl hydrazine
were treated under microwave irradiation to give (E)-3-(1-(2-phenyl
hydrazono)ethyl)-2H-chromen-2-one compound 10, which on
Vilsmeier-Haack formylation using ultrasonic technique yielded the
4-formyl coumarin-pyrazole 11. The target molecules 88 (a-e) were
obtained in 82 to 87% yields by microwave irradiation of 4-formyl
coumarin-pyrazole 11 with different aryl hydrazine 52. The synthe-
sized molecules have shown good applications as sensors for in-
stantaneous and selective bare eye detection of fluoride (F) ion in
an unknown sample. The following Scheme 35 shows the binding
of fluoride (F) ion to the corresponding final product 88 (a-e) de-
rivatives [128].
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Recently, Whitt et al. applied the same synthetic strategy to
synthesize  different  (E)-4-(3-(2-0x0-2H-chromen-3-yl)-4-((2-
phenylhydrazono)methyl)-1H-pyrazol-1-yl)benzoic acid 92 (a-i)
derivatives of hydrazone. In this, starting material was 4-
hydrazinylbenzoic acid 89 treated with 3-acetyl coumain 9 to afford
the intermediate product (£)-4-(2-(1-(2-0x0-2H-chromen-3-
ylethylidene)hydrazinyl)benzoic acid 90. Then, intermediate 90
was converted into 4-(4-formyl-3-(2-oxo-2H-chromen-3-yl)-1H-
pyrazol-1-yl)benzoic acid 91 via Vilsmeier-Haack formylation
followed by reaction with various hydrazine 52 in ethanol using
catalytic acetic acid which afforded the desired product 92 (a-i)
derivatives obtained in good to excellent (68-88%) yield (Scheme
36) [129].

¢) Synthesis of Oxime Derivatives

Kumbar et al. developed a new synthetic protocol for novel
coumarin-pyrazole affixed tetrazole, i.e., 3-(1-phenyl-4-(2H-
tetrazol-5-yl)-1H-pyrazol-3-yl)-2H-chromen-2-one 95 derivatives.
Initially, oxime intermediate (Z)-3-(2-oxo0-2H-chromen-3-yl)-
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Scheme 38. Miscellaneous C-C and C-N bond formation reactions of coumarin-pyrazole scaffold.

1-phenyl-1H-pyrazole-4-carbaldehyde oxime 93 was obtained by
refluxing 4-formyl coumarin-pyrazole 11 with hydroxylamine hy-
drochloride in ethanol. Further, oxime intermediate 93 on treatment
with SOCI, provides access to 3-(2-oxo-2H-chromen-3-yl)-1-
phenyl-1H-pyrazole-4-carbonitrile 94 derivatives then reaction with
sodium azide in toluene using cat. triethyl amine furnished the de-
sired product with 95 good yields (70 to 85%), as shown in Scheme
37 [121].

Another research protocol of Zaki and co-workers also reported
the formation of coumarin-pyrazole affixed oxime intermediate 113
in their entire Scheme 45 [119].

III) SYNTHESIS OF COUMARIN-PYRAZOLE AFFIXED
HETEROCYCLES

A) Synthesis of Coumarin-pyrazole Affixed Five-membered
Heterocycles

i) Formation of Coumarin-pyrzole Affixed Thiazole Molecule

Zaki et al. reported synthesis of (Z)-3-(1-phenyl-4-((2-(4-
phenylthiazol-2-yl)hydrazono)methyl)-1H-pyrazol-3-yl)-2 H-aryl[ 4]

chromen-2-one 100 derivatives containing new thiazole heterocycle
as shown in Scheme 39. Initially, the 3-acetyl-7,8-dihydro-2H-
aryl[h]chromen-2-one compound 38 on refluxing with phenyl hy-
drazine afforded the corresponding hyrazone 96, which subsequent-
ly transformed into new 4-formyl coumarin-pyrazole derivative 97
by Vilsmeier-Haack formylation reaction. Further, the reaction of
this new formyl 97 derivatives refluxed with thiosemicarbazide
using catalytic acetic acid afforded the corresponding thiosemi-
carbazone 98 derivatives. Finally, refluxing in DMF with different
phenacyl bromides 99 produced the desired thiazole-based 100
derivatives with 56-70% yield [119].

One-pot three-component synthesis of new coumarin-pyrazole
affixed substituted thiazole (£)-3-(1-phenyl-4-((2-(4-phenylthiazol-
2-yl)hydrazono)methyl)-1H-pyrazol-3-yl)-2H-chromen-2-one
103(a-1) were developed by Gondru and co-workers. The stepwise
conversion of 3-acetyl coumarin 9 to corresponding hydrazone 10
was achieved by reacting 4-formyl coumarin-pyrazole 11. Three
component reactions of 4-formyl coumarin-pyrazole 11, thiosemi-
carbazide 101, and I-aryl-2-bromoethan-1-one 102 refluxed in
ethanol using catalytic acetic acid condition furnished the final
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product 103 (a-1) in good to excellent (85-92%) yields (Scheme 40)
[130].

Mahmoodi et al. reported new series of thiazolyl-pyrazole-
biscoumarin 48 by applying a one-pot multicomponent synthetic
route as shown in Scheme 15. Coumarinyl chalcone 44, thiosemi-
carbazide 46 and coumarinyl phenacyl bromide 47 were refluxed in
ethanol to access desired product 3-(2-Oxo-2H-chromen-3-yl)-1-(4-
(2-ox0-2H-chromen-3-yl) thiazol-2-yl)-5-aryl-1H-pyrazol-1-ium 48
in good yields (Scheme 15) [110].

ii) Formation of Novel Coumarin-pyrazole Affixed Tetrazole
Compound

Kumbar et al. reported the synthesis of the desired product 3-
(1-phenyl-4-(2H-tetrazol-5-yl)-1H-pyrazol-3-yl)-2 H-chromen-2-
one 95 from intermediate 3-(2-oxo-2H-chromen-3-yl)-1-phenyl-
1H-pyrazole-4-carbonitrile 94 as shown in Scheme 37 with 70-85%
yield [121].

iii) Formation of Coumarin-pyrazole Affixed Alkyloxazolone

The heterocycle 2-alkyloxazolone affixed coumarin-pyrazole
moiety 105 was reported by Patel ef al. (Scheme 41) [131]. Reac-
tion of 4-formyl coumarin-pyrazole 11, N-acetylglycine or N-
benzoylglycine 104 in Ac,0O/ NaOAc afforded the desired Erlen-
meyer-Plochl azlactone product i.e. (Z)-2-methyl-4-((3-(2-ox0-2H-
chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)methylene) oxazol-5(4H)-
one 105 in 55-65% yield (Scheme 41).

iv) Formation of Coumarin-pyrazole Affixed Thiazolone

Zaki et al. demonstrated the synthesis of three linked hetero-
cyclic (coumarin-pyrazole-thiazolone) compound 107 [i.e. (2)-2-(2-
((3-(2-oxo0-2H-aryl[h]chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazinyl)thiazol-4(5H)-one] using intermediate
thiosemicarbazone  derivative 98 and ethyl 3-chloro-2-
oxopropanoate 106 under reflux condition in ethanol with the addi-
tion of NaOAc base as shown in entire Scheme 42 [119]. The
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Scheme 43. Biginelli and Hantzsch reactions using 4-formyl coumarin-pyrazole.

synthesis of intermediate thiosemicarbazone 98, starting from 3-
acetyl-7,8-dihydro-2H-aryl[h]chromen-2-one 38, was performed in
the same way as described in Scheme 39.

B) Formation of Coumarin-Pyrazole Affixed Six-Membered
Heterocycle Compounds

i) Synthesis of 5-acetyl-3,4-dihydro-6-methylpyrimidin-2(1H)-one

Biginelli reaction involving one-pot, three-component (4-
formyl coumarin-pyrazole 11, 1,3-diketo/ dicarbonyl compound
108 and urea 109 refluxing in methanol to furnish the product 5-
acetyl-3,4-dihydro-6-methylpyrimidin-2(1H)-one 110 (a-f) (50-
60% yield) was reported in the research protocol of Patel ef al. in
2008 (Scheme 43) [131].

ii) Synthesis of 3,5-dicarbonyl-1,4-dihydro-2,4,6-trimethylpyridine

Patel et al. in 2008 also reported Hantzsch reaction for the syn-
thesis of novel diethyl 2,6-dimethyl-4-(3-(2-0x0-2 H-chromen-3-yl)-
1-phenyl-1H-pyrazol-4-yl)-1,4-dihydropyridine-3,5-dicarboxylate
compound 112 (a-f) derivatives. The 4-formyl coumarin-pyrazole
11, 1,3-diketo/ dicarbonyl compound 108 and ammonium acetate
111 were refluxed in acetic acid; the target product 112 (a-f) deriva-
tives were obtained in 53-63% yield (Scheme 43) [131].

iii) Synthesis of 2-amino-6-mercaptopyridine-3,5-dicarbonitrile

Zaki et al. developed the synthesis of novel 2-amino-6-
mercapto-4-(3-(2-oxo-2H-aryl[h]chromen-3-yl)-1-phenyl-1H-

a:R=-H; Ry=-H; R, =-CHj;
b:R=-H; Ry=-H; R, =-OEt;
c:R=-Br; Ry=-H; R, =-CH3;
d:R=-Br; Ry=-H; R, = -OEt;
e:R=-H; Ry =-OCHjz; R,=-CHj;
f:R=-H; R;=-OCH;; R,=-OEt

pyrazol-4-yl)pyridine-3,5-dicarbonitrile 116 by reacting substituted
4-formyl coumarin-pyrazole 97 with 2-cyanoethanethioamide 115
in the refluxed condition in ethanol using cat. piperidine base to
afford the product with moderate to good yields. In the next strate-
gy, substituted 4-formyl coumarin-pyrazole 97 was treated with
NH,OH.HCI to obtain the coumarin-pyrazole-oxime 113 and ab-
normal Beckmann rearrangement gave 4-cyano coumarin-pyrazole
114 product 116 (Scheme 44) [119].

iv) Synthesis of Coumarin-pyrazole Affixed Pyrimidine
2,4,6(1H,3H,5H) Triones and Thioxopyrimidine 4,6(1H,5H) Dio-
nes

Green, microwave-assisted condensation route for the synthe-
sis of new 5-((3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)-2-thioxodihydropyrimidine-4,6(1H,5H)-dione 118(a-
f) and 5-((3-(2-ox0-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-
yl)methylene)pyrimidine-2,4,6(1H,3H,5H)-trione 120(a-f) from 4-
formyl coumarin-pyrazole 11 was developed by Vijaya Laxmi and
co-workers [132]. Initially, 3-acetyl coumarin 9 on treatment with
phenyl hydrazine converted into corresponding hydrazone 10 fol-
lowed by Vilsmeier-Haack reaction which gave 4-formyl coumarin-
pyrazole 11. Further, reaction of 4-formyl coumarin-pyrazole 11
with dihydro-2-thioxopyrimidine-4,6(1H,5H)-dione 117 and pyrim-
idine-2,4,6(1H,3H,5H)-trione (Barbituric acid) 119 under micro-
wave irradiation produced the corresponding products 118 (a-f) and
120 (a-f) in good to excellent (75-90%) yield (Scheme 45).
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Dihydropyrazolone

Chaudhry et al. developed green glycine catalyzed condensa-
tion for the synthesis of (£)-5-methyl-4-((3-(2-0x0-2H-chromen-3-
yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-2-phenyl-2,4-dihydro-
3H-pyrazol-3-one 74 (d) using 4-formyl coumarin-pyrazole 11 and
5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 73 as shown in
Scheme 46 [123].

In Scheme 47, Mahamoodi and coworkers (2016) described an
efficient, one-pot, three-component synthetic route for the synthesis
of 3-(2-Oxo0-2H-chromen-3-yl)-1-(4-(2-0x0-2 H-chromen-3-yl)
thiazol-2-yl)-5-aryl-1H-pyrazol-1-ium 122 containing thiazolyl-
pyrazole-biscoumarin moiety [110].
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Scheme 48. Microwave-assisted efficient synthesis of coumarin-pyrazole attached benzimidazole.

C) Formation of Coumarin-pyrazole Fused Heterocycle

i) Synthesis of 6-amino-3-(7-methoxy-2-o0xo-2H-chromen-3-yl)-
1,4-diphenyl-1,4-dihydropyrano(2,3-c] pyrazole-5-carbonitrile

Seydimemet et al. disclosed ultrasonic irradiation assisted cata-
lytic L-proline mediated four-component reaction between interme-
diate 61, phenyl hydrazine, aryl aldehyde 43, and malanonitrile 27,
affording the product 6-amino-3-(7-methoxy-2-oxo-2H-chromen-3-
y1)-1,4-diphenyl-1,4-dihydropyrano[2,3-c] pyrazole-5-carbonitrile
62 in good to excellent yields as shown in Scheme 19 [114].

ii) Synthesis of Coumarin-pyrazole Affixed Benzimidazole Scaf-
fold

Microwave-assisted, one-pot synthetic methodology was devel-
oped by Kumbar and co-workers to synthesize 3-(4-(1H-
benzo[d]imidazol-2-yl)-1-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-
one and 3-(4-(3H-imidazo[4,5-b]pyridin-2-yl)-1-phenyl-1H-
pyrazol-3-yl)-2H-chromen-2-one 124(a-k) derivatives. In this pro-
tocol, the comparative conventional and microwave-assisted reac-
tion study was performed. The result revealed that microwave-
assisted method was superior in terms of reaction yield, time, and
work-up procedure. Synthesis was performed using 4-formyl cou-
marin-pyrazole 11 and substituted aryl 1,2-diamino compound 123
under microwave irradiation to afford the desired product 124 (a-k)
in excellent yields (90-97%) as shown in Scheme 48 [133].

Srikrishna et al. disclosed the different strategies to synthesize
biologically active coumarin-pyrazole affixed benzimidazole scaf-
fold 130 and their analogues 134 (Scheme 49) [134]. In this proto-
col, the 4-formyl coumarin-pyrazole 11 on reduction with NaBH,
afforded the alcohol intermediate 125, which subsequently convert-
ed into 126 by refluxing with SOCI, in benzene. Intermediate 126
on S\? reaction with O-ethyl carbonodithioate 127 provided another
intermediate 128 which on refluxing with different aryl 1,2-diamine
129 furnished the desired product 3-(4-((1Hbenzo[d]imidazol-2-
ylthio)methyl)-1-phenyl-1H-pyrazol-3-yl)-2H-chromen-2-ones 130.

The intermediate 126 on treatment with thiourea 131 resulted in
the formation of thiol 132, which on refluxing with 2-chloro-1H-
benzo[d]imidazole in presence of K,CO3/ TBAB afforded the prod-
uct 130. Further, N-alkylation of 130 gave the corresponding alkyl-
substituted coumarin-pyrazole affixed benzimidazole 3-(4-(((1-
methyl-1H-benzo[d]imidazol-2-yl)thio)methyl)-1-phenyl-1H-
pyrazol-3-yl)-2H-chromen-2-one 134 by using K,CO;/ TBAB as
shown in Scheme 49.

iii) Synthesis of fused thiazolo[2,3-b[pyrimidinones bearing a
pyrazolylcoumarin moiety:

Gondru and coworkers demonstrated an efficient one-pot, four-
component condensation reaction between 4-formyl coumarin-
pyrazole 11, chloroacetic acid 138, thio-intermediate 137 and acetic
anhydride in the presence of acetic acid with NaOAc base to afford
the series of (Z)-7-aryl-10-((3-(2-ox0-2H-chromen-3-yl)-1-phenyl-
1H-pyrazol-4-yl)methylene)-5,7-dihydro-6 H-benzo[4] thiazolo[2,3-
b]quinazolin-9(10H)-one 139(a-0) derivatives. The intermediate
137 [4-aryl-8-methyl-3,4,5,6-tetrahydrobenzo[#]quinazoline-2(1H)-
thione] was synthesized via one-pot, three-component condensation
reaction between 6-methyl-3,4-dihydronaphthalen-1(2H)-one 135,
aldehyde 136 and thiourea 109 using catalytic conc. H,SO4
(Scheme 50) [135].

1V) Reactions at N-Atom of Coumarin-Pyrazole

The N-atom of coumarin-pyrazole derivative 2 showed decent
nucleophilic character; therefore, various reactions such as nucleo-
philic substitution, addition, condensation reactions are reported in
some research protocols of the coumarin-pyrazole scaffold. El-
Deen et al. demonstrated, for the first time, the utility of reactions
related to N-atom of pyrazole ring in synthesizing diverse com-
pounds using coumarin-pyrazole scaffold as summarized in Scheme
51 [108].
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Scheme 50. Synthesis of fused thiazolo[2,3-b]pyrimidinone-pyrazolylcoumarin hybrids.

a) Amidation and co-related Substitution Reaction

Amidation of coumarin-pyrazole 2 was successfully carried out
using acetyl chloride or benzoyl chloride, and chloro acetyl chloride
140 afforded the intermediate amide 141. Further, the reaction of
amide derivative of chloro acetyl chloride 141 (b) with different
amine 142 gave the substitution product 143.

b) N-methylation Reaction

In the next protocol, N-methylation of coumarin-pyrazole 2 was
performed using dimethyl sulphate to obtain the product 144.

¢) Nucleophilic Substitution and Related Reactions

Aliphatic nucleophilic substitution reactions at N-atom are
more familiar and performed using benzyl chloride or phenacyl
bromide 145 to obtain the intermediate 146. This intermediate 146,
on treatment with various aldehydes, gave the chalcone derivative
147, and with hydrazine hydrate, afforded the acyl hydrazide com-
pound 148.

d) Michael Addition and Related Reactions

Michael addition reactions also worked efficiently with couma-
rin-pyrazole 2 and afforded the coumarin-pyrazole based cyano 150
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Scheme 51. Miscellaneous reaction strategy of N-atom of pyrazole ring of the coumarin-pyrazole.

(a) and ester-based 150 (b) derivatives. Further, treatment with
hydrazine hydrate and NaNj; furnished the acid-hydrazide derivative
151 and tetrazole affixed coumarin-pyrazole 152, respectively, in
good to excellent yield (Scheme 51) [108].

CONCLUSION

In recent years, coumarin and pyrazole-containing pharmaco-
phores have received considerable interest in finding new leads in
drug discovery and exploring the applications in material chemistry.
Thus, new methods have been developed for the synthesis and func-
tionalization of coumarin-pyrazole-containing compounds. In the
present review, we summarized the synthesis and functionalization
of the pharmacologically important coumarin-pyrazole scaffold.
Approaches include the synthesis of coumarin with various substi-
tutions that can easily be further derivatized, as well as incorporat-
ing the pyrazole with or without substitution with addition, cycliza-
tion, and cascade reactions. Moreover, coumarin-pyrazole has been
used to afford valuable chemical entities that are otherwise cumber-
some to synthesize. The ease of synthetic access will encourage
further use of coumarin-pyrazole building blocks in medicinal and
material chemistry. It has been demonstrated that this combination
of heterocycles can be introduced as a good surrogate to tune hy-
drophobic and lipophilic groups, such as the functionalization on
the 4-formyl group, or a substitution on coumarin moiety can en-
hance the chemical and metabolic stability; therefore, this remarka-
ble stability and other characteristic properties will stimulate their
use not only in the pharmaceutical industry but also in material and
agrochemical industry. It is expected that further methods will be
devised for its easy incorporation and functionalization into desired

target scaffolds, and continued studies will deepen the understand-
ing of its impact on the properties of compounds. We believe that
this review of the unique combination of coumarin-pyrazole hetero-
cycles will encourage the scientists to use the coumarin-pyrazole
scaffold to find new chemical entities within medicinal chemistry as
well as other fields of chemistry.
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