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ABSTRACT

Pyranopyrazoles are fused five-six membered rings containing nitrogen and oxygen heterocycles. Interestingly this
class of compounds has diverse biological activities such as antimicrobial, anti-inflammatory, anticancer,
analgesic, anticonvulsant, vasodilator and molluscicidal activity. Recently, this class has been identified as a
potential inhibitor of human Chklkinase. This review highlights the bioactivity and pharmacological studies of
pyrano[ 2,3-c] pyrazol es.
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INTRODUCTION

The heterocyclic compounds are widely spread inneaand play an important role in life. Due to theracteristic
properties, the heterocyclic compounds hold aglaga in medicinal chemistry [1]. The chemistrheferocyclic
chemistry has been explored widely in the past ttlree decades [2]. The synthesis and the applicaif
heterocyclic compounds of medium size rings becpopailar [3, 4].

During the recent years, there has been intensmanas on fused hetercyclic compounds with pharnoggcél
importance. Among the heterocycles the pyranopyeaziass has drawn the attention. Pyranopyraz@fs to a
fused five member pyrazole ring to a six membelapying. The pyranopyrazole nucleus is a versablarce of
biologically important molecules. There are foursgible isomers of pyranopyrazole - pyrano[@®/azole,
pyrano[4,3€]pyrazole, pyrano[3,2]pyrazole and pyrano[3,d-pyrazole. The pyrano[2,8}pyrazoles {) are the
most popular with pharmacological importance andehheen explored most. Pyrano[2]Byrazoles posses
important roles in the field of pharmacological angdicinal chemistry due to the various activitiglsthe
heterocycle core.
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Pyrano[2,3-c]pyrazole
The pyrano[2,3]pyrazole derivatives are known in the literatuircs early 18 century. After the publication of
Junek et al [5] in 1973 and Ottoet al [6], tremendous developments have been done onsyhthesis of

functionalized pyrano[2,8]}pyrazoles and its application in medicinal chemyistbecome popular. In this review
pharmaceutically important and bioactive pyranof@8/rrazoles are highlighted with their activities.
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PHARMACOLOGICAL AND BIOLOGICAL EVOLUTION:

Analgesic and Anti-inflammatory activity

Pyrazolopyridines were known as analgesic and rdiatinatory agents [7]. Uedet al. [8] thought that the
introduction of a pyran ring instead of the pyriginng might give pharmacologically better actiwenpounds. So,
pyrano[2,3€]pyrazoles were synthesized and tested for analgesvity in mice.

! o” "o
R

2a: R =Ph 3a; Y =Br

2b: R = mCI-Ph 3b: Y = CHCI

The analgesic activitie®a, b and3a, b were examined in comparison with aminopyrine bgl @dministration to
mice. The pharmacological result of compouBadsb were almost the equal to that of aminopyrine (7@#tkition)
and3a, b showed 50% inhibition.

Hc  CHs Hc ~ CHs H,c  Ri NHCHg
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HC 4 S 6a: 3, 4-dichlorophenylgb: naphthyl
6c: thienyl

Kuo et al [9] synthesized a series of 1- and 2-substitutdeddBnethylpyrano[2,3-c]pyrazol-6-one derivativesidit

substituted 1,6-dihydro-4-methyl-6-oxopyrano[2,Byehzole-3-acetic acids. These compounds weredtéstdoth

analgesic and antiinflamatory activities. Most loégse compounds showed more prominent analgesidtiastithan

antiinflammatory activities and the result was &mito that of aminopyrine. Among these compourid8,4-

trimethyl- pyrano[2,3-c]pyrazol-6(1H)-or®)(and 2,3,4-trimethylpyrano[2,3-c]pyrazol-6(2H)-o(® showed more
potent analgesic activity.

Vaid et al [10] have prepared some pyrano[2]Byrazolones and shown analgesic effects.

Zaki et al [11, 12] synthesized a series of pyrano[2.3-c]pyla derivatives. A pharmacological study to evadua
the anti-inflammatory effects of the newly syntlzesi compounds was performed. The compaogedhowed no
anti-inflammatory activity with a lower inhibitorgffect compared to diclofenac. Compoudei reduced edema
more effectively than compourgh with percentage inhibition of 50.40%. Compoutal reduced oedema more
effectively than6a and6c¢ with 60.10% percentage inhibition, indicating athanti-inflammatory effect.

Mandhaet al [13] synthesized a series of pyranopyrazelaanulticomponent one pot approach in agueous ethanol
medium under totally non-catalytic conditions. Thamthesized compounds were evaluated for theibactirial,
anti-inflammatory and cytotoxic activities.

Kumar et al[14] synthesized pyrano[4.3-c]pyrazoles. These ammgds were found strong analgesic and excellent
anti inflammatory activities.

Antibacterial activity

Hogaleet al. [15] synthesized a series of pyrano[2,3-c]pyrazdlat showed antibacterial activity. Ahaial [16]
synthesized spiro-pyranopyrazoleta piperidine catalyze one-pot, four-component reectof p-ketoesters,
hydrazine hydrate, malononitrile, and isatinesgoeus media. The reaction was done at room tertoperand the
spiro[indoline-3,4pyrano[2,3€]pyrazole]-3-carbonitriles 7 were obtained with high yields and puritia an easy
work-up procedure. These compounds were also iigatetlin vitro for antibacterial activities.
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Antimicrobial activity

Bacterial resistance to drug, resulting from thdegpread use and misuse of classical anti-micralgiahts [17], is
a challenging problem in antibacterial developméifficient syntheses and study of some potent camge are
always required to overcome problem of multi-dragistant (MDR) bacteria and fungi. Recent resegeehals that
fact that pyrano[2,3-c]pyrazoles possesses a anppsition in medicinal chemistry due to strong nuiidal
activities.

Ei-Tamany et al [18] synthesized pyrano[2,3-c]pyrazole derivatives the 4-arylidene-3-methyl-1-phenyl-2-
pyrazolinones with some active methylene compoundsjer Michael reaction conditions. All the newly
synthesized compounds were tested against someribaahd some of the compounds were found to Hedieally
active.

OCHs

CN

N™ ~0” "NH,

Ar = 2-(4-(Un)-substitutedphenyl)-1H-indole
9a: H, 9b: CHjz; 9c: OMe;9d: Cl, 9e: Br, 9f: F

R =H, Me, Et, X = H, Br, N@
O,N

S. Abdullah El-Assiengt al. [19] synthesized pyranopyrazole derivatives amth@crobial activity of the prepared
compounds was tested by the disk diffusion mett&f. [Staphylococcus aureus and Bacillus cereus (as Gram
positive strains)Serratia marcescens and Proteus mirabilis (as Gram negative straingdspergillus fungytus (as
fungi) were used for testing the compounds. Modetathigh microbial activity was observed by thenpounds.
The compoun® showed moderate activity against Gram negativéebiacstrains and low activity against fungi.
Abdel et al [21] prepared a series of spiro pyranofused heyetes and tested for antimicrobial activity.

F

PN

10 11 12
R =a: H, b: CH,CHj3, c: COGH5, d: COCGH,Cl-p, e COGH4CI-o, f: SO,CgH5, g: SO,CeH4Br-p

Harshadet al [22] synthesized a series of pyrano[2]Byrazole derivatives of indole by multi-componeaactions
using the conventional and microwave irradiatioprapch. Antimicrobial screening of the synthesidedvatives
was investigated against eight human pathogens.elgaBecillus subtilis, Clostridium tetani, Sreptococcus
pneumoniae, Salmonella typhi, Vibrio cholerae, Escherichia coli, Aspergillus fumigatus and Candida albicans.
Against fungal pathoge@andida albicans, compound®a (R = H), 9b (R = CH;) and9f (R = F) were found to
possess better activityM{C 250 ug mL-1) as compared to the standard griseofulWhC( 500 ug mL-1).
Compound9f showed outstanding activityyl{C 62.5 ug mL-1) against the Gram-negative bactersghBrichia
coli, as compared to the standard ampicilifi€ 100 ng mL—1) and compounée (R = Br) displayed excellent
activity (MIC 125 ug mL-1) against the Gram-positive bacteBacillus subtilis, as compared to the standard
ampicillin (MIC 250 pg mL—1). CompoundSb , 9d (R = CI),9f , and9h (R = NO,) againstB. subtilis (MIC 2009
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mL-1) and compounddc (R = OCH,), 9f and9h (R = NG,) againstClostridium tetani (MIC 200 ug mL-1) were
found significantly active in comparison to amginil(MIC 250ug mL-1).

Mandour, A. H [23] synthesized and extensivelyd&d three series of pyranopyrazoles- 3-[(N-stiltstil indol-3-
yl)methyleneamino]-6-amino-4-aryl-pyrano(2,3-c)mete-5-carbonitrilesl0a-g and1la-g) and 3,6-diamino-4-(N-
substituted indol-3-yl)pyrano(2,3-c)pyrazole-5-aantiriles (12a-g). The synthesized compounds possess significant
anti inflammatory, analgesic and anticonvulsanivéis. The anticonvulsant potency of certain édstompounds
were more pronounced than both anti-inflammatory @malgesic activities. Moreover, most of the newly
synthesized compounds possess potential antimaraditivity againstEscherichia coli and Pseudomonas
aeruginosa. The newly synthesized compounds with pyrano@p8+azole nucleusat 3-position of indole moiety
show anti-inflammatory, analgesic and anticonvulsantivities which are increased by the presendeatd atoms.
The anticonvulsant potency of certain tested comgswas more pronounced than both the anti-inflalmmand
analgesic activities.

Mistry et al [24] synthesized a series of pyrano[d8]Byrimidine-5-one derivaties from 6-amino-4-
(substitutedphenyl)-5-cyano-3-methyl-1-phenyl-1lidydropyrano[2,3e]pyrazole derivatives via cyclization using
formic acid and acetic acid. All the synthesizednpounds have been screened for antibacterial,uagid and
antitubercular activity.

Kassemet al [25] synthesized pyranopyrazoles and pyranoimdiégzd he synthesized new fused pyranopyrazoles,
13a-e incorporated to 8-hydroxyquinoline through a snoifo bridge at position 5 and evaluation of their
antimicrobial against a variety of pathogenic manganismsE. coli, P. aeruginosa (Gram-negative bacteria$
aureus, B. cereus (Gram-positive bacteria), and one strain of fu(@andida albicans), at different doses of the
tested compounds (100, 50, and 25 mg/disc). ContpoutBc was identified as the most active with growth
inhibition of 22mm at cocentration 100 mg/disc agaE. coli when compared with the reference drug cefatoxime
(832 mm) at 30 mg/disc.

Katariyaet al [26] synthesized a series of pyrano[2,3-c]pyrazoiga one-pot, multi component reaction (MCRSs)
using various basic catalyst. All the synthesizechpoundsl4 were tested for their antibacterial and antifungal
activity (MIC) in vitro by broth dilution method wh two bacterial strains S. aurues MTCC-96 and ubtillitis
MTCC-441 and two fungal sstrains A. niger MTCC-282d C. albicans MTCC-227. Very good antibacterial
activity was observed for 3,4 dimethoxy derivativ@s6 dichloro derivatives shown the activity atnimal
inhibitory concentration of 62.5 mg/mL for grametbacteria S.p.- Streptococcus pyogenes MTCC 4é8n g
negative bacteria E. coli compare to know chloroemptol and ciprofroxacin 50 mg/mL.

Hee A

— CO,Et
HN, |
N

0~ TNH,
Ar: 15

a = 2,3,4 trimethoxy phenyl

b = 1H-indol-3-yl

¢ = 2=chloro-6-mehtylquinolin-3-yl
d = 3,4-dimehtoxyphenyl

e= 4-hydroxy-3-methoxyphenyl

=
R: 13
N a= H, b=Cl
., c=NOyd=0CH
e = N(CHy),

B. N. Amin e a [27] synthesized a series of novel 6-amino-4-(hsteroaryl)phenyl-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carboxylate derivas ((5a-€) and screened for their antibacterial and antifiing
activity. The compound5a showed a moderate inhibition agaistoli and A.niger. However, it showed lower
inhibition againss. aureus. The compound5b and15c showed a moderate inhibition agaifsaureus andE. coli.
The compound5c showed significant antifungal activity agaidstniger at 40ug/mL. The compound5d showed
good inhibition againsS. aureus and E.coli with respect to gentamycin. The compoutise showed no zone
inhibition againsS aureus andE.coli. and good inhibition against niger.
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Anticancer activity

Mohamedet al [28] synthesized pyranopyrazole and pyranopyriliapd tested into the cytotoxcity bioassay on
Human tumor cell line (HEPG2). The tested compouwdse evaluated for their cytotoxicity against thesr
Carcinoma cell line (HEPG2) of human. The resultlidated pyranopyrazole compounds were moderatgiyea
and best results were obtained.

NH,

16
a: R= 2,4-dimethoxy, b: R =3, 4, 5- trimethoxy
¢: R= 2-chloro, d: R = 3-chloro cl
e: R = 4-chloro, f: R = 4-nitro

Abidi et al [29] synthesized a series of 6-amino-4-aryl-3-mkegh4-dihydropyrano[2,3]pyrazole-carbonitrile
derivatives catalyzed by borax in water via foumpmnent coupling reaction. Tlie vitro cytotoxic activity of the
synthesized compounds was investigated againsecaed lines (SW48, A549, KB, HepG2) in compariseith
doxorubicin, a well-known anticancer drug, using M€olorimetric assay. The synthesized compoundsvetio
good and reasonable cytotoxicity compared with dalxicin in some studied cell lines Fig.4. The connpads
16a,16b, 16d in KB cell line (IC50 = 8+2.217M, 7+£2.77 uM, 7.5+1.49uM respectively),16f in A549 cell line
(IC50 = 31.5+2.02uM), 16e in HepG2 cell line (IC50 = 22.5+3.08M), 16c, and16f in SW48 cell line (IC50 =
23+0.772uM, 23+4.97uM respectively) showed the best results in closthéocontrol drug (IC50 = 6.8+0.7%8M,
6.3+£0.65uM, 5.4+0.5uM, 4.3+£0.12uM in A549, HepG2, KB, and SW48 cell lines respeetyy.

Erugu et a [30] synthesized 6-amino-5-cyno-3-trifluoromethyignopyrazole-4-spiro-oxindole derivatives and
evaluated forin vitro cytotoxicity against cell lines U937 (human hisgiic lymphoma) and B16F10 (mouse
mealanocarcinoma) by using MTT assay [31]. Totalt& compounds were tested. The potency of the oantb
17 was best when nitro group was present in spiro@édnoiety and a chlorine atom in pyrazole moidtye
potency of the compounds decreased marginally witemgroup was absent or replaced by other halggeups in
oxindole but chlorine atom still retained in pyréezmoiety.

Antiplatelet activity
An antiplatelet drug [32] is a generic term, ddsiag agents which decrease platelet aggregationiainithit
thrombus formation.

7 A X
Nl N _
N" >0 o H3CO, N" >0 "0

Huanget al. [33] synthesized a series of 1- and 2-arylme®#tdimethylpyrano[2,3-c]pyrazol-6-one derivatives
and examined for their antiplatelet activities. ®oof these compounds showed significant inhibitactivities.
Among them, 1-phenylmethyl-3,4-dimethylpyrano[2]Bycazol-6(1H)-one 18) and 2-(2'-methoxyphenyl)methyl-
3,4-dimethylpyrano[2,3-c]pyrazol-6(2H)- onel9] were the most effective. These inhibitors acted a
concentration-dependent manner.
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Chk1 kinaseinhibitory activity

The checkpoint kinase 1 (Chkl) [34] is a key conganof the DNA damage response, a molecular network
deputed to maintain genome integrity. Neverthelessicer cells aberrantly exploit these circuitsot@rcome
chemotherapy-induced cytotoxicity. Chkl inhibitdrave been developed as a chemopotentiating stratedy
different molecular mechanisms underlying the sgisen with chemotherapeutics have been uncovered.
Checkpoint-1 kinase plays an important role in G2M cell cycle control, therefore its inhibition tymall
molecules is of great therapeutic interest in oogpl [35]. The compound 4-(6-amino-3-methyl-2,4-
dihydropyrano[2,3X]pyrazol-4-yl)benzene-1,2-diol2Q) has been identified as a potential inhibitor afrtan
ChkZlkinase by Foloppet al [36].

Ramtekkart al [37] reported the virtual screening of an in-holiseary of 2499 pyranopyrazole derivatives against
the ATP-binding site of Chk1 kinase using Glide program, which resulted in six hits. All thesealigls were
docked into the site forming most crucial intera with Cys87, Glu91 and Leul5 residues.

Vasodilatory activity

Sato et al. [38] prepared the 5-aminoethylpyrano[Z]pyrazole derivatives by amination of corresponding
chloroethyl compounds. 5-(2-(diethylamino)ethyl}.4-trimethylpyrano[2,3]pyrazol-6(H)-one Q1) was found
to possess hypotensive, vasodilating and hypogliceaativities. Several pyrano[2@pyrazol-4-ones have
demonstrated an affinity toward Al and A2a adermsateptors.

Yu et al [39] demonstrated the pharmacological effects B{4(methoxyphenylmethyl)-3,4-dimethylpyrano[2,3-
c]pyrazol-6(2H)-one) 1) and (2-(2-thienylmethyl)-3,4-dimethylpyrano [2,3-c]pyrazo(2ti)-one) @2) on rat
isolated thoracic aorta have been examined. In Ipigtassium medium (60 M), C&* (0-03-3 Ma)-induced
vasoconstriction was inhibited &1 and22 (10-100ug mL™). It is concluded tha21 and 22 relaxed the rat aorta
by suppressing the €anflux through both voltage-dependent and receppmrated C4 channels.

N(CzHs), Hee  CHs He o CHs
Hec  CHs
s SR <X
X N N, _
N NT >0 g = N">0" o
0" Yo S
271 22 23
¢
\

The A receptor is responsible for regulating myocardialod flow by vasodilating the coronary arteriedyioh
increases blood flow to the myocardium, but mayl lEahypotension. Just as in feceptors, this normally serves
as a protective mechanism, but may be destruatiadtéred cardiac function.

IZ N

Colotta et al [41] synthesized a series of pyrano[2,3-c]pyrazolés and evaluated for bovine brain adenosine
A, and A receptor binding affinity. Substituent at positdn and/or 6 were varied in order to define thecstire-
activity relationships in these new kinds of adém@seceptor ligands. The most selective and pateming the
reported compounds was the 1,4-dihydro-1-phenyleBami-6-(3-aminophenyl)-pyrano[2,3-c]pyrazol-4-
one23 which showed a 27-fold selectivity for, Aeceptor and K; value of 84 nM.

Molluscicidal activity

Ismail et al [42] synthesized biodegradable agrochemcials itikectidials. Abdeleaze#t al [43, 44] synthesized
and evaluated a series of pyrano[2,3-c]pyrazol¢ #@wed moderate molluscicidal activity to Biomiainz
alexandrina snails.

Myrboh et al [45] extensively compiled the revived on the swsik of pyrano[2,&]pyrazoles. Both classical and
modern methodologies were studied for a wide waridtpyrano-[2,3€]pyrazoles, ranging from two-component
traditional reactions to four-component protocélfer first synthesis of 6-amino- pyrano[2,3-c]pycée by Junek
et al [5], several studies on multi coupling reactioms done. Vasukét al [46] reported four component green
synthesis of pyranooyrazole in water. Gogodl [46] reported the first enantioselective synthegibiologically
active 6-amino-5-cyanodihydropyrano[&;pyrazoles synthesis through a cinchona alkalei@dlgzed tandem
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Michael addition and Thorpe-Ziegler type reacti@ivieen 2-pyrazolin-5-ones and benzylidenemaloritastrThe
desired products were obtained in excellent yielith mediocre to excellent enantioselectivities 0p>99% ee)
[47, 48]. Pawaet al [49] synthesized pyranopyrazoles by multi compaorreactions. Jaybadt al [50] recently
synthesized a number of 6-amino -5-nitro pyrancf2iBrazoles Z4) by combinatorial synthesis of a the
compounds library. Application of nanopatrticlestlie synthesis was also recently explored for ngakioactive
pyrano[2,3-c]pyrazoles [51, 52].

OH OH
Ry Rz MeO
R, NH,
< CN S X
N | aN L
N™ 0" “NH, N
26 27

R1 =H, OMe, R2 = H, OMe,

R3 = Ph, R4 = Me, Et, t-Bu, Ph
D.M. Poreet al [53] reported a catalyst-free multicomponent rieec{MCR) capable of affording a wide range of
novel spiro pyranopyrazole derivatives from pyrane!.

Yang et al [54] synthesized a series of novefl,AH-dihydro-pyrano-[2,3]pyrazoles 25) and ,4H-dihydro-
pyrano[2,3€]pyrazoles 26) with aromatic aldehydes obtained from lignin.vitro antioxidant using microwave-
assisted technology and cytotoxic activities ostheompounds were evaluated. The structure actieigionship
(SAR) studies showed that the introduction of mrghgroup in aromatic groups of dihydro-pyrano[2]pyrazoles
could significantly increase their radical scaveggactivities. The substituted moieties at N or @e&ition of
dihydro-pyrano[2,3]pyrazoles could potentially influence on theiriaridant activities. These compounds might
have potential as promising agents for curing streeradical-related diseases or food additives.

Khoobi et al [55] synthesized a new series of tacrine-basedylabelinesterase (AChE) inhibitors, poly-
functionalized hybrid moleculesThe benzene ring of tacrine was replaced with syt-déhydropyrano[2,3-
c]pyrazole. Most of target compounds showed potent selective anti-AChE activity at sub-micromalange.
The docking study of compoun2i7 with AChE enzyme revealed that thB){enantiomer binds preferably to
catalytic anionic site (CAS) while th&¢tenantiomer prone to be a polyamides (PAS) binder.

CONCLUSION

It has been established that the pyrano[2,3-c]mfeais one of the most promising pharmacophore. yMan
pyrano[2,3-c]pyrazoles are biologically and pharolagy importance compounds and have been testea fo
number of therapeutic areas and found to show getiity such as anticancer, antiinflamatory, amtiwbial and
ChKZ1kinase inhibitor. This class compounds hasadlyedrawn the attention in the medicinal chemisitnyfuture
research and studies on pyrano[2,3-c]pyrazole divies may lead to enantiopure candidates witterpial
clinical application.
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