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ABSTRACT

R

INTRODUCTION

In recent times, safe, simple, high efficiency, high
selectivity, green, and sustainable synthetic procedures
have been developed in moderrn drug discovery. Green
technologies, which were developed in modern chemistry,
in which reduced hazardous substance, energy uses,
cost, waste, toxicity and improvement in selectivity,
efficiency of reactant, milder condition.l”! Worldwide,
green methodologies, which are progressing day by day on
the basis of environmentally benign transformation.!?1%

“Corresponding Author: Dr. Shafiullah

A highly efficient, simple, cost-
synthesis of dihydropyrano[2,3-c]pyrazoles via one-pot, three-component condensation of 3-methyl-1-
phenyl-2-pyrazoline-5-one, malononitrile, substituted aromatic aldehydes under visible light irradiation
in catalyst-free condition at room temperature. This methodology's main advantage is good to excellent
yield, simple work-up procedure, mild and clean reaction conditions, no chromatographic separation, and
catalyst-free condition. All synthesized compounds are screened in silico with 6LU7, which is a COVID-19
MP™, These computational studies were performed on AutoDock Vina, BIOVIA Discovery Studio 2017
R2, Auto Dock Tools-1.5.6 software. From screening results, we found that compound 4i and nitro group
compounds 4d, 4e, 4f are showing a strong correlation at the active center of 6LU7. So, it is predicted that
these compounds may be useful for COVID-19 patients.

GRAPHICAL ABSTRACT

effective, and environmentally benign method has been described for the

Q Visible-light irradiation

: Q Catalyst-free
3 Blue LEDs (48W) H,C /J\

CN _CN O Good to excellent yields
(| Ethanol /rt NI © No column purification
CN N~ 07 NH, Q Room temperature reaction

Q Avoiding of thermal energy

Green solvent combined with light, which is used to create
one-pot (MCRs) i.e multicomponent reactions, has high
potential for environmental approaches.'"12 Visible light
has a source of energy for performing green reactions in
field of organic chemistry.'3! This methodology is non-
toxic, cleaner, safer, nonpolluting, sustainable, eco-friendly,
and have renewable characteristics.'*1®! The MCRs are
an amazing tool for developing complex molecules with
maximum simplicity in modern synthetic chemistry in
which more than three available components react to
form a single product. Worldwide, MCR methodology is a
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short-time reaction, easy, efficient, and plays a vital role
in synthesizing many biologically active drugs.l'”?*! In
heterocycles chemistry, several syntheticand natural drugs
were designed successfully through MCRs.[2>2] N-Phenyl-
3-substituted 5-pyrazolone derivatives are an important
class of oxygen-containing heterocyclic moieties. N-Phenyl-
3-substituted 5-pyrazolone derivatives play a key role in
the building block of many natural compounds?8-3% and
show various biological activities such as anti-cancerl31-32,
anti-allergic,[33] anti-microbial [34, anti-inflammatory,[35]
and inhibitors of human Chk1 kinase.®®! Pyrano[2,3-c]
pyrazole ring in their core structure were exhibited a
different kind of biological activities in Fig. 1.

Several methodologies have been used for improved
of dihydropyrano[2,3-c]pyrazoles via three-component
reaction of 3-methyl-1-phenyl-2-pyrazoline-5-one,
malononitrile, and aldehyde by using different conditions
and catalysts such as ultrasound irradiation *4, jonic
liquid™*!, DABCO™®], nanosized magnesium oxide [*7], basic
catalysts,[*®! Cu0/Zr0,,*°! brovine serum albumin!®?,
imidazolel®, H;,[NaPsW3,0,,,]1°%, trichloroacetic acid
(531 p,L-proline,®* and cupreine.l>® This activiry of these
compounds are predicted with COVID-19 MP'°. This study's
prediction will give more detail that these compounds can
be utilized in vitro, in vivo, and clinical trials.

MATERIALS AND METHODS

General Experimental Procedures

3-methyl-1-phenyl-5-pyrazolone, all the aldehydes along
with malononitrile were procured from Sigma-Aldrich and
all solvents were purchased from Otto Chemie and Merck.
Stuart digital melting point apparatus (SPM 10) was used
to measure melting points and are uncorrected. Silica gel

Anti-inflammatory agents[*$]

Anti-bacteriall*™!

Uleerogenic activitiesl®] cl

e
HyNOC

Anti-cancer agents!*’]

Cl
Anti-oxidant agents*]

rRooC AT
P
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Fig. 1: Some biologically active molecules containing pyrano[2,3-c]
pyrazole moiety.
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(GF,5,4) plates were used for TLC analysis. Infrared spectra
analysis was measured using KBr pellets on a Perkin-Elmer
10.4.00 IR spectrophotometer. NMR spectra (500 MHz
for 'H-NMR, 125 MHz for 3C-NMR, 'H-'H COSY, HSQC,
and HMBC) of products were recorded on Bruker Avance
Neo spectrometer using DMSO as a solventand TMS as an
internal reference. Mass spectra of synthesized compounds
were analyzed on XEVO G2-XS QTOF instrument.

Synthesis of Dihydropyrano|[2,3-c]pyrazoles
derivatives (4a-1)

A combination of substituted aldehyde (aromatic) (1 mmol)
and malononitrile (1 mmol) were added in 5 ml ethanol
with a magnetic stirrer in a 50 ml round-bottom flask
under visible light irradiation using 48W blue LED strip
at room temperature. 3-methyl-1-phenyl-2-pyrazoline-5-
one was added to the reaction mixture when intermediate
was formed and monitored by TLC. The monitoring of the
stirring reaction mixture was done by TLC for 6h at room
temperature. After completion of the reaction, white solid
mass was precipitated, which filtered and washed with
cold EtOH. Finally, the product was further purified by
recrystallization using a solvent mixture of CH;CN and
chloroform.

Spectral Data of Synthesized Compounds
6-amino-4-(2,4-dichlorophenyl)-3-methyl-1-phenyl-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile (4a): Obtained
as white solid; yield: 88%; mp 190 °C; IR (KBr, cm'l]: 3457,
3324, 2197, 1659, 1589, 1519, 1393, 1268, 1126, 1068,
1029, 815, 757, 690; 'H-NMR (500 MHz, DMS0-d6) § 1.78
(s,3H, CH;), 5.15 (s, 1H, CH), 7.33 (m, 3H, ArH + NH,), 7.38
(m, 1H, ArH), 7.43 (dd,] = 8.4, 2.1 Hz, 1H, ArH), 7.49 (m, 2H,
ArH),7.62 (d,] = 2.15 Hz, 1H, Ar), 7.79 (d, ] = 7.6, 2H, ArH);
13C-NMR (125 MHz, DMS0-d6) § 12.21, 33.47, 56.10,97.17,
119.37, 119.92, 126.15, 127.98, 128.81, 129.20, 132.37,
132.40, 132.97, 137.33, 139.14, 144.16, 144.70, 1259.82.
EI-MS: Anal. Calcd for [C,,H;5C1,N,0 + H*]: 397.07; found,
397.06.
6-Amino-4-(3,4,5-trimethoxy-phenyl)-3-methyl-1-phenyl-
1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile (4i):
Isolated as white solid; yield: 91%; mp 190 °C; IR (KBr,
cm™):3461,3323, 2197, 1662, 1592, 1521, 1459, 1425, 1390,
1325,1235, 1128, 1069, 766; 'H-NMR (500 MHz, DMS0-d6)
§1.87 (s,3H,CH3), 3.65 (s, 3H,0CH;), 3.74 (s, 3H, 2 x OCH3),
4.66 (s, 1H,CH), 6.56 (s, 2H, ArH), 7.21 (s, 2H,NH,), 7.31 (t,
J =74 Hz, 1H, ArH), 748 (t,/ = 7.6 Hz, 2H, ArH), 7.80 (d, ]
=7.7 Hz, 2H, ArH); 13C-NMR (125 MHz, DMS0-d6) § 12.70,
36.91, 55.78, 57.73, 59.87, 98.25, 104.87, 119.75, 119.99,
125.98, 129.20, 136.27, 137.48, 139.13, 143.70, 145.26,
152.76, 159.45.
6-Amino-4-(thiophen-2-yl)-3-methyl-1-phenyl-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile (4k): I1solated
as white solid in colour; yield: 86%; mp 180 °C; IR (KBr,
cm™): 3453, 3319, 2198, 1659, 1592, 1516, 1389, 1125,
1066, 753, 705; 'H-NMR (500 MHz, DMS0-d6) § 1.92 (s,
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3H, CH;), 5.09 (s, 1H, CH), 6.98 (m, 1H, ArH), 7.0 (d,] = 3.4
Hz, 1H, ArH), 7.29 (s, 2H, NH,), 7.34 (t,] = 7.45 Hz, 1H, ArH),
7.43 (d, ] = 5.05 Hz, 1H, ArH), 7.49 (t, ] = 8.5 Hz, 2H, ArH),
7.78 (d, ] = 7.65 Hz, 2H, ArH); 13C-NMR (125 MHz, DMSO-
de6) § 12.40, 31.82, 58.43, 98.53, 119.68, 119.82, 124.89,
125.33, 126.16, 126.59, 129.28, 137.31, 143.32, 145.31,
148.68, 159.12. EI-MS: Anal. Calcd for [C,4H,4,N,OS + H']:
335.11; found, 335.09.

Molecular Docking Studies

Crystal structure of ligands (N-Phenyl-3-substituted
5-pyrazolone derivatives) were carried out using
software Chem 3D Pro 12.0. The energy minimization
of all synthesized derivatives were done. The computer
gasteiger charge was added and non-polar hydrogen
was merged in all ligands by Auto Dock Tool software. At
last, ligands were saved as in pdbqt file. The structure of
COVID-19 MP™ was used for the target, which was retrieved
from the RCSB website. PDB ID of this protein is 6LU7 and
resolution 2.16 A°. Downloaded protein was opened on
BIOVIA Discovery Studio software and water molecules,
ligand from protein was removed. Next, the protein was
loaded on Auto Dock Tools software, and polar hydrogen,
gasteiger charge was added. The grid was generated
with dimensions and center at the active center of the
protein with ligand interaction point. Finally, docking of
all synthesized products was completed by Auto Vina.

RESULTS AND DISCUSSION

Initially, we studied a series of the three-component
reactions of 3-methyl-1-phenyl-2-pyrazoline-5-one,
malononitrile, and aromatic aldehyde in 5 mL ethanol
using 48 W blue LED strips under catalyst-free condition
atroom temperature. TLC monitored progress of reaction
and consumption of starting materials. Reaction was

Table 1: Optimization of the Reaction Conditions for the synthesis
of compound 4a*

Cl

CHy CHO CHs o
N cN N
. . N BlUe LEDS (48W) N
anoj / r
o cN cl Ethanol / it o CN
cl NH,
1 2 3 sa

Entry Solvent Time (h) 1:2:3 (mmol) Yield of 4° (%)

1 CH,CI, 12 1:1:1 Trace
2 EtOAc 12 1:1:1 Trace
3 H,0 12 1:1:1 Trace
4 CH,;CN 10 1:1:1 48
5 EtOH 6 1:1:1 88
6 DMF 10 1:1:1 65
7 Glycerol 10 1:1:1 68
8 Methanol 6 1:1:1 82
9 EtOH/H,0 (1:1) 8 1:1:1 72

#Reaction conditions: 3-methyl-1-phenyl-2-pyrazoline-5-one (1
mmol), malononitrile (1 mmol), 2,4-dichloro benzaldehyde, under
blue LED (48 W) at room temperature. PIsolated yields.

successfully completed and give 88% yield of product 4a
in 6 hours. Structure of product 4a, was confirmed by
melting point and spectroscopic studies, like IR, 'H-NMR,
13C-NMR, and MASS (Table 3, entry 1). Next, we performed
the reaction in different solvents such as dichloromethane,
ethyl acetate, water, acetonitrile, ethanol, DMF, glycerol,
methanol and ethanol/water 1:1 (Table 1, entries 1-9). In
the case of dichloromethane, ethyl acetate, water, giving
yield in trace in 12 h at room temperature. The yield of
product was improved when the reaction was performed in
acetonitrile (48%), DMF (65%), glycerol (68%), methanol
(82%), respectively. It was found that a better yield (88%)
was offered in ethanol solvent (Table 1, entry 5).

Next, we investigated reaction using blue LED of
different intensities such as 12 W, 24 W, 36 W, and 48 W.
When we used 12 W blue LED for this reaction, it provides
desired product4ainlower yields (Table 2, entry 4). Yields
of products were increased in same when used blue LED of
24 W and 36 W (Table 2, entries 2-3). Better yields 88% of
product 4a was offered when 48 W blue LED was used for
6 hours at room temperature (Table 2, entry 1).

After determining the optimized conditions, we
started our reactions with benzaldehyde, malononitrile,
and 3-methyl-1-phenyl-2-pyrazoline-5-one under
optimized reaction conditions and obtained the desired
dihydropyrano[2,3-c]pyrazoles derivative 4b in 87% yield
within 6 hours (Table 3, entry 2). Next, we performed of
reactions with substituted aromatic aldehydes such as
4-NO,, 3-NO,, 2-NO,, 4-OMe, 4-C], 3,4-di-OMe, 3,4,5-tri-
OMe, 4-Et with 3-methyl-1-phenyl-2-pyrazoline-5-one,
and malononitrile under optimized reaction conditions,
affording the corresponding dihydropyrano[2,3-c]
pyrazoles derivatives (4c-4j) in good to excellent yields
(Table 3, entries 3-10). Similarly, this reaction was also
performed under the same reaction condition with
hetero-aldehydes such as thiophene-2-carboxaldehyde and
pyridine-3-carboxaldehyde, afforded products (4k-41) in
86-87% yields (Table 3, entries 11-12). Excitingly, It has
been observed that aromatic substituted benzaldehyde
afforded products smoothly with electron-withdrawing
groups as well as electron-donating groups.

Table 2: Optimization of visible light intensity for synthesis of
compound 4a?

Cl

Chy CHO CHy
N L N BIUe LEDS (48W) ;‘ °
N
R CN cl Ethanol / rt o cN
cl NH,
1 2 3 4a
Entry Visible light intensity Time (h) Yield %
1 48 W (Blue LED) 6 88
2 36 W (Blue LED) 7 82
3 24 W (Blue LED) 7 80
4 12 W (Blue LED) 8 74

2All reactions were carried out using visible light at room
temperature. PIsolated yields.
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Table 3: Substrate scope for the synthesis of MO e
dihydropyrano[2,3-c]pyrazoles derivatives® cHo L one
N 194-
s cHo cHy R 9 o . on 5 91 190
N . ON, Blue LEDS (48W) N e ome o ¢ NH, 19658
N N Ethanol / rt N 4
o R o CN
NH, CHO Et
1a 2a 3a 10 CHy 7 83 181  ----
4a N
N
En- R! Product® Time Yield® MP  Reported = o
try (h) (%) (0 MP(C) .
|
CHy ¢ CHy
cHo N 11 s CHO N s 8 86 180 172-
cl N cl 184- N 1741561
1 o N6 88 190 5 o N
cl NH, 185056 NH,
4a 4k
CHO CH,
CH, 12 N N 6 87 216 213-
N N " o 21569
CHO N o
_ NH,
2 (0] CN 6 87 174 1;2[56] 4
NH,
4 dReactions were performed with 3-methyl-1-phenyl-2-pyrazoline-
5-one (1 mmol), malononitrile (1 mmol), and substituted
NO, aromatic aldehydes (1 mmol) under visible light irradiation (48
cHo Lo W) at room temperature.
N 195- :
3 N 5 92 197 TR e e A
. ° 1961561 ) SN . {5 FheN
ConN= R N=h b d g
* - i e {\I "‘N"\J
| 5_/5CN b/ CN |C Y STz%en
4 e ‘-\‘. -/ Sa wq
CH, s ° NH, L ‘) NH; NH;
N NO,
ere N Fig. 2: (A) Structure (B) COSY (c) HMBC correlation of product (4r).
4 o % 5 85 190 188
NO, NH, 19056

All the synthesized products were characterized by
melting point and spectroscopic techniques such as IR,
'H-NMR, '3C-NMR, COSY, HSQC, HMBC and MASS. From

cHy the IR spectrum of compound 4k (Table 3, entry 11),

0 e, . e 174 frequencies of strong absorption bands appeared at

5 o " 6 82 175 1771601 3453, 3319, and 2198 cm-1 due to NH2 and CN. 'H-NMR
s spectrum of 4k showed the singlet peaks at§,; 1.92 (s, 3H),

5.09 (s, 1H), and 7.29 (broad s, 2H) which corresponds to

the -CH,, -CH, and -NH, groups, respectively. The "H-NMR

cHy decoupled '3C-NMR experiments showed the presence

N 176- of 16 distinct signals with characteristic peaks at §. =

6 . © 6 88 178 yogise 124, 31.82, 119.68, 159.12, 145.31 ppm due to —~CH,,

af CH-thiophene, -CN, CH-NH,, C=N-N carbons, respectively.

COSY data of compound 4k showed a correlation between

o Oy 7.77 (H-2") and 8 7.49 (H-3") as well as §,; 7.49 (H-3")

cro N and 7.32 (H-4") in N-phenyl ring. COSY correlation in the

" o 6 87 174 175 4-thiophene ring were observed between §,;7.0 (H-3") and

a 177§ 6.97 (H-4') as well as 8, 6.97 (H-4') and 8, 7.43 (H-5").

o In HMBC experiment, H-4 (84 5.09) correlated to C-5 (6c

58.43), C-8 (6c 148.68), C-9 (6c 98.53), C-2’ (6c 143.32),

owe C-3’ (6c 124.89), CN (6c 119.68). Similarly, methyl proton

cro N owe (6 1.92) showed connectivity to C-3 (8¢ 145.31), C-9 (8¢

8 e R 5 89 194 193{57} 98.53). HMBC correlation of NH, proton (§y 7.29) was

oue i 195 observed from C-6 (8c 159.12). The structure of 4k, COSY

correlation, and HMBC correlation were summarized in
Fig. 2 and 3.
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Fig.3: 'H-NMR and '3C-NMR assignment of product 4r.
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Fig. 4: Synthesis of the dihydropyrano|2,3-c]pyrazoles showing
plausible reaction mechanism.

Finally, a plausible mechanistic pathway was proposed
for dihydropyrano|[2,3-c]pyrazoles derivatives synthesis
in blue LED is illustrated in Fig. 4. We consider that
the initial step involves the condensation reaction
of malononitrile with aromatic aldehydes through
mechanochemical activation underirradiation with visible
lightto produce intermediate A. Photochemical activation
seems in the second step, which has a definite role. Then,
visible light activates the benzylidene malononitrile
intermediate B to form free radical intermediate C.
Then, Intermediate C play a role in abstract a methylenic
hydrogen from malononitrile, generating malononitrile
radical, which in turn abstracting hydrogen from
3-methyl-1-phenyl-2-pyrazoline-5-one, generating
intermediate E. Then, E further reacts with intermediate
D, which generating intermediate F. Then, intramolecular

Fig. 5: Visulization of molecular docking of 6LU7 with compounds
(ball and stick)

cyclization of intermediate F provides the desired
product 4b.

Docking Prediction With COVID-19 MP™

Prediction of binding energy between all synthesized
ligands and COVID-19 MP™ are calculated (in silico). The
binding energy of all ligands is compared with chloroquine
(-5.6 Kcal/mole) and hydroxychloroquine (-4.6 Kcal/mole).
At present, these drugs are highly effective in clinical
practice for COVID-19 patients and after ethical approval
as a trial as stated by the WHO.[°?] These are used as a
standard.

6LU7 is the main protease (MP'®), which is present in
COVID-19. These proteases were demonstrated by Chinese
researchers, which is a potential drug target. Screening
of all synthesized compounds are performed with these
MP'®, Compound 4i shows high binding energy -7.6 Kcal/
mole with 6LU7 protein, as summarized in Figs 5-7.
The conventional hydrogen binding, pi-donar hydrogen
binding, and alkyl/pi-alkyl hydrophobic binding are
displayed with amino acid Leu, Tyr, Met, at the active site of
6LU7. Interaction of compound 4i is completed with 6LU7
by the formation of classical hydrogen binding interaction
of -NH2 group with amino acid Leu-272 ata distance 3.02,
pi-donar hydrogen binding interaction of benzene ring
with amino acid Tyr-239 at a distance 3.44, and alkyl and
pi-alkyl hydrophobicinteraction with amino acid Leu-287
at a distance 4.63, 4.76, 5.16, and Met-276 at a distance
3.59. Compound 4d shows binding energy -7.5 Kcal/mole

Int. J. Pharm. Sci. Drug Res. January-February, 2021, Vol 13, Issue 1, 1-8 5
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4i

' u

4e

Fig. 6: 3D and 2D interaction of synthesized compounds at active
site of 6LU7.

(Figs 5-7). Conventional hydrogen bond, pi-donar hydrogen
bond, and alkyl/pi-alkyl hydrophobic bond are found
with amino acid Leu, Tyr at active center of 6LU7. Binding
interaction of compound 4d is successfully completed
with 6LU7 by hydrogen binding interaction of NH2 group
with amino acid Leu-272 at a distance 2.88, benzene ring
with amino acid Tyr-239 at distance 3.48, and hydrophobic
interaction with amino acid Leu-287 at distance 4.75,
4.79, 5.16 and Met-276 at a distance 3.54. Compound 4e
has interacted with binding energy -7.3 Kcal/mole (Fig.
5,6,7). Compound 4e is interacted with 6LU7 protein by
conventional hydrogen binding of NH2 with amino acid
Glu-288 at a distance 2.08, pi-cation binding of benzene
ring with amino acid Phe-291 at a distance 3.49, pi-pi
T-shaped binding of hetero ring with amino acid Lys-5
4.72, and alkyl/pi-alkyl hydrophobic binding with amino
acid Lys-5 at a distance 4.37, 4.50, 5.22. Binding energies
of compounds 4a, 4b, 4c, 4f, 4g, 4h, 4j, 4k, 4] are showed in
renge from -6.2 Kcal/mole to -7.1 Kcal/mole. Structures of
these compounds are visualized (Fig. 5).

The structure activity relationship (SAR) of all
compounds are shown in Fig. 7. Compound 4i is more active
because strong correlation with binding energies 7.6 Kcal/
mole. Nitro group compounds such as 4d-fare showed high
activity with binding energies 7.1 Kcal/mole, 7.5 Kcal/
mole, and 7.3 Kcal/mole, in which a strong correlation
is found of compound 4e. 4-ethyl and 3-methoxy group
compounds 4j and 4g are showed moderate activity with
binding energy -7.1 Kcal/mole and -7.0 Kcal/mole. Hetero
compounds 4k and 41 are showed weak activity because

Int. J. Pharm. Sci. Drug Res. January-February, 2021, Vol 13, Issue 1, 1-8

Fig. 7: Structure activity relationship (SAR) of all synthesized
compounds with 6LU7 MP™,

of weak correlation with binding energies -6.5 Kcal/mole
and -6.9 Kcal/mole. From SAR, it is predicted that nitro
group compounds 4d, 4e, 4f are high active and maybe
useful in the treatment of COVID-19.

CONCLUSION

In summary, we have successfully developed a highly
efficient, cost-effective, visible light activated one pot
multicomponent componentreaction of 3-methyl-1-phenyl-
2-pyrazoline-5-one, malononitrile, substituted aromatic
aldehydes for the synthesis of dihydropyrano[2,3-c]
pyrazoles derivatives under catalyst-free conditions at
room temperature. The noteworthy point of these protocol
are environmentally benign reaction conditions, high atom
economy, good to fantasticyields, easy workup procedure.
The synthesized compounds are tested in silico with
COVID-19 MP™, All compounds (4a-1) are successfully
docked with 6LU7 protein, in which 4i compound shows
high inhibitory activity with strong correlation. This
prediction may be useful for experimental work in vitro,
and in vivo.

ACKNOWLEDEMENTS

We are thankful to the Chairman, Department of
Chemistry, AMU, Aligarh, for providing research facilities.
The authors are also grateful to UGC, New Delhi, India for
institutional fellowship.

REFERENCES

1. Anastas PT, Kirchhoff MM. Origins, Current Status, and Future
Challenges of Green Chemistry. Acc Chem Res. 2002;35(9):686-694.

2. Baird C. Environmental Chemistry, 2nd Edition. W.H. Freeman and
Company, New York, 1999.

3. Anastas P, Heine LG, Williamson TC. Green Chemical Syntheses and
Processes. Oxford University Press, New York, 2000.




Visible Light Promoted, Sustainable Synthesis of Dihydropyrano [2,3-C] Pyrazoles and Docking Studies with COVID-19 MP™

4. Matlack AS. Introduction to Green Chemistry. Marcel Dekker, New
York. 2001.

5. Lancaster M. Green Chemistry: An Introductory Text. Royal Society
of Chemistry, Cambridge, UK, 2002.

6. Anastas PT. Warner JC. Green Chemistry, Theory and Practice.
Oxford University Press, Oxford, UK, 1998.

7. Lancaster M. Handbook of Green Chemistry and Technology.
Blackwell Publishing, Abingdon, 2002.

8. Bruckmann A, Krebs A, Bolm C. Organocatalytic reactions: effects
ofball milling, microwave and ultrasound irradiation. Green Chem.
2008;10:1131-1141.

9. HorvathIT. Solvents from nature. Green Chem.2008;10:1024-1028.

10. Crabtree RH, Anastas PT. Handbook of Green Chemistry. Plat Metals
Rev. 2010;54(4):233-238.

11. Ghosh PP, Paul S, Das AR. Light induced synthesis of symmetrical
and unsymmetrical dihydropyridines in ethyl lactate-water under
tunable conditions. Tetrahedron Lett. 2013;54(2):138-142.

12.Rai P, Rahila, Sagir H, Siddiqui IR. Visible light and aqueous ethanol
synergy: an efficient one-pot route for the synthesis of spiropyran
derivatives. Chemistry Select. 2016;1:4550-4553.

13.Ciamician G. The photochemistry of the future. Science.
1912;36(926):385-394.

14.Chen JR, Hu XQ, Lu LQ, Xiao W]. Exploration of visible-light
photocatalysis in heterocycle synthesis and functionalization:
reaction design and beyond. Acc Chem Res. 2016;49(9):1911-1923.

15.Lang X]J, Chen XD, Zhao JC. Heterogeneous visible light
photocatalysis for selective organic transformations. Chem Soc
Rev. 2014;43:473-486.

16.BalzaniV, Bergamini G, Ceroni P. Light: A very peculiar reactantand
product. Angew Chem Int Ed. 2015;54(39):11320-11337.

17. Kappe CO. High-speed combinatorial synthesis utilizing microwave
irradiation. Curr Opin Chem Biol. 2002;6(3):314-320.

18.Nair V, Rajesh C, Vinod AU, Bindu S, Sreekanth AR, Mathen JS,
Balagopal L. Strategies for Heterocyclic Construction via Novel
Multicomponent Reactions Based on Isocyanides and Nucleophilic
Carbenes. Acc Chem Res. 2003;36(12):899-907.

19. Ramon DJ, Yus M. Asymmetric multicomponentreactions (AMCRs):
the new frontier. Angew Chem Int Ed. 2005;44:1602-1634.

20.Domling A. Recent Developments in Isocyanide Based
Multicomponent Reactions in Applied Chemistry. Chem Rev.
2006;106(1):17-89.

21.Benetti S, Romagnoli R, De Risi C, Spalluto G, Zanirato V. Mastering
B-Keto Esters. Chem Rev. 1995;95(4):1065-1114.

22.Langer P. Regio- and Diastereoselective Cyclization Reactions of
Free and Masked 1,3-Dicarbonyl Dianions with 1,2-Dielectrophiles.
Chem Eur].2001;7(18):3858-3866.

23.Langer P. Cyclization Reactions of 1,3-Bis-Silyl Enol Ethers and
Related Masked Dianions. Synthesis. 2002;04:441-459.

24.Simon C, Constantieux T, Rodriguez]. Utilisation of 1,3-Dicarbonyl
Derivatives in Multicomponent Reactions. Eur ] Org Chem.
2004;4957-4980.

25.Alvim HGO, Correa JR, Assumpcao JAF, Da Silva WA, Rodrigues
MO, De Macedo JL, Fioramonte M, Gozzo FC, Gatto CC, Neto BAD.
Heteropolyacid-Containing Ionic Liquid-Catalyzed Multicomponent
Synthesis of Bridgehead Nitrogen Heterocycles: Mechanisms and
Mitochondrial Staining. ] Org Chem. 2018;83(7):4044-4053.

26.Toure BB, Hall DG. Natural product synthesis using multicomponent
reaction strategies. Chem Rev. 2009;109(9):4439-4486.

27. Ramon DJ, Yus M. Asymmetric multicomponent reactions (AMCRSs):
the new frontier. Angew Chem Int Ed. 2005;44(11):1602-1634.
28.Hatokeyamas, Ochi N, Numata H, Takano S. Anewroute to substituted

3-methoxycarbonyldihydropyrans; enantioselective synthesis of (-)-
methyl elenolate. ] Chem Soc Chem Commun. 1988;17:1202-1204.
29.Eiden F, Denk F. Synthesis of CNS-activity of pyran derivatives:
6,8-dioxabicyclo(3,2,1)octane. Arch Pharm. 1991;324(6):353-354.
30.Zonouz AM, Moghani D, OkhraviS. A facile and efficient protocol for
the synthesis of 2-amino-3-cyano-4H-pyran derivatives atambient
temperature. Curr Chemistry Lett. 2014;3(2):71-74, 2014.

31.Hyama T, Saimoto H. Jpn. KoKai Tokkyo Koho, JP 62181276. 1987.

[Chem. Abstr. 1988, 108:37645p].

32.Wang]JL, Liu D, Zhang Z], Shan S, Han X, Srinivasula SM, Croce CM,
Alnemri ES, Huang Z. Structure-based discovery of an organic
compound that binds Bcl-2 protein and induces apoptosis of tumor
cells. Proc Natl Acad Sci USA. 2000;97(13):7124-9.

33.Witte EC, Neubert P, Roesoh A. Ger Offen DE3427985.1986. [Chem.
Abstr. 1986, 104:224915f].

34.Smith PW, Sollis SL, Howes PD, Cherry PC, Starkey ID, Cobley
KN, Weston H, Scicinski], Merritt A, Whittington A, Wyatt P, Taylor
N, Green D, Bethell R, Madar S, Fenton R], Morley PJ, Pateman
T, Beresford A. Dihydropyrancarboxamides related to zanamivir:
anew series of inhibitors of influenza virus sialidases. 1. Discovery,
synthesis, biological activity, and structure-activity relationships
of 4-guanidino- and 4-amino-4H-pyran-6-carboxamides. ] Med
Chem. 1998;41(6):787-97.

35.Zaki ME, Soliman HA, Hiekal OA, Rashad AE. Pyrazolopyranopy-
rimidines as a class of anti-inflammatory agents. Z. Naturforsch C
Biosci. 2006;61(1):1-5.

36.Foloppe N, Fisher LM, Howes R, Potter A, Robertson AG, Surgenor
AE. Identification of chemically diverse Chk1 inhibitors by
receptor-based virtual screening. Bioorg Med Chem. 2006;14(14):
4792-4802.

37.Saundane AR, Walmik P, Yarlakatti M, Katkar V, Vaijinath A.
Verma. Synthesis and Biological Activities of Some New Annulated
Pyrazolopyranopyrimidines and Their Derivatives Containing
Indole Nucleus. ] Heterocyclic Chem. 2014;51(2):303-314.

38.Magda MF, Ismail, Khalifa NM, Fahmy HH, Nossier ES, Abdullad
MM. Design, Docking, and Synthesis of Some New Pyrazoline
and Pyranopyrazole Derivatives as Anti-inflammatory Agents. ]
Heterocyclic Chem. 2014;51(2):450-458.

39. Ambethkar S, Padmini V, Bhuvanesh N. A green and efficient
protocol for the synthesis of dihydropyrano[2,3-c]pyrazole
derivatives via a one-pot, four component reaction by grinding
method. ] Advan Res. 2015;6(6):975-985.

40.Mohamed NR, Khaireldina NY, Fahmyb AF, El-Sayed AA. Facile
synthesis of fused nitrogen containing heterocycles as anticancer
agents. Der Pharma Chemica. 2010;2(1):400-417.

41.Myrboh B, Mecadon H, Rohman R, Rajbangshi M, Kharkongor I,
Laloo BM, Kharbangar I, Kshiar B. Synthetic Developments in
Functionalized Pyrano[2,3-c|pyrazoles. AReview. Org Prep Proced
Int. 2013;45:253-303.

42.Das D, Banerjee R, Mitra A. Bioactive and pharmacologically
important pyrano[2,3-c]pyrazoles. ] Chem and Pharma Res.
2014;6(11):108-116.

43.Yan C, Theodorescu D, Miller B, Kumar A, Kumar V, Ross D, Wempe
MF. Synthesis of novel Ral inhibitors: An in vitro and in vivo study.
Bioorg & Med Chem Lett. 2016;26:5815-5818.

44.PengY,SongG, Dou R. Surface cleaning under combined microwave and
ultrasound irradiation: flash synthesis of 4H-pyrano|2,3-c]pyrazolesin
aqueous media. Green. Chem. 2006;8:573-575.

45.Yu ], Wang H. Green Synthesis of Pyrano[2,3-d]-pyrimidine
Derivatives in lonic Liquids. Synth Commun. 2005;35:3133-3140.

46.Safari E, Hasaninejad A. One-pot, Multi-Component Synthesis of
Novel Bis-Spiro Pyranopyrazole Derivatives in the Presence of
DABCO as an Efficient and Reusable Solid Base Catalyst. Chemistry
Select. 2018;3(12):3529-3533.

47. Babaie M, Sheibani H. Nanosized magnesium oxide as a highly
effective heterogeneous base catalyst for the rapid synthesis of
pyranopyrazoles via a tandem four-component reaction. Arab ]
Chem. 2011;4(2):159-162.

48.Vasyun’kina TN, Bykova LM, Plotkin VN, Ramsh SM. Synthesis of
1,4-Dihydropyrano[2,3-c]pyrazole Derivatives. Russ ] Org Chem.
2005;41:742-744.

49.Maddila S, Rana S, Pagadala R, Kankala S, Maddila S, Jonnalagadda
SB. Synthesis of pyrazole-4-carbonitrile derivatives in aqueous
media with CuO/Zr02 as recyclable catalyst. Catal Commun.
2015;61:26-30.

50.Dalal KS, Tayade YA, Wagh YB, Trivedi DR, Dalal DS, Chaudhari BL.
Bovine serum albumin catalyzed one-pot, three-component synthesis
of dihydropyrano|2,3-c]pyrazole derivatives in aqueous ethanol. RSC
Adv. 2016;6:14868-14869.

Int. J. Pharm. Sci. Drug Res. January-February, 2021, Vol 13, Issue 1, 1-8 7



Mohd Rehan et al.

51. Siddekha A, Nizam A, Pasha MA. An efficient and simple approach
for the synthesis of pyranopyrazoles using imidazole (catalytic)
in aqueous medium, and the vibrational spectroscopic studies on
6-amino-4-(4"-methoxyphenyl)-5-cyano-3-methyl-1-phenyl-1,4-
dihydropyrano[2,3- c]pyrazole using density functional theory.
Spectrochem Acta A.2011;81(1):431-440.

52.Heravi MM, Ghods A, Derikvand F, Bakhtiari K, Bamoharram FF.
Hy,[NaP;W;,0,,,] catalyzed one-pot three-component synthesis
of dihydropyrano[2,3-c]pyrazole and pyrano[2,3-d]pyrimidine
derivatives. ] Iran Chem Soc. 2010;7:615-620.

53.Karimi-Jaberi Z, ReyazoShams MM. Trichloroacetic acid as
a solid heterogeneous catalyst for the rapid synthesis of
dihydropyrano[2,3- c]pyrazoles under solvent-free conditions.
Heterocycl Commun. 2011;17:177-179.

54.Guo SB, Wang SX, Li]T. D,L-Proline-Catalyzed One-Pot Synthesis of
Pyransand Pyrano[2,3-c]pyrazole Derivatives by a Grinding Method
under Solvent-Free Conditions. Synth Commun.2007;37:2111-2120.

55.Gogoi S, Zhao CG. Organocatalyzed enantioselective synthesis of
6-amino-5-cyanodihydropyrano[2,3-c]pyrazoles. Tetrahedron
Lett. 2009;50(19):2252-2255.

56.Tahmassebi D, Blevins JE, Gerardot SS. Zn(L-proline)2 as an
efficient and reusable catalyst for the Multi-component synthesis
of pyran-annulated heterocyclic compounds. Appl Organometal
Chem. 2019;33:e4807.

57. Shi D, Mou ], Zhuang Q, Niu L, Wu N, Wang X. Three-Component
One-Pot Synthesis of 1,4-Dihydro- pyrano[2,3-c]pyrazole
Derivatives in Aqueous Media. Synth Commun. 2004;34(24):4557-
4563.

58.Nazari S, Keshavarz M. Amberlite-Supported L-Prolinate: A Novel
Heterogeneous Organocatalyst for the Three-Component Synthesis
of 4H-Pyrano[2,3-c]pyrazole Derivatives. Russ | Gen Chem.
2017;87(3):539-545.

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

60.Zolfigol MA, Navazeni M, Yarie M, Ayazi-Nasrabadi R. Application
of a biological-based nanomagnetic catalyst in the synthesis of
bis-pyrazols and pyrano[3,2-c]pyrazoles. Appl Organomet Chem.
2017;31:e3633.

61.Hamrahian SA, Salehzadeh S, Rakhtshah ], Babaei FH, Karami
N. Preparation, characterization and catalytic application of
molybdenum Schiff-base complex immobilized on silica-coated
Fe304 as a reusable catalyst for the synthesis of pyranopyrazole
derivatives. Appl Organomet Chem. 2019;33:e4723.

62.Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A
systematic review on the efficacy and safety of chloroquine for the
treatment of COVID-19. ] Crit Care. 2020;57:279-283.

HOW TO CITE THIS ARTICLE: Rehan M, Shafiullah. Visible light promoted catalyst free, the sustainable synthesis of dihydropyrano [2,3-c] pyrazoles
and docking studies with COVID-19 MP™. Int. J. Pharm. Sci. Drug Res. 2021;13(1):1-8. DOI: 10.25004/IJPSDR.2021.130101

Int. J. Pharm. Sci. Drug Res. January-February, 2021, Vol 13, Issue 1, 1-8




