
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
M

ay
 2

02
0.

 D
ow

nl
oa

de
d 

on
 7

/2
2/

20
25

 1
0:

23
:1

0 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Cascade annulat
Department of Chemistry, Pondicherry Unive

bhakthadoss@yahoo.com

† Electronic supplementary information
1977496. For ESI and crystallographic dat
DOI: 10.1039/d0ra03400b

Cite this: RSC Adv., 2020, 10, 19003

Received 16th April 2020
Accepted 11th May 2020

DOI: 10.1039/d0ra03400b

rsc.li/rsc-advances

This journal is © The Royal Society o
ion reaction (CAR): highly
diastereoselective synthesis of pyranopyrazole
scaffolds†

Manickam Bakthadoss * and Manickam Surendar

An unprecedented domino protocol for the novel synthesis of highly diverse and functionalized tetrahydro

pyranopyrazole scaffolds using chalcone epoxide has been reported for the first time. This synthetic

protocol generates three consecutive stereogenic centres in a highly diastereoselective manner with the

formation of vicinal diol and a quaternary carbon centre. A wide range of substrates were utilized for the

scope of this methodology and provided very good yields of pyranopyrazoles. The pyranopyrazoles were

also transformed into densely functionalized tetrasubstituted olefins.
Fig. 1 Some representative examples of bioactive pyranopyrazole
scaffolds.
Introduction

Pyrazole and its derivatives are a versatile class of organic
molecules, widely distributed in pharmaceuticals and agro-
chemicals, exhibiting a wide range of biological activities.1 In
leading drugs, such as Viagra2a and Celebrex,2b they are present
as the integral part, and therefore the synthesis of pyrazole
motifs is considered important in the pharmaceutical indus-
try.2c The design of cyclic ethers3 and its substructures is an
important synthetic target material in organic chemistry since
they form the structural nuclei of numerous natural products.4

Moreover, several types of bioactive molecules having wide
medical and agrochemical applications contain a pyranopyr-
azole ring. The fused pyrazole5 molecular entities, display
numerous biological activities such as anti-HIV,6 antimicro-
bial,7 antibacterial and antifungal,8 anticancer,9 and anti-
inammatory activity.10 Some of the representative examples
of bioactive tetrahydropyranopyrazoles are shown in Fig. 1.

On the other hand, epoxides have attracted considerable
attention as they play a very important role in organic synthetic
chemistry,11 as well as in the pharmaceutical industry.12

Particularly, the relative ease of preparation of chalcone epox-
ides makes them a promising starting material for the prepa-
ration of various heterocyclic compounds.13 Due to the
importance of pyranopyrazole framework in pharmacological
and biological studies, particularly in the designing of new drug
candidates, several groups have focused their efforts in the
synthesis of pyranopyrazole scaffolds. For example, pyranopyr-
azoles have been synthesized via one-pot, Michael/Wittig/oxa-
rsity, Pondicherry 605014, India. E-mail:

(ESI) available. CCDC 1943125 and
a in CIF or other electronic format see

f Chemistry 2020
Michael reaction sequence,14 solvent free multicomponent
cascade reaction,15 NHC catalyzed annulation reaction,16 and
through the reaction of isatylidine b, g-unsaturated a-ketoester
and enynones with pyrazolones17 (Scheme 1). Even though
various methods are present in the literature to synthesize
pyranopyrazoles, a new and practical alternative protocol for the
synthesis of pyranopyrazoles is remarkably essential. To the
best of our knowledge, the construction of the pyranopyrazole
Scheme 1 Reported methods and present approach for the synthesis
of pyranopyrazole scaffolds.
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derivatives using chalcone epoxide and pyrazolone has not been
reported so far in the literature. Hence, we design the rst
methodology to synthesize pyranopyrazoles via a cascade
annulation reaction (CAR) using chalcone epoxide 1 and pyr-
azolone 2.

In continuation of our ongoing research program in the eld
of heterocyclic chemistry and domino reactions,18 we herein
report an unprecedented method for the construction of highly
functionalized pyranopyrazole scaffolds using chalcone epox-
ides and pyrazolone in a highly diastereoselective manner via
CAR.
Results and discussions

To execute our idea, we initially investigated the reaction of
chalcone epoxide 1a (1 eq.) and pyrazolone 2a (1 eq.) with 1
equivalent of base (K2CO3) in CH3CN as a solvent at room
temperature which provided the desired product tetrahy-
dropyranopyrazole 3a as a white solid in 35% yield as shown in
Table 1 and entry 1. Next, different types of bases such as L-
Proline, KOBut, piperidine, DABCO, NaH, DBU, Cs2CO3, NaOH,
and KHCO3 were screened in presence of solvents like MeOH,
EtOH, acetone, tBuOH, DCM and iPrOH. The yield of the nal
product got increased from 35 to 62% (Table 1, entries 2–16).
Interestingly, the yield of the nal product was improved to
78%, when KOBut is used as a base and EtOH as a solvent (Table
Table 1 Optimization conditions for the synthesis of tetrahydropyr-
anopyrazole 3a under various conditionsa,b

Entry Base Equiv. Solvent Time Yieldb (%)

1 K2CO3 1.0 CH3CN 12 h 35
2 L-Proline 0.2 MeOH 10 h 21
3 KOBut 1.0 CH3CN 10 h 45
4 Piperdine 1.0 CH3CN 10 h 46
5 DABCO 1.0 CH3CN 10 h 21
6 NaH 1.0 CH3CN 12 h 53
7 DBU 0.5 CH3CN 10 h 50
8 Cs2CO3 0.5 CH3CN 10 h 46
9 NaOH 0.5 MeOH 10 h 37
10 KHCO3 1.0 EtOH 10 h 55
11 NaH 1.0 MeOH 12 h 60
12 KOBut 1.0 Acetone 12 h 40
13 KOBut 1.0 tBuOH 12 h 35
14 KOBut 1.0 DCM 12 h 38
15 KOBut 1.0 MeOH 12 h 58
16 KOBut 1.0 iPrOH 12 h 62
17 KOBut 1.0 EtOH 12 h 78
18 KOBut 1.2 EtOH 12 h 78

a All reactions were carried out with 1 mmol scale of chalcone epoxide.
b Isolated yield of the pure product obtained aer column
chromatography purication.

19004 | RSC Adv., 2020, 10, 19003–19007
1 and entry 17). The yield of the reaction did not improve
signicantly when the base loading is increased from 1 to 1.2
equivalents. The combination of KOBut (1 eq.) in ethanol is
found to be the optimal condition for the cascade annulation
reaction (CAR) as given in Table 1.

To the best of our knowledge, this is the rst report for the
synthesis of pyranopyrazoles utilizing chalcone epoxide and
pyrazolone under ambient temperature. The highlight of this
reaction is that it is highly diastereoselective in nature, afford-
ing predominantly only one pair of diastereomer. Prompted by
this result, we have examined different types of chalcone
epoxides with pyrazolone under the optimal condition which
successfully provided the wide variety of tetrahydropyrano pyr-
azoles 3 in very good yields (60–81%) and the results are
summarized in Table 2.

To further investigate the enantioselectivity of this new
annulative domino protocol, optically pure epoxide 1aa was
chosen as the reactant.19 The reaction of this chiral epoxide 1aa
with pyrazolone 2a provided the corresponding diol 3aa in 75%
yield with enantiomeric ratio 78 : 22 (refer ESI†). The enantio-
selective nature of the reaction is conrmed by the HPLC
analysis of the nal product using chiral column where only two
peaks are obtained in the chromatogram thereby unambigu-
ously conrming the presence of enantiomer as shown in
Scheme 2 (3aa).

The stereochemical (relative stereochemistry) outcome of the
trans conformation (5th and 6th position) of the compounds 3a–
w was conrmed by the coupling constant of proton value at 5th

and 6th positions in the 1H-NMR spectrum. In compound 3a,
the 1H NMR spectrum has peaks at d 4.12 ppm (d, 1H, J ¼
9.9 Hz, H6) and 5.28 ppm (d, 1H, J ¼ 9.9 Hz, H5), in which the
Table 2 Substrate scope of tetrahydropyranopyrazole derivativesa,b

a All the reactions were carried out using 1 mmol of chalcone epoxide
and 1 mmol of pyrazolone with 1 equiv. of KOBut in the presence of
ethanol solvent (5 ml). b Isolated yields of the pure products.

This journal is © The Royal Society of Chemistry 2020
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Scheme 2 Synthesis of optically active pyranopyrazole scaffold from
chiral chalcone epoxide.

Fig. 2 Possible transition state models for the racemic chalcone
epoxide with C-nucleophile.

Fig. 3 Favoured (3a) and disfavoured (3ab) conformations.

Scheme 3 Functional group transformation of 3a.

Table 3 Substrate scope of densely functionalized tetrasubstituted
olefinsa,b

a Reaction conditions: tetrahydropyrano pyrazole 3a (1 equiv.), aq. HBr
(0.2 equiv.), aq. H2O2 (3.0 equiv.) and CH3CN (5 ml) at reux
temperature. b Isolated yields of the pure products.

Scheme 4 The proposed reaction pathway for the preparation of
racemic tetrahydropyranopyrazoles.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
M

ay
 2

02
0.

 D
ow

nl
oa

de
d 

on
 7

/2
2/

20
25

 1
0:

23
:1

0 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
coupling constants (J ¼ 9.9 Hz) clearly indicated an anti-
geometry.

Stereochemistry of the nucleophilic addition of the enolate
to the ketone can be explained by the transition state models
given in Fig. 2. The attack of the enolate on the ketone takes
place from Si face leading to the formation of C–C bond in TS-I.
The alternative Re face attack of the enolate to the ketone is
unfavored due to steric hindrance between the oxirane ring and
methyl group in the TS-II. Similarly, the above mentioned
concept is applicable to the transition states TS-III and TS-IV
respectively for the other isomer.

Further, the syn diol conformation of the product arises due
to the favored chair conformation of the six membered pyran
ring where the hydrogen bonding20 takes place between the
axial H and OH. The other conformation for the pyran ring in
the chair form is disfavored due to 1,3-diaxial interactions
between the phenyl group and hydrogen atom and therefore the
trans diol is not formed (Fig. 3). Furthermore, we have
conrmed the syn conformation of the vicinal diol groups in
structure 3a by NOESY NMR spectrum. Finally, the relative
This journal is © The Royal Society of Chemistry 2020
stereochemistry of the compound 3a was conrmed by single
crystal XRD analysis.

To demonstrate the synthetic transformation of the product
3a, couple of reactions were performed as shown in Scheme 3. A
very interesting chemoselective etherication has been carried
out where selectively the tertiary alcohol has been converted
into corresponding ethers which might be proceeding via SN1
reaction mechanism as shown in Scheme 3. The reaction of
tetrahydro pyranopyrazole 3awith aq. HBr in the presence of aq.
H2O2 leads to the formation of novel and highly diversied
tetrasubstituted olens with dicarbonyl functionality (4a) in
very good yields via cleavage of six membered cyclic ether
(pyran) ring as shown in Scheme 3 and the results are
summarized in Table 3.

The plausible mechanism for the synthesis of tetrahy-
dropyrano pyrazole 3a using racemic chalcone epoxide 1a and
pyrazolone 2a is shown in Scheme 4. Pyrazolone 2a can serve as
a nucleophilic component to react with the electrophilic
racemic chalcone epoxide 1a, which was mediated by KOBut.
RSC Adv., 2020, 10, 19003–19007 | 19005
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Scheme 5 Proposed mechanism for the formation of densely func-
tionalized tetrasubstituted olefins.
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First, the C-nucleophile of the enolate 2a reacts with the
carbonyl group of the chalcone epoxide 1a giving rise to inter-
mediate A. Subsequently, the intermediate A undergoes
abstraction of the proton by a base that lead to enolate and the
enolate oxygen attack on the b-position of the epoxide to give
the cyclic product which undergoes protonation to provide the
desired product 3a as shown in Scheme 4.

The proposed mechanism for the formation of densely func-
tionalized tetrasubstituted olens is given in Scheme 5. The
reaction of hydrobromic acid with aqueous hydrogen peroxide
generates the hypobromous acid.21 Hypobromous acid reacts
with the tertiary alcohol in pyranopyrazole 3a to give intermediate
I. The intermediate I is then transformed into intermediate II by
the removal of hypobromite ion. Pyran ring opening takes place
by the attack of hypobromite ion which gives intermediate III.
The intermediate III loses a molecule of HBr to give the inter-
mediate IV. Reaction of hypobromous acid with the secondary
alcohol in intermediate IV provided intermediate V through the
loss of the water molecule. The intermediate V loses a molecule
of HBr to give the tetrasubstituted olen 4a as given in Scheme 3.

All the newly synthesized compounds were characterized by
1H-NMR, 13C-NMR and HRMS techniques. The structure of the
compounds 3a and 4a were further conrmed by single crystal
X-ray diffraction (XRD) method and the ORTEP diagram22 of the
compounds 3a and 4a are shown in Table 2 and 3
Conclusions

In conclusion, we have successfully developed an efficient
cascade annulation reaction (CAR) for the construction of
highly functionalized pyranopyrazole scaffolds with wide variety
of substrate scope using chalcone epoxides for the rst time.
This unprecedented domino protocol is highly diaster-
eoselective in nature. Interestingly, this reaction creates a six
membered pyran ring with three contiguous stereogenic centers
which include one quaternary chiral center in a unique manner.
Moreover, the pyranopyrazoles were successfully manipulated
to access novel tetra substituted olens having dicarbonyl
functionality which may act as valuable synthetic building
blocks.
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