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xylic acid as an effectual catalyst
for rapid multi-component synthesis of pyrazolo
[3,4-b]quinolinones†

Mayank G. Sharma, Ruturajsinh M. Vala and Hitendra M. Patel *

Green synthesis of pyrazolo[3,4-b]quinolinones was designed using bioproduct pyridine-2-carboxylic acid

(P2CA) as a green and efficient catalyst. The multi-component reaction of aldehydes, 1,3-cyclodiones and

5-amino-1-phenyl-pyrazoles regioselectively produced pyrazolo[3,4-b]quinolinones in excellent yield

(84–98%). Recyclization of the catalyst was also investigated. The electronic effect of the various

substituents in aromatic rings indicated that the reaction proceeded through the carbocation

intermediate. This newly designed protocol very quickly constructed products conventionally under

milder conditions.
Introduction

Environmental challenges demand cost-effective syntheses that
proceed through fast routes and generate less chemical waste.
Multicomponent synthesis is more suitable than linear-type
synthesis because single-step conversion reduces chemical
waste, reaction time, work-up procedure and cost.1 Multicom-
ponent reactions (MCRs) have emerged as valuable tools for the
development of diverse heterocyclic scaffolds.2–12 Pyrazolo[3,4-b]
quinolinones are also a product of multicomponent synthesis
and show important biological properties. They are GSK3
inhibitors,13 tubulin inhibitors,14 phosphoinositide 3-kinase
inhibitors15 and potassium channel openers.16 Besides, they
show antileishmanial activity against amastigotes,17 antimi-
crobial activity and antiproliferative activity.18 These therapeutic
properties make them effective and inspire development in
their synthesis.

Various methods were reported for the synthesis of pyrazolo
[3,4-b]quinolinones from aldehyde, 5-amino pyrazole and 1,3-
dicarbonyl compounds. Ionic liquid such as [bmim]Br,19

[bmim]BF4,20 and HEAAc18 are used as a solvent and catalytic
medium for the synthesis. Other catalysts like InCl3,21 PEG2000
(ref. 22) and nickel nanoparticle23 are also used for the
synthesis. Most of them suffered from either longer reaction
time or low product yield.

Biomass derived chemicals provide the renewable sources in
chemicals with low cost and it considerably enhance the
sustainability of organic synthesis.24 In this work, we explored
the catalytical efficiency of versatile compound pyridine-2-
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carboxylic acid (P2CA) in the synthesis of pyrazolo[3,4-b]qui-
nolinones. Pyridine-2-carboxylic acid is an endogenous metab-
olite of L-tryptophan that has been reported to possess a wide
range of neuroprotective, immunological, and anti-proliferative
affects within the body.25 Enzymatic oxidation of 3-hydroxyan-
thranilic acid by 3-hydroxyanthranilic acid oxygenase is
a biosynthesis route to produce pyridine-2-carboxylic acid
(P2CA).26 P2CA and its derivatives are a chelating agent in
coordination complexes of metal ions.27–29 Its lead salt (PbPyA2)
does the efficient passivation and generates high-performance
and stable perovskite solar cells.30

Catalyst has a crucial role during synthetic transformation. It
speeds up the transformation and modulates selectivity of the
transformation same as steric effect.31 MCRs of aldehydes, 5-
amino pyrazoles and 1,3-cyclodiones promoted by bases like
NaOEt, KOH and t-BuOK generate pyrazolo[4,3-c]quinolizi-
nones.32,33 Whereas MCRs of same substrates promoted by
pyridine-2-carboxylic acid (P2CA) regioselectively generate pyr-
azolo[3,4-b]quinolinones (Scheme 1). Furthermore, P2CA also
reported as a catalyst with a metal salt or complex for some
reactions. P2CA with Mn(II) catalysed oxidation of alkane,
alkene and alcohol with H2O2.34 P2CA with Cu(I) also catalyses
N-arylation of hydrazides.35 Here, we report catalytic efficiency
of P2CA without any use of metal salt or complex and expand its
utility towards MCRs with signicant impact.
Results and discussions

In our initial endeavour to synthesise pyrazolo[3,4-b]quinoli-
nones, the model reactions of 1 mmol benzaldehyde 1a, 1 mmol
dimedone 2b, and 1 mmol 5-amino-3-methyl-1-phenyl-1H-pyr-
azole 3a were carried out in different reaction conditions as
mention in Table 1. The reactions were investigated with
RSC Adv., 2020, 10, 35499–35504 | 35499
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Scheme 1 Diverse route for MCR of aldehydes, 5-amino pyrazoles and 1,3-cyclodiones.
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different amount of catalyst, different temperature and two
green solvents water and ethanol.

The obtained results indicated that ethanol gave better
product yield over water as a solvent. Additionally, when the
Table 1 Optimization of reaction conditiona

Entry Catalyst Catalyst (mol%) Solvent

1 — — Water
2 — — Ethanol
3 — — Water
4 — — Ethanol
5 P2CA 10 Water
6 P2CA 10 Ethanol
7 P2CA 10 Water
8 P2CA 10 Ethanol
9 P2CA 10 Water : ethano
10 P2CA 10 Water : ethano
11 P2CA 5 Ethanol
12 P2CA 20 Ethanol
13 P3CA 10 Ethanol
14 P4CA 10 Ethanol
15 CH3COOH 10 Ethanol
16 FeCl3 10 Ethanol
17 Betaine–oxalic acid 20 Ethanol
18 Betaine–succinic acid 20 Ethanol

a 1 mmol benzaldehyde 1a, 1 mmol dimedone 2b, and 1 mmol 5-amin
conditions. b Monitored by TLC.

35500 | RSC Adv., 2020, 10, 35499–35504
reaction was carried out with water and 10%mol P2CA at 60 �C,
74% product yield was obtained (Entry 7). But the product
became sticky at the completion of the reaction and we have to
follow some tedious workup procedures. The same results were
Temp. Time (minutes) Consumption of aldehydeb

RT 300 NIL
RT 300 NIL
60 �C 240 NIL
60 �C 240 Incomplete
RT 180 Incomplete
RT 180 Incomplete
60 �C 10 100%
60 �C 5 100%

l (1 : 1) 60 �C 10 100%
l (1 : 4) 60 �C 10 100%

60 �C 10 Incomplete
60 �C 5 100%
60 �C 12 100%
60 �C 8 100%
Reux 60 100%
Reux 120 100%
Reux 90 100%
Reux 90 100%

o-3-methyl-1-phenyl-1H-pyrazole 3a stirred under various experimental

This journal is © The Royal Society of Chemistry 2020
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obtained when the mixture of water and ethanol was used as
a solvent (Entry 9–10). The best result was obtained when the
reaction carried out with 10 mol% of P2CA in ethanol at 60 �C
(Entry 8). With this condition, the product fallout within 5
minutes. Aer a simple work-up process, 98% isolated yield of
product was obtained. Pyridine-3-carboxylic acid (P3CA) and
pyridine-4-carboxylic acid (P4CA) have almost similar catalytic
efficiency to pyridine-2-carboxylic acid. Acetic acid, ferric chlo-
ride, betaine–oxalic acid and betaine–succinic acid was also
used as a catalyst in the reaction which take more time to
complete the reaction as compare to pyridine carboxylic acids.

With the optimal condition in hand, the reaction of
substituted aldehydes 1(a–j), cyclic 1,3-diones 2(a–b), and 5-
amino-pyrazole derivatives 3(a–b) was carried out to check the
scope of this protocol. We studied the effect of the substituents
R1, R2, R3 and the outcomes are summarized in Table 2.

Pyrazolo[3,4-b]quinolinones 4(a–u) successfully synthesised
with a wide range of substrates using the optimised protocol.
The excellent yield of products was obtained with short reaction
time range (2–10 min) by the help of P2CA. Variation in reaction
Table 2 Synthesis of pyrazolo[3,4-b]quinolinones 4(a–u)a

Sr. no. Product (R1) (R2)

1 4a -H -H
2 4b -H -H
3 4c -H -Me
4 4d 4-Br -H
5 4e 4-Br -Me
6 4f 4-Br -Me
7 4g 3-Cl -H
8 4h 3-Cl -Me
9 4i 4-OMe -H
10 4j 4-OMe -Me
11 4k 3-OMe -H
12 4l 3-OMe -Me
13 4m 2-5-OMe -H
14 4n 2-5-OMe -Me
15 4o 3-4-OMe -H
16 4p 3-4-OMe -Me
17 4q 2-NO2 -H
18 4r 2-NO2 -Me
19 4s 3-OH -H
20 4t 3-OH -Me
21 4u 4-Ph -Me

a MCRs of 1 mmol of aldehydes 1(a–j), 1 mmol of cyclic 1,3-diones 2(a–b)
60 �C. b Isolated yield.

This journal is © The Royal Society of Chemistry 2020
time was observed because the reaction was affected by the
electronic effects of substituents in the aromatic ring. The
substrates bearing activating group (ERG) increased the reac-
tivity. Whereas, the substrates bearing deactivating group
(EWG) decreased reactivity. For example, the reaction of 2,5-
dimethoxy benzaldehyde 1e completed only in 2 minutes and
reaction of 4-nitro benzaldehyde 1g completed in 10 minutes.
This is only possible when reaction proceeded through electron-
decient carbocation as a reaction centre. Because ERG stabi-
lised carbocation by releasing electron towards the reaction
centre which lowered the energy level of the transition state.
Due to this reason, rate of reaction increased. The opposite
effect was observed due to EWG.

Based on this fact, a plausible mechanism for this reaction is
proposed (Scheme 2). P2CA (I) has dual nature i.e. acidic and
basic. Initially, Knoevenagel condensation was carried out
between aldehydes (II) and 1,3-cyclohexanones (III) to produce
Knoevenagel adduct (VI) through the simultaneous generation
of carbocation and carbanion. In the next step, again carboca-
tion (VIII) was generated from adduct (VII) by P2CA.
(R3) Time (min) Yieldb (%)

-Me 5 96
-Ph 5 98
-Me 5 94
-Me 5 94
-Me 5 98
-Ph 5 92
-Me 5 94
-Me 5 95
-Me 3 94
-Me 3 96
-Me 3 95
-Me 3 94
-Me 2 92
-Me 2 88
-Me 3 96
-Me 3 97
-Me 10 87
-Me 10 89
-Me 4 84
-Me 4 88
-Me 5 84

, and 5-amino-pyrazole derivatives 3(a–b) carried out in 3 ml ethanol at

RSC Adv., 2020, 10, 35499–35504 | 35501
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Scheme 2 A plausible mechanism for the formation of 4a.

Table 3 Recycling of catalyst for the synthesis of 4c

Run % yield

1st 98
2nd 95
3rd 86
4th 80
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Nucleophilic attack by 5-amino pyrazoles (IX) on carbocation
(VIII) gave stable intermediate (XI) which is further cyclised by
P2CA and condensed to give nal product (XIV). Here, reaction
forwarded through two carbocations (IV & VIII) which was
affected by the electronic effect of the substituent on an
aromatic ring.

Recyclization of the catalyst was also carried out for making
our protocol more eco-compatible and cost-effective. We check
recyclability of P2CA for the synthesis of 4c. A mixture of 2 mmol
benzaldehyde 1a, 2 mmol dimedone 2b, 2 mmol 5-amino-3-
methyl-1-phenyl-1H-pyrazole 3a and 20% mol P2CA was stirred
in 3 ml ethanol at 60 �C for 5 minutes. The reaction mixture was
cooled and 9 ml water was added with stirring. The precipitated
product was separated by simple ltration. Collected ltrate was
heated at 60 �C under reduced pressure. P2CA was recovered
35502 | RSC Adv., 2020, 10, 35499–35504
and used for the next cycle (Table 3). Obtained results indicated
that P2CA can be reused up to 4th cycle.

Further, to check the efficiency of newly selected catalyst
P2CA, we compared the results with the previously reported
work for the same product 4j synthesised from 4-methoxy
benzaldehyde 1d, dimedone 2b and 5-amino-3-methyl-1-phenyl-
This journal is © The Royal Society of Chemistry 2020
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Table 4 Comparison of our work with previously reported methodsa

Entry Reaction condition Time (minutes)

Yield (%)

Reference4j 5j

1 SDS, H2O, 90 �C 720 — 97 36
2 PEG-400, 100–110 �C 240 — 90 37
3 MWI, EtOH : H2O, 50 �C 5 94 — 38
4 [bmim]Br, 90 �C 180 85 — 19
5 P2CA, ethanol, 60 �C 3 96 — This work

a Multicomponent reaction of 4-methoxy benzaldehyde, 1d, dimedone 2b and 5-amino-3-methyl-1-phenyl-1H-pyrazole 3a in a various experimental
condition.
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1H-pyrazole 3a (Table 4). Reported work with SDS and PEG-400
catalyst showed that reaction of 1d, 2b and 3a produced 5j
(pyrazolopyridine) instead of our desired product 4j (pyr-
azolodihydropyridine). The overall comparison indicates that
our protocol produced desired product 4j conventionally as
good as microwave irradiation method. This shows that our
protocol is green, eco-compatible and cost-effective.

Conclusion

The newly selected catalyst P2CA showed good efficiency
towards the reaction of pyrazolo[3,4-b]quinolinones. The reac-
tion completed rapidly (in 2–10 minutes). The electronic effect
of aromatic substituent was observed in the form of reactivity of
the substrate. Recyclization of catalyst showed that P2CA can be
reused up to 4th cycle. Comparison of our protocol with reported
work indicated that P2CA produced pyrazolo[3,4-b]quinoli-
nones conventionally as efficient as microwave irradiation. We
are in the process of applying PAC as a green and sustainable
catalyst for the other multicomponent reactions which involves
C–C and C–N bond formation.

Conflicts of interest

There are no conicts to declare.

Acknowledgements

We are thankful to SERB, New Delhi, India for providing
nancial assistance from the major research project (le no.
This journal is © The Royal Society of Chemistry 2020
EEQ/2016/000376, dated 07/02/2017). We thank UGC, New
Delhi for UGC-CPEPA Phase-II program sponsored under award
letter no. F. No. 1–14/2002-2016(NS/PE) dated 28th April 2016
and UGC-CAS, Phase-II sponsored under award letter no. F-540/
5/CASII/2018 (SAP-I) dated July 25, 2018, for the assistance in
general and NMR facility in particular. MGS thankful to SERB,
New Delhi for SRF.
References

1 T. Shi, S. Teng, Y. Wei, X. Guo andW. Hu, Green Chem., 2019,
21, 4936–4940.

2 D. M. Patel and Hs. M. Patel, ACS Sustainable Chem. Eng.,
2019, 7, 18667–18676.

3 D. M. Patel, H. J. Patel, J. M. Padrón and H. M. Patel, RSC
Adv., 2020, 10, 19600–19609.

4 J. Xu, W. Huang, R. Bai, Y. Queneau, F. Jérôme and Y. Gu,
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O. Orun, N. Dege and Y. Atalay, Appl. Organomet. Chem.,
2020, 34, e5416.

30 S. Fu, X. Li, L. Wan, Y. Wu, W. Zhang, Y. Wang, Q. Bao and
J. Fang, Adv. Energy Mater., 2019, 9, 1901852.

31 R. M. Vala, D. M. Patel, M. G. Sharma and H. M. Patel, RSC
Adv., 2019, 9, 28886–28893.

32 V. A. Chebanov, V. E. Saraev, S. M. Desenko,
V. N. Chernenko, S. V. Shishkina, O. V. Shishkin,
K. M. Kobzar and C. O. Kappe, Org. Lett., 2007, 9, 1691–1694.

33 V. A. Chebanov, V. E. Saraev, S. M. Desenko,
V. N. Chernenko, I. V. Knyazeva, U. Groth, T. N. Glasnov
and C. O. Kappe, J. Org. Chem., 2008, 73, 5110–5118.

34 P. Saisaha, J. J. Dong, T. G. Meinds, J. W. de Boer, R. Hage,
F. Mecozzi, J. B. Kasper and W. R. Browne, ACS Catal.,
2016, 6, 3486–3495.

35 M. S. Lam, H. W. Lee, A. S. C. Chan and F. Y. Kwong,
Tetrahedron Lett., 2008, 49, 6192–6194.

36 H.-Y. Wang and D.-Q. Shi, J. Heterocycl. Chem., 2012, 49, 212–
216.

37 K. Karnakar, S. Narayana Murthy, K. Ramesh, G. Satish,
J. B. Nanubolu and Y. V. D. Nageswar, Tetrahedron Lett.,
2012, 53, 2897–2903.

38 M. Robert Khumalo, S. N. Maddila, S. Maddila and
S. B. Jonnalagadda, RSC Adv., 2019, 9, 30768–30772.
This journal is © The Royal Society of Chemistry 2020

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra06738e

	Pyridine-2-carboxylic acid as an effectual catalyst for rapid multi-component synthesis of pyrazolo[3,4-b]quinolinonesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06738e
	Pyridine-2-carboxylic acid as an effectual catalyst for rapid multi-component synthesis of pyrazolo[3,4-b]quinolinonesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06738e
	Pyridine-2-carboxylic acid as an effectual catalyst for rapid multi-component synthesis of pyrazolo[3,4-b]quinolinonesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06738e
	Pyridine-2-carboxylic acid as an effectual catalyst for rapid multi-component synthesis of pyrazolo[3,4-b]quinolinonesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06738e
	Pyridine-2-carboxylic acid as an effectual catalyst for rapid multi-component synthesis of pyrazolo[3,4-b]quinolinonesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06738e
	Pyridine-2-carboxylic acid as an effectual catalyst for rapid multi-component synthesis of pyrazolo[3,4-b]quinolinonesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06738e


