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Abstract

Herein, we have described an efficient, eco-friendly, metal free, visible light catalysed 

synthesis of coumarin based pyrazoles under an open atmosphere condition involving a 

photoredox catalyst, which is an inexpensive organic dye. The present strategy is the first 

example of visible light promoted, aerobic, oxidative cyclization of pyrazoles bearing a 

coumarin unit via the formation of C–C, C–O and C-N bonds to afford excellent yield of the 

products in a simple one-pot operation under mild reaction conditions. The major advantages 

of the present methodology include short reaction time, cost effectiveness, easy work-up, broad 

substrate scope and high atom economy.

Keywords: Visible Light, Photoredox Catalysis, Multicomponent, Pyrazoles bearing a 

coumarin unit.

Introduction

In the last few era, visible-light-mediated photoredox catalysis,1-3 for single electron transfer 

(SET) has been arisen as a substitute, versatile, economical and green implement for imperative 

organic transformations such as oxidation/reduction, C-C/ C-X bond formation in the 

heterocyclic compounds.4-6 Organo-photoredox catalyst has an unique characteristic as it can 

stimulate atmospheric oxygen, a green and natural oxidizing agent, in presence of visible-light 

for organic transformations involving SET.7,8 In contrast, the transition metal based 

photocatalysts such as iridium, ruthenium and polypyridyl complexes have been associated 

with many drawbacks such as being highly expensive, low sustainability, low toughness, 

potential toxicity and being problematic during separation.9-11 Metal-free organic dye, 

primarily Eosin Y has been utilized as it is an economically and environmentally better option 

than metal-based photo-redox catalyst.12,13 The photochemistry of Eosin Y has been very much 
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analyzed upon excitation by visible light and it has been shown that Eosin Y experiences quick 

intersystem crossing to the lowest energy triplet state.14,15

Now a days, multicomponent reactions (MCRs) are turning out to be an influential and 

competent strategies for the development of heterocycles in modern organic and medicinal 

chemistry since they permit multistep synthesis to be led in a single procedural step to give 

novel and highly functionalized biologically active heterocyclic compound from conveniently 

available starting materials. Multicomponent reactions (MCRs) have been linked to remarkable 

synthetic efficiency, reduce the generation of chemical waste, Easy purification and high atom 

economy.16-18

Pyrazole nucleus is a well-recognized to be an essential core of numerous agrochemicals and 

pharmaceuticals. They demonstrate wide spectrum of biological activities for example, 

antitubercular,19 anti-hyperglycemic,20 antioxidant,21 Pharmacological Activities,22 kinase 

inhibitors,23 anti-AIDS,24 anti-anxiety,25 corrosion inhibition,26 insecticidal agents,27 and 

Antimicrobial.28 Coumarin also constitute another essential nucleus frequently occurring in 

various natural products, pharmaceuticals, agrochemicals, dyes and functional materials.29-32 

Due to the significance of these two auxiliary structures, the development of a basic 

methodology for the synthesis of the target compound containing both the pyrazole and 

coumarin nucleus by utilizing biodegradable material as a catalyst and green solvent is still 

desirable and challenging task (Figure 1).33,34 
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Figure 1. Examples of some biologically active pyrazoles bearing a coumarin unit
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Scheme 1. Comparison of proposed protocol with previously reported methods

Evidently this moiety has never been synthesized via visible-light pathway initiated by 

photoredox catalyst. Therefore, visible light was chosen as an efficient promoter for the 

synthesis of coumarin containing pyrazoles using Eosin-Y as a photoredox catalyst at room 

temperature (Scheme 1). This new approach for the synthesis of coumarin based pyrazole and 

its derivatives is mechanistically attractive because it involves through visible light photoredox 

catalysis.

Results and discussion

In order to check the credibility of our proposed protocol, we instigated our study by utilizing 

4-Nitrosalicylaldehyde (1a), 1,4-hydroxy-6-methyl-2H-pyran-2-one (2) and phenylhydrazine 

(3a) as model substrates for the synthesis of target compound. We commenced with the 

optimisation of the reaction conditions by using varied catalyst (Table 1). To begin with, 

reaction is carried out in the absence of photocatalyst at room temperature under CFL (23W) 

irradiation, product could not be obtained even after 24 h of irradiation (Table 1, entry 1). 

Subsequently, we performed our reaction in the presence of photocatalysts. We used Eosin Y 

(2 mol%) as a catalyst which afforded 84 % yield of the product within 24 h (Table 1, entry 4). 

A series of other organic photocatalysts such as Methylene Blue, Rose-Bengal and Rhodamine-

B, and (Table 1, entries 6−8) were explored. Although, Rhodamine-B gave good yield but 

amongst all the catalysts screened, Eosin Y was outstanding. In the case of methylene blue, no 

product was formed and Rose-Bengal gives trace in yield. Decreasing the amount of Eosin Y 

had a significant effect on the yield of the product, whereas increasing the amount of Eosin Y 

did not affect the yield of product (Table 1, entries 3 and 5). Repeated experiments led to the 

conclusion that organic dye and visible light are obligatory components for this novel 

transformation (Table 1, entries 1 and 2).

Table 1. Optimization of organic photoredox catalystsa

OH

H

O

O2N O O

OH

Ph-NHNH2

O

N NPh

O

O2NVisible Light, O2

1a 2
3a

4a

CH3CN
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a Reaction conditions: 1a (1.0 mmol), 2 (1.0 mmol), 3a (1.0 mmol), CH3CN (3 mL), 23W CFL irradiation under 

an open atmosphere at room temperature; b Isolated yield of product; c Without catalyst; d NR = no reaction; e 

Without irradiation.

Encouraged by favourable results, we performed our model reaction with different intensities 

of light source (CFL 18W, 23W, 27W, Green LED, blue LED and white LED) (Table 2, entries 

1-6) and observed that CFL (23W) is the ideal source of visible light for the present protocol 

(Table 2, entry 2). Moreover, the reaction was quenched with 2,2,6,6-tetramethylpiperidyl-1-

oxyl (TEMPO) (2.0 mmol), clearly indicate that reaction proceed through a free radical 

pathway (Table 2, entry 9).39, 40

Table 2. Optimization of visible-light sourcea

OH

H

O

O2N O O

OH

Ph-NHNH2

O

N NPh

O

O2N
Eosin-Y

1a 2
3a

4a
CH3CN

Entry

1 

2

3

4

5

6

7

8

Photocatalyst (mol %)

Nonec

Eosin Y (2)e

Eosin Y (1)

Eosin Y (2)

Eosin Y (4)

Methylene Blue

Rose Bengal

Rhodamine B

Time (hour)

24

24

24

24

24

24

24

24

Yield (%)b

NRd

NRd

64

84

84

NRd

Trace

75

Entry Visible - light source Time (h) Yield (%)b

1 CFL (18 W) 24 70

2

3

CFL (23 W)

CFL (27 W)

24

24

84

84

4 Green LED (2.5W) 36 20

5

6

Blue LED (6W)

White LED (9W)

36

36

15

10

7 CFL (23 W) TEMPO 24      NRc, d

8 Daylight 24    NRd
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a Reaction conditions: 1a (1.0 mmol), 2 (1.0 mmol), 3a (1.0 mmol), CH3CN (3 mL), in different light source under 

an open atmosphere at room temperature; b Isolated yield of product; c Reaction was quenched with TEMPO 

(2,2,6,6-Tetramethyl-piperidin-1-yl)oxyl) (2.0 equiv.); d NR = no reaction.

After the finalization of the best photocatalyst and light source, we next screened different 

solvent to further optimize the reaction conditions (Table 3). Firstly, we used 2 mL of 

tetrahydrofuran (THF) or in 2 ml of dimethyl sulfoxide (DMSO), separately and the reaction 

mixture was irradiated under compact florescent lamp (CFL) with 2 mol% Eosin Y for 24 h in 

an open pot at room temperature. The expected product could not be detected and the substrate 

was recovered completely unreacted (Table 3, entries 1 and 2). Next, we carried the reaction 

in various solvents and neat condition (Table 3, entries 3-8) and observed that the acetonitrile 

has been found to be most impressive, convenient and efficient for the desired transformation.

Table 3. Optimization of solvents.a

OH

H

O

O2N O O

OH

Ph-NHNH2

O

N NPh

O

O2N
Eosin-Y

Visible Light, O2

1a 2
3a

4a

a Reaction conditions: 1a (1.0 mmol), 2 (1.0 mmol), 3a (1.0 mmol), in different solvent using 23W CFL irradiation 

under an open atmosphere at room temperature; b Isolated yield of product; c NR = no reaction. DMF= 

DiMethylFormamide, DCE= DiChloroEthane

Under the established reaction conditions, we next explored the substrate scope of the present 

strategy. The results of our investigation are listed in (Table 4). Explicitly, salicylaldehyde 

9 Dark 24    NRd

10 Nitrogen atm 24    NRd

Entry Solvent  Time (hour) Yield (%)b

1 THF 24 NRc

2 DMSO 24 NRc

3 CH3CN 24 84

4 DMF 24 NRc

5 DCE 24 52

6

7

8

EtOH

Toluene

Neat

24

24

24

40

25

10
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bearing either electron-withdrawing or electron-donating groups (such as -OMe, -OH, -Cl, -Br, 

-NO2) are well tolerated and furnished the target compound and its derivatives afforded 

excellent (4a-4f) 92−75% yields. 

Inspired by these results, we next explored the other substrate, arylhydrazine containing 

electron-withdrawing and electron-releasing group and observed that all afforded excellent 

(4g−4i) 83−73% yields. However, it was established that arylhydrazine containing electron-

releasing group is more efficient product formation.

Table 4. Substrate scope.a,b

OH

H

O
R1

R2 O O

OH

R3NHNH2

O

N NR3

OR1

R2

Eosin-Y

Visible Light, O21a-f 2
3a-d

4a-l
R1 = H, OH, OMe
R2 = H, Cl, Br, NO2

R3 = Ph, 2-OMe-Ph, 4-Br-Ph, 3,4-(F)2-Ph

12-Molecules
73-92%

CH3CN

O

N N

O

O2N

4a 84%

O

N N

OMeO

4b 77%

O

N N

OHO

4c 75 %

O

N N

O

4d 78 %

O

N N

O

Cl

4e 88%

O

N N

O

4f 92%

Br
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O

N N

O

4g 83 %

OMe

O

N N

O

4h 74%
Br

O

N N

O

4i 73%
F

F

O

N N

O

4j 87%

Cl

OMe

O

N N

O

4k 76%

MeO

F

F

O

N N

O

4l 80%

Cl

F

F

a Reaction conditions: 1a-f (1.0 mmol), 2 (1.0 mmol), 3a-d (1.0 mmol), CH3CN (3 mL), 23W CFL irradiation 

under an open atmosphere at room temperature; b Isolated yield of product.

Mechanism

Examine by the control experiments and literature reports,41-45 the following plausible 

mechanism using the model substrates has been suggested (Figure 2 and 3). The pyrone radical 

(5) is generated smoothly by the HAT through light-activated *Eosin Y (I) and pyrone (2).44 

Pyrone radical (5) react with salicylaldehyde (1) to produce another radical (6). Now the 

reverse hydrogen atom transfer (RHAT) between radical 6 and eosin Y-H (II) regenerates 

ground state Eosin Y and intermediate (8). Similarly, in the same way, HAT between light-

activated *Eosin Y (I) and intermediate (8) to produce radical (9). In this step, eosin Y-H 

undergoes aerial oxidation to regenerate the ground state Eosin Y and forms a HO2
• radical, 

which further undergoes disproportionation to give oxygen and hydrogen peroxide.46,47 Thus, 

formed H2O2 was distinguished by starch and potassium iodide as indicator.48 After that radical 

(9) undergoes an intramolecular cyclization by free radical addition of enolate oxygen to 

carbonyl group as well as ring opening to afford the compound (10) and then compound (11)  

by abstraction of H• radical from water molecule. A homolytic cleavage of compound (11) and 

phenyl-hydrazine (3) followed by free radical addition between compound (12) and phenyl-

hydrazine radical (3) gives compound (13). After that compound (13) undergoes dehydration 

to form the compound (14). Finally, homolytic cleavage of N-H bond and carbonyl carbon 

followed by radical coupling of the compound (14) gives the desired product (4).
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Figure 2. Probable mechanism
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Conclusions

In conclusion, we have successfully developed a novel and an effective synthetic pathway for 

coumarin based pyrazole and its derivatives via one-pot-three-component reaction of 

salicylaldehydes (1), 4-hydroxy-6-methyl-2H-pyran-2-one (2) and phenylhydrazines (3) in 

acetonitrile by utilizing air and Eosin Y as an inexpensive, biodegradable photoredox catalyst. 

The present method incorporates broad range of substrate scope applicability. Most important 

highlights of the proposed protocol are that it is accessible, greener, experimentally feasible, 

cost-effective and during the product formation air is used as a sole green oxidant.

Experimental Section

General Remarks

All chemicals were reagent grade and purchased from Aldrich, Alfa Aesar, Merck, 

Spectrochem and Qualigens and were used without purification. The reactions were monitored 

using pre-coated TLC plates of silica gel G/UV-254 of 0.25 mm thickness (Merck 60 F-254). 

NMR spectra were recorded on a Bruker Avance Neo 500FT spectrometer at 500 MHz (1H) 

and 125 MHz (13C) in CDCl3 using TMS as an internal reference. Mass spectra were recorded 

on a JEOL SX-102 (FAB) mass spectrometer at 70 eV. Mass Spectra (ESIMS) were obtained 
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on Micromassquadro II spectrometer. Melting points were determined by open glass capillary 

method and were uncorrected.

General Experimental Procedure 

In a tube equipped with a magnetic stirrer bar salicylaldehyde (1, 1 mmol), 1,4-hydroxy-6-

methyl-2H-pyran-2-one (2, 1 mmol) and phenylhydrazine (3, 1 mmol), were added in 3 mL 

acetonitrile and Eosin Y (2 mol%). The resulting mixture was stirred under irradiation with 

23W CFL at room temperature. After the completion of the reaction (monitored by TLC), the 

reaction mixture was quenched with cold water (3 ml) and compound was dissolved in EtOAc. 

The EtOAc layer was separated and the aqueous fraction was extracted with EtOAc (3X3 mL). 

The combined organic layers were dried over Na2SO4 and concentrated in vacuo and the crude 

product was purified by silica gel chromatography (100-200 mesh silica gel; EtOAc/Hexane) 

to obtain the pure product 4a-l. All the products are well known which were characterized by 

the comparison of their spectra and melting point with those reported in the literature.37,38

Supporting Information Summary

General experimental, General procedure for the synthesis of pyrazoles bearing a coumarin 

derivatives and Characterization data of products.
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TOC

A visible light facilitated protocol for the synthesis of pyrazole and its derivatives bearing a 
coumarin unit in presence of Eosin Y.
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