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ABSTRACT 

In this study, two different methods were described for the synthesis of 2-(aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one derivatives under microwave irradiation. The first method was step by step method. In step 

by step method, 3-(2-hydrazinylacetyl)-2H-chromen-2-one and aromatic aldehydes in 1 mL of absolute ethanol were irradiated 

with appropriate power within 3-10 min to obtain imine products. Then, the imine products were isolated and reacted with glycine 

to produce the 2-(aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one under microwave irradiation. In 

the one-pot method, the graphene oxide nanosheets were applied as heterogeneous catalysts. Hence, the graphene oxide 

nanosheets were synthesized based on Hummer’s method. The catalyst was characterized by field emission scanning electron 

microscopy (FE-SEM), Fourier transform infrared spectroscopy (FT-IR), Raman spectroscopy, and X-ray diffraction (XRD) 

techniques. Then, 3-(2-hydrazinylacetyl)-2H-chromen-2-one, glycine, and aromatic aldehydes were irradiated using microwave 

irradiation in the presence of 0.5 mol% of graphene oxide nanosheets in ethanol. The prepared catalyst showed superior 

reusability for seven catalytic cycles. Our results showed that the one-pot method was better than the step by step method. 

Keywords: Graphene oxide; one-pot; imidazolidine; microwave; synthesis; catalyst 

1. Introduction 

The benzopyran-2-one (coumarin or chromen-2-one) 

ring unit, which is present in natural materials (like 

warfarin drug) with interesting pharmacological 

properties,  makes chemical and medical scientists 

interested for several decades in finding the natural 

coumarins or synthetic analogs for their applicability as 

drugs [1]. Some of the molecules based on the coumarin 

unit system have displayed different drug properties 

(Fig. 1). The different synthetic routes have led to 

interesting derivatives including warfarin, scoparone, 

armillarisin A, osthole, agasyllin, and methoxalen 

which have been found to be useful in medicinal, anti-

HIV therapy, and antitumor, as well as anti-  
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inflammatory. Some coumarins have displayed 

inhibitory activities in breast cancer chemotherapy [2]. 

Coumarin-estrogen conjugates and coumarin receptor 

modulators have been described as potential anti-breast 

cancer agents [2]. There is a strong interest to explore 

potential new drugs based on coumarin for breast cancer 

since breast cancer is the most cause of death in 

American women.  

As coumarin ring systems have proven to be effective 

pharmaceutical drugs, there is a growing demand for 

their synthesis and application in different fields of 

sciences. Many methods have been used for application 

as starting materials and different reaction conditions 

(Scheme 1). This Scheme shows the recently reported 

papers which applied the coumarin ring system units as 

a starting material. In 2016, Keshavarzipour et al. 

described a green approach to coumarin derivatives in 

the deep eutectic solvent [3]. In addition, owing to the 
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wide application of coumarins, there is considerable 

interest in the synthesis of coumarins catalyzed by 

different catalysts [4-13]. Although each of cited 

methods has its advantages, some of them often suffer 

from one or more disadvantages such as long reaction 

times, low yields, hard work-up, and use of hazardous 

organic solvent. 

Due to the importance of the coumarin ring system 

compounds, in the current study, we hope to describe 

the one-pot, three component, and green synthesis of 2-

(aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one derivatives using 

two different methods including step by step and one-

pot methods under microwave irradiation. Over the past 

decades, some organic reactions were catalyzed by 

graphene oxide and graphene based catalysts [14-19]. 

Herein, in  in the continuation of the nanocatalysts [20-

22], we introduce two different methods described for 

the synthesis of 2-(aryl)-3-((2-oxo-2-(2-oxo-2H-

chromen-3-yl)ethyl)amino)imidazolidin-4-one 

derivatives under microwave irradiation. 

2. Experimental 

Materials and Apparatus 

All chemicals were purchased from Sigma-Aldrich, 

Fluka, and Merck chemical companies.  Microwave 

reaction has been performed on Shanghai Sineo 

microwave chemistry technology. Analytical thin layer 

chromatography (TLC) plate has been done with silica 

gel 60 F254 plates. Melting points have been measured on 

an Electrothermal Stuart SMP 30 capillary melting point 

apparatus and are uncorrected. FT-IR spectra have been 

recorded using Shimadzu FTIR–8400S Infrared 

Spectrophotometer as potassium bromide discs.  1H 

NMR and 13C NMR spectra have been obtained using, 

NMR spectrometer, Bruker, Germany at 500 MHz in 

DMSO–d6 as a solvent and TMS as an internal reference 

at Sharif University of Technology, Tehran, Iran. XRD 

technique of catalyst was obtained by Philips X'PertPro 

instrument with 1.54 Å wave lengths of X-ray beam and 

at a scanning speed of 2 min-1 from 10 to 80 (2). The 

Raman technique was 

recorded at 532 nm using an Almega Thermo Nicolet 

Dispersive Raman spectrometer. The SEM images of 

the catalysts were captured on a Hitachi S4160 

instrument. TEM images were captured with a Zeiss-

EM10C microscope with an acceleration voltage of 98 

kV.   

Typically procedure for the synthesis of 3-(2-

hydrazinylacetyl)-2H-chromen-2-one (1) 

For preparation of 3-(2-hydrazinylacetyl)-2H-chromen-

2-one (1), in a 25 mL round bottom flask, a mixture of 

3-acetylcoumarine (2.0 mmol, 0.38 g) and 4.0 mL 

hydrazine in 2.0 mL ethanol as a solvent were heated for 

1 h under reflux conditions [31]. The progress of the 

reaction was checked by TLC. Physical and FT-IR data: 

yellow solid, with m.p.: 98 C, yield 90%; FT-IR (cm-

1): at 3477.77 and 3412.19 cm−1 (ν sym and asym NH-

NH2 gp , 3084-3057 (ν C-H, benzene), 2928 (ν C-H, 

aliphatic), 1724.42 (ν C=O, lactone ), 1685.84 (ν C=O 

ketone), 1606.76 (ν C=C, in coumarin). 

 

Fig. 1. Some of the important drugs based on coumarin unit 
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Scheme 1. Different reaction conditions for application of coumarin ring system as starting materials: 1) diisobutylaluminium 

hydride in hexane, toluene, Time= 1h, T= -78 °C, Yield: 100% [23]. 2) To a solution of dihydrocoumarin (5.0 g, 33.75 mmol) 

in anhydrous THF (50 mL) at 0 °C, methyl‐ 
magnesium chloride was added dropwise (101.1 mmol, 33.7 mL, 3.0 M in THF). The reaction mixture was slowly warmed to 

room temperature and stirred overnight. On completion, the reaction mixture was treated with ice chips containing 25 mL of 1N 

H2SO4. Extraction of the aqueous phase with Et2O, drying the latter over Na2SO4 and concentration under reduced pressure 

yielded the diol as a white solid (6.07 g, 100%): mp 110-112 °C; TLC Rf 0.37 (EtOAc : Hex, 1:1); 1H NMR (600 MHz, (CD3)2CO) 

δ 8.22 (broad s, 1H), 7.06-7.07 (m, 1H), 6.97 (m, 1H), 6.77-6.79 (m, 1H), 6.72 (m, 1H), 3.54 (s, 1H), 2.67-2.70 (m, 2H), 1.71-

1.73 (m, 2H), 1.22 (s, 6H); 13C NMR (400 MHz, (CD3)2CO) δ 155.2, 129.9, 129.6, 126.8, 119.6, 115.2, 69.7, 44.1, 29.2, 25.1. 

Anal. (%) calcd for C11H16O2 C 73.30, H 8.95; found C 73.28, H 8.97. in tetrahydrofuran, T= 0 - 20 °C, Yield: 100% [24]. 3) 

aluminum (III) chloride, N-Bromosuccinimide in acetonitrile, Time= 25h, T= 5 - 10 °C , Inert atmosphere, Large scale, 

Reagent/catalyst, Yield: 91% [25]. 4) aluminum (III) chloride, sodium chloride, T= 200 °C , Inert atmosphere, Yield: 91% [26]. 

5) Lithium aluminium tetrahydride in tetrahydrofuran, T= 0 °C, Inert atmosphere, Reflux, Yield: 95% [27]. 6) triethylsilane, 

indium tribromide in toluene, Yield: 93% [28]. 7)  Sulfuric acid, Time= 8h, Heating, Yield: 96% [29]. 8) Nitric acid, acetic 

anhydride, acetic acid, Time= 1h, T= 20 °C, Yield: 76% [30]. 

General Procedure for the step by step synthesis of 2-

(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one Derivatives 

In a 10 mL round-bottom flask equipped with a 

condenser in a microwave oven, 1 mmol of 3-(2-

hydrazinylacetyl)-2H-chromen-2-one (1), and 1 mmol 

of aromatic aldehydes in 1 mL of absolute ethanol were 

irradiated with the power of 325-350 Watt within 3-10 

min. The progress of the reaction was monitored using 

n-Hexane: Chloroform: EtOAc (3: 2: 1). After 

completion of the reactions, the imine products (3a-3h) 

were obtained and washed with diethyl ether and 

recrystallized from absolute ethanol. After the 

successful preparation of imine products (3a-3h), the 

pointed products were identified by melting point and 

FT-IR data. Then, 1 mmol of imine products (3a-3h), 

and 1 mmol of glycine (0.075 g) were irradiated under 

microwave conditions at 550-600 Watt within 25-30 

min. The progress of the reaction was monitored using 

n-Hexane: Chloroform: EtOAc (3: 2: 1). After 

completion of the reactions, the final products (5a-5h) 

were obtained and washed with diethyl ether and 

recrystallized from absolute ethanol. 

General Procedure for the synthesis of graphene oxide 

nanosheets 

Graphene oxide nanosheets were prepared by the 

powder of graphite using a modified Hummer’s method 

[32]. Generally, 10 g of powder of graphite and 5.0 g of 

NaNO3 were mixed with 230 mL of H2SO4 (98%) in a 

5.0 L flask equipped with a condenser in an ice-water 

(0-3 C) bath. The materials were mixed using a 

magnetic stirrer and slowly added 30.0 g of KMnO4, the 

mixture was continued for 2.0 h. The materials were 

moved to a 35 oC water bath and stirred for 0.5 h. Then, 

about 460 mL of distilled water was slowly added to the 

flask and the solution temperature increased to 98 °C 
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and stirred for 0.25 h. Then, 1.4 L of distilled water and 

100 mL of hydrogen peroxide (30%) were sequentially 

added to the material to finish all of the reaction. The 

dark solution was filtered and washed with 5% HCl 

solution. The powder of graphite oxide was obtained 

after drying in a vacuum at 50 °C for 14 h. Then, the 

graphite oxide was dispersed in water and exfoliated by 

ultrasound irradiation to generate GO nanosheets, 

followed by centrifugation to remove unexfoliated 

graphite oxide. 

General Procedure for the one-pot synthesis of 2-(Aryl)-

3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one using graphene 

oxide nanosheets under microwave irradiation 

A mixture of 3-(2-hydrazinylacetyl)-2H-chromen-2-one 

(1) (1 mmol), aromatic aldehyde (2) (2 mmol), and 

glycine (4) (1.2 mmol) in a tall beaker was irradiated 

inside a microwave oven in the presence of 15 mg of 

graphene oxide nanosheets as nanocatalysts. The 

progress of the reaction was checked by TLC (n-hexane: 

chloroform: ethyl acetate 4: 4: 2). After completion of 

the reaction, the materials were cooled to room 

temperature and 30 mL of diethyl ether (6×5 mL) was 

added. The graphene oxide nanosheets were separated 

using the vacuum pump. Then, the solution was 

evaporated by a rotary. After that, the crude products 

were washed with chloroform (5 mL) and water, to 

afford the pure products (5a-5h).  

General Procedure for the recyclability of graphene 

oxide nanosheets 

At the end of the reaction, the graphene oxide 

nanosheets were separated and washed thoroughly using 

water and ethanol. Then, the graphene oxide was dried 

at 50  C for 6 h. The reused graphene oxide nanosheets 

were applied in the one-pot synthesis of 2-(4-

chlorophenyl)-5-methyl-3-((2-oxo-2-(2-oxo-2H-

chromen-3-yl)ethyl)amino)imidazolidin-4-one (5b) for 

7 catalytic cycles. 

Selected Spectroscopic and Physical Data 

3-(2-(2-(2-hydroxybenzylidene)hydrazinyl)acetyl)-2H-

chromen-2-one (3a):Brown Solid, 153 C, The FT- IR 

spectrum (cm-1): 3234.73 (ν C- NH gp ), 3032.20 (ν C-

H, benzene), 2929.97(ν C-H, aliphatic)  1737.92 (ν 

C=O, lactone ), 1680.05(ν C=O ketone), 1610.61 (ν 

C=N, imine) , 1585.54 (δ C-H, benzene) was done. 

3-(2-(2-(4-chlorobenzylidene)hydrazinyl)acetyl)-2H-

chromen-2-one (3b): Orange Solid, 142 C, The FT-IR 

spectrum (cm-1): 3340.82 (ν C- NH gp ), 3032.20 (ν C-

H, benzene), 2839.31(ν C-H, aliphatic), 1739.85 (ν 

C=O, lactone ), 1681.98(ν C=O ketone), 1610.61 (ν 

C=N, imine) , 1585.54 (δ C-H, benzene) occurred. 

3-(2-(2-(4-aminobenzylidene)hydrazinyl)acetyl)-2H-

chromen-2-one (3c): Yellow Solid, 162C The FT- IR 

analysis (cm-1): 3304.17   (ν C- NH gp), 3036.06 (ν C-

H, benzene), 2931.90(ν C-H, aliphatic), 1728.28 (ν 

C=O, lactone), 1681.98(ν C=O ketone), 1604.83 (ν 

C=N, imine) , 1585.54 (δ C-H, benzene) was given. 

3-(2-(2-(4-hydroxy-3-

methoxybenzylidene)hydrazinyl)acetyl)-2H-chromen-2-

one (3d): Yellow Solid, 178C,  The FT-IR analysis (cm-

1): 3437.26 (ν C- OH gp),3340.82 (ν C- NH gp ), 

3020.20(ν C-H, benzene), 2929.97  (ν C-H, aliphatic), 

1741.97(ν C=O, lactone), 1680.05(ν C=O ketone), 

1612.54 (ν C=N, imine), 1585.54 (δ C-H, benzene) was 

obtained. 

2-(2-hydroxyphenyl)-3-((2-oxo-2-(2-oxo-2H-chromen-

3-yl)ethyl)amino)imidazolidin-4-one (5a): Yellow Solid, 

213C The FT-IR  analysis (cm-1): 3414.12br (ν O-H and 

ν N-H, imidazolidine, vib. coupling), 3064.99       (ν C-

H, benzene), 1649 (ν C=O and ν Ν-H, imidazolidine, 

vib. coupling), 1718.63(ν C=O, lactone),1608.69(ν 

C=C, in coumarin ); 1H NMR analysis: δ ppm = 

(3.20,3.32 Hz, 2H, CH2 imidazolidine),(4.27 Hz, 

1H,CH2-NH–CH, imidazolidine), (6.27 Hz, 1H, N–CH–

N, imidazolidine), 7.15 –7.60 (m, 9H, Ar–H),  8.07 (s, 

1H, H-Ar–C=C-), 8.52 (s, 1H, –C=C-H ), 7.94 (s, 1H, 

Ar-O–H) were demonstrated. The signal at 2.82 ppm 

was assigned to DMSO; 13C NMR analysis: δ ppm = 

(53.00 Hz, CH2 imidazolidine), (69.18 Hz, 1H, N–CH–

N, imidazolidine), 134.38–117.26(8C-Ar), 147.11(Ar–

C=C-) was obtained. The signals at 30.92 ppm were 

assigned to DMSO.  

2-(4-chlorophenyl)-5-methyl-3-((2-oxo-2-(2-oxo-2H-

chromen-3-yl)ethyl)amino)imidazolidin-4-one (5b): 

Black  Solid, 203C The FT-IR (cm-1): 3348.54 ( ν N-H, 

imidazolidine ), 3047.63 (ν C-H, benzene), 1597.11 br (ν 

C=O and ν Ν-H, imidazolidine, and ν C=C, in coumarin 

vib. coupling)  , 1720.56(ν C=O, lactone )  ; 1H NMR 

analysis:  δ ppm = (3.30 , 3.18 Hz, 2H, CH2  

imidazolidine), (3.95 Hz, 1H,  CH2-NH–CH, 

imidazolidine) , (6.15 Hz, 1H, N–CH–N, 

imidazolidine),7.15 –7.60 (m, 8H, Ar–H),8.07 (s, 1H, H-

Ar–C=C-),8.52(s, 1H,–C=C-H) were found. The 

signals at 2.92 ppm were assigned to DMSO; 13C NMR 

analysis: δ ppm (53.06Hz, CH2 imidazolidine),(73.65 

Hz, N–CH–N, imidazolidine),134.38–117.26( 8C-Ar ), 
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147.13 (Ar–C=C-) were demonstrated. The signals at 

30.66 ppm were assigned to DMSO.  

2-(4-aminophenyl)-3-(2-oxo-2-(2-oxo-2H-chromen-3-

yl) ethylamino) imidazolidin-4-one (5c): Orange Solid, 

223C The FT-IR spectrum (cm-1): 3350.46 (ν N-H, 

imidazolidine ), 3047.63 (ν C-H, benzene),  1595.18 br (ν 

C=O and ν Ν-H, imidazolidine, and ν C=C, in coumarin 

vib. coupling), 1720.56  (ν C=O, lactone )  ; and 1H 

NMR analysis:  δ ppm = (3.30 , 3.18 Hz, 2H, CH2  

imidazolidine), (3.95 Hz, 1H,  CH2-NH–CH, 

imidazolidine) , (6.15 Hz, 1H, N–CH–N, 

imidazolidine),7.15 –7.60 (m, 8H, Ar–H),8.07 (s, 1H, H-

Ar–C=C-),8.52(s, 1H,–C=C-H) were occurred. The 

signals at 2.79 ppm were assigned to DMSO; 13C NMR: 

δ ppm: (53.03Hz, CH2 imidazolidine), (73.42 Hz, N–

CH–N, imidazolidine), 134.38–117.26(8C-Ar), 147.13 

(Ar–C=C-). The signals at 30.26 ppm were assigned to 

DMSO. 

2-(3-methoxyphenyl)-3-(2-oxo-2-(2-oxo-2H-chromen-

3yl)ethylamino)imidazolidin - 4-one (5d): Yellow Solid, 

234C The FT-IR analysis (cm-1): 3444.98 (ν C- OH gp) 

3333.10 ( ν N-H, imidazolidine ), 3032.20 (ν C-H, 

benzene), 1658.84 br (ν C=O and   ν Ν-H, imidazolidine 

vib. coupling), 1724.42  (ν C=O, lactone ), 1585.54 (δ 

C-H, benzene) ; and 1H NMR:  δ ppm = (3.32 , 3.20 Hz, 

2H, CH2 imidazolidine), (3.44 Hz, 1H,  CH2-NH–CH, 

imidazolidine), (6.58 Hz, 1H, N–CH–N, 

imidazolidine),7.15 –7.60 (m, 8H, Ar–H),8.07 (s, 1H, H-

Ar–C=C-),8.52(s,1H,–C=C-H) were obtained. The 

signals at 2.84 ppm were assigned to DMSO; and 13C 

NMR analysis:   δ ppm (53.00Hz, CH2 imidazolidine), 

(72.71 Hz, N–CH–N, imidazolidine), 134.38–117.26 

(8C-Ar), 147.13 (Ar–C=C) were produced. The signals 

at 30.63 ppm were assigned to DMSO.  

 

3. Results and Discussion 

The importance of coumarines in pharmaceutical and 

drug chemistry was previously recognized for several 

years. Due to the importance of the coumarine based 

compounds, we want to produce 2-(Aryl)-3-((2-oxo-2-

(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-

one through the two different approaches including the 

step by step method under catalyst-free (Scheme 2) and 

one-pot three-component method in the presence of 

graphene oxide nanosheets (Scheme 3).  

 
Scheme 2. Synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one through the step by step 

approach under catalyst-free conditions. 

Scheme 3. One-pot synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one in the presence 

of graphene oxide nanosheets 
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Characterization of graphene oxide nanosheets 

The graphene oxide nanosheets were prepared for 

application in the one-pot synthesis of 2-(Aryl)-3-((2-

oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one. The graphene oxide 

nanosheets were characterized by some techniques 

including FE-SEM, FT-IR and Raman spectroscopy, 

XRD spectroscopy, and classical back acid-base 

titration.  

The morphology of graphene oxide nanosheets was 

shown in Fig. 2. The flat and flake-like sheets of 

nanosheets of graphene oxide were observed in the 

image of FE-SEM. In addition, in Fig. 2, we found that 

graphene oxide nanosheets consist of aggregated and 

crumpled thin sheets which are also seen with wrinkles 

and folds on the surface of graphene oxide nanosheets. 

This result indicated that 2D graphene oxide nanosheets 

may be provided from the exfoliation of graphite oxide 

powder.  

The FT-IR spectrum of graphene oxide nanosheets was 

shown in Fig. 3. Hummer’s modification of graphite 

powder and ultrasound irradiation cuts off the symmetry 

of graphite powder. The peak at about 1579 cm-1 is 

attributed to carbon-carbon double bonds in the sheets 

of graphene oxide. Moreover, other peaks at 3362, 2945, 

1641, 1174, and 1059 cm-1 could be assigned to 

hydrogen-oxygen, carbon-hydrogen, carbonyl, and 

carbon-oxygen stretching modes of functional 

groupssuch as carboxylic, hydroxyl, and epoxy groups 

attached to graphene oxide, respectively [33, 34]. 

 
Fig. 2. FE-SEM image of graphene oxide nanosheet 
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Fig. 3. FT-IR spectrum of graphene oxide nanosheets 

Raman spectrum of graphene oxide nanosheet is shown 

in Fig. 4. The peak named D-band is attributed to 

disorder-induced scattering resulting from the 

imperfection of disorder graphene sheets. The peak 

named G-band is related to an E2g mode of graphite and 

is related to the vibration of sp2 hybridized carbon in a 

2D nanosheets. The D band is displayed at 

approximately 1347 cm-1, and the G band appears at 

about 1580 cm-1. The G-band increase from the 

stretching of C-C bond in graphitic powder, and is 

related to sp2 carbon of honey sheets. The D-band is 

caused by the disordered structure of graphene. The 

other Raman bands are at 2780 cm-1 (2D band), and 

2973 cm-1 (D+G-band) [35]. 

 

 
Fig. 4. Raman spectrum of graphene oxide nanosheets 
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Fig. 5a and Fig. 5b show XRD patterns of graphite, and 

graphene oxide nanosheets. The XRD pattern of 

graphite (Fig. 5a) shows a diffraction peak at about 2= 

26.3 corresponding to the d-spacing of sheets of 

graphene. After the oxidation process, the peak at about 

2= 26.3 was converted to a broad peak and the peak 

at 2= 12 was displayed. The interlayer spacing (d-

spacing) of graphene oxide was calculated to be 0.94 nm 

which revealed the introduction of oxygen functional 

groups on graphene sheets (Fig. 5b) [36]. 

The density of such as COOH and OH was measured by 

classical back acid-base titration. The classical back 

acid-base titration showed that the amount of hydrogen 

acidic was 5.6 mmol. g-1.  

Optimization Synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-

2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one 

Derivatives (step by step method) 

To optimize the reaction conditions for the formation of 

2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one Derivatives using 

the step by step method, we applied this optimization 

using the reaction of 3-(2-hydrazinylacetyl)-2H-

chromen-2-one (1) and 4-chlorobenzaldehyde under 

catalyst-free conditions as a model reaction under 

microwave irradiation (Step 1) (Table 1). In step 2, the 

glycine was reacted with the final product of step 1 to 

obtain the desired product. For finding  the appropriate 

solvent, different solvents including water, methanol, 

ethanol, and acetonitrile were checked in the model 

reaction (Table 1, entries 1-4). As shown in this Table, 

entry 3 gave the best yield for the medium of the model 

reaction. Therefore, ethanol solvent was selected as a 

reaction medium. Notably, ethanol is quickly warmed 

by microwave irradiation [37] For optimization of the 

power of microwave irradiation, different tests were 

performed (Table 1, entries 4-6). An increase in power 

of microwave (325 to 350 Watt) led to the decreased 

yield of the model reaction and increased time of the 

desired products. Entry 3 was the best optimum reaction 

conditions for the synthesis of 2-(Aryl)-3-((2-oxo-2-(2-

oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one 

Derivatives using step by step method. 

Optimization Synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-

2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one 

Derivatives (one-pot method) 

To optimize the reaction conditions for the synthesis of 

2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one Derivatives using 

the one-pot method, we applied this optimization using 

the reaction of 3-(2-hydrazinylacetyl)-2H-chromen-2-

one (1), glycine, and 4-chlorobenzaldehyde under 

microwave conditions in the presence of graphene oxide 

nanosheets as a model reaction (Table 2). Entry 3 was 

the best condition for the one-pot method.

 
Fig. 5. XRD pattern of a) graphite powder and b) graphene oxide nanosheets 
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Table 1. Optimization synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one using 

step by step methoda 

 
Entry Solvent Power MW (Watt) Time (min) Yield (%)b 

1 H2O 325 9 69 

2 CH3OH 325 12 70 

3 C2H5OH 325 5 94 

4 CH3CN 325 15 62 

5 C2H5OH 300 9 93 

6 C2H5OH 350 6 90 

a)General reaction conditions: 3-(2-hydrazinylacetyl)-2H-chromen-2-one (1 mmol), 4-chlorobenzaldehyde (1 mmol), 

glycine ( 1 mmol), solvent: 1 mL. b) Isolated yield. 

Table 2. Optimization synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one using 

one-pot methoda 

 
Entry Solvent Catalyst (mg) Power MW 

(Watt) 

Glycine (mmol) Time (min) Yield (%)b 

1 H2O 15 300 1.2 13 79 

2 CH3OH 15 300 1.2 9 80 

3 C2H5OH 15 300 1.2 5 98 

4 CH3CN 15 300 1.2 6 82 

5 C2H5OH 12 300 1.2 10 85 

6 C2H5OH 20 300 1.2 5 95 

7 C2H5OH 15 285 1.2 20 68 

8 C2H5OH 15 325 1.2 5 91 

9 C2H5OH 15 300 1.0 5 86 

10 C2H5OH 15 300 1.5 5 97 

a)Reaction conditions: 3-(2-hydrazinylacetyl)-2H-chromen-2-one (1 mmol), 4-chlorobenzaldehyde (1 mmol), glycine ( x 

mmol), solvent: 1 mL. b) Isolated yield. 

Synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-

3-yl)ethyl)amino)imidazolidin-4-one derivatives 

As shown in Table 3, a range of aromatic aldehydes was 

employed to show the applicability and merit of this 

approach in the synthesis of 2-(Aryl)-3-((2-oxo-2-(2-
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oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one 

derivatives using two methods including step by step 

and one-pot method. To  generalize optimum reaction 

conditions, different derivatives of 2-(Aryl)-3-((2-oxo-

2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-

4-one were prepared under optimized reaction 

conditions as discussed above. The reaction via the step-

by-step method smoothly proceeded to give the 

corresponding products in moderate yields and longer 

reaction times relative to the one-pot method. As can be 

seen in this Table, the aromatic aldehydes with EW 

groups on the ortho- or para- positions accelerated the 

time of the reaction and improved the yield of desired 

products compared with ED groups on ortho- or para- 

positions of aldehydes. 

Table 3. Synthesis of 2-(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one derivatives using step by 

stepa and one-potb method 

 

 
 Step by Step Method One-pot Method 

No R Imine 

Yield 

(%)c 

(3a-3h) 

Product 

(5a-5h) 

Time 

(min) 

Yield 

(%)d 

TONe TOF 

(h-1)f 

Time 

(min) 

Yield 

(%)d 

TONe TOF 

(h-1)f 

1 2-OH 78 

 

26 74 13.2 30.5 6 94 16.8 168.0 

2 4-Cl 72 

 

25 65 11.6 27.9 5 98 17.5 218.7 

3 4-

NH2 

90 

 

28 83 14.8 31.7 7 89 16.0 133.3 
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4 3-

OCH3 

69 

 

30 73 13.0 26.0 8 90 16.1 123.8 

5 H 85 

 

25 86 15.4 37.0 7 91 16.3 135.8 

6 4-Br 81 

 

26 79 14.1 33.9 6 96 16.0 160.0 

7 4-

NO2 

68 

 

27 81 14.5 32.2 4 94 16.8 240.0 

8 4-F 77 

 

20 89 16.0 48.0 6 95 17.0 170.0 

a)General reaction conditions for step by step method: 3-(2-hydrazinylacetyl)-2H-chromen-2-one (1 mmol), aldehyde (1 

mmol), glycine ( 1 mmol), Ethanol: 1 mL. b) General Reaction conditions for one-pot method: 3-(2-hydrazinylacetyl)-2H-

chromen-2-one (1 mmol), aldehyde (1 mmol), glycine (1.2 mmol), graphene oxide 15 mg ethanol: 1 mL. c) Isolated yield. d) 

Isolated yield. e) TON: mmol of the product/mmol of active site of the catalyst. f) TOF: TON/time of the reaction (h). 

Fig. 6 displays the reusability of the graphene oxide 

nanosheets after 7th run. At the end of the reaction, the 

graphene oxide nanosheets were separated and washed 

thoroughly using water and ethanol. Then, the graphene 

oxide was dried at 50  C for 6 h. The reused graphene 

oxide nanosheets was applied in the one-pot synthesis 

of 2-(4-chlorophenyl)-5-methyl-3-((2-oxo-2-(2-oxo-

2H-chromen-3-yl)ethyl)amino)imidazolidin-4-one (5b) 

for 7 catalytic cycles. 

In Scheme 4, the mechanism of the synthesis of 2-

(Aryl)-3-((2-oxo-2-(2-oxo-2H-chromen-3-

yl)ethyl)amino)imidazolidin-4-one using step-by-step 

and one-pot method is presented. Depending on the 

approach based on step by step or one-pot route, 

different routes can  occur . In step by step route, a 

condensation reaction between 3-(2-hydrazinylacetyl)-

2H-chromen-2-one and aryl aldehyde occurred to 

produce imine intermediate. Then, 2-aminoacetic acid 

or glycine attacked to imine intermediate to produce the 

final product. In addition, in the one-pot method, two 

proposed paths could be taken as path A and path B.  

4. Conclusions 

In conclusion, two different methods were introduced 

for the synthesis of 2-(aryl)-3-((2-oxo-2-(2-oxo-2H-

chromen-3-yl)ethyl)amino)imidazolidin-4-one 

including the step by step and one-pot methods. Our 

results showed that the one-pot method was better than 

step by step method in terms of TON, TOF, time of the 

reaction, and yield of the reaction. The used catalyst for 

the one-pot method was graphene oxide nanosheets 

prepared according to Hummer’s method. The graphene 

oxide nanosheets were characterized by different 

techniques such as FE-SEM, FT-IR, XRD, and Raman 

spectroscopy. The graphene oxide nanosheets show the 

reusability for 7th run without loss of their catalytic 

activity. 
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Scheme 4. A reasonable mechanism route for the two routes including step-by-step and one-pot methods
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