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Abstract 

The present work demonstrates a modified protocol for thesynthesis of Europium (Eu) anchored 

iminodiacetic acid functionalized silica modified core-shell CoFe2O4 magnetic 

nanoparticles.This is the first report of Eu immobilized nanocomposite in the synthesis of 

biologically active organic compounds. The structural and physicochemical characteristics of the 

material wereevaluated using different analytical techniques such asFourier transformed infrared 

spectroscopy (FT-IR), Field Emission Scanning Electron Microscopy (FESEM), Energy 

Dispersive X-ray Spectroscopy (EDX), X-ray Elemental Mapping (WDX) and X-ray Diffraction 

study (XRD). The Eu(III)/IDA/CPTS/CoFe2O4 nanocomposite was catalytically investigated in 

the multicomponent green synthesis of diverse substituted tetrahydrobenzo[b]pyrans by coupling 

dimedone, malononitrile and a wide range of aromatic aldehydes. The magnetically retrievable 

catalyst was stable enough to be reused up to six consecutive times in the reaction without 

considerable loss in activity. 

 
Keywords: Magnetic NP; Iminodiacetic acid; Eu(III) catalysis; Multicomponent reaction (MCR); 

Tetrahydrobenzo[b]pyran; Reusablility.  
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1. Introduction 
 
In current material science the synthesis and applications of advanced functional nanomaterials 

has garnered high attention due to their distinctive characteristics like site selective chemical 

properties, tunable size and shape dependent physical properties, large surface to volume ratio, 

exceptional thermal and mechanical stability etc 1-3. In continuation to that trend, the use of 

magnetic nanoparticles in heterogeneous green catalysis has become highly significant based on 

their easy recovery from the reaction solutions and facile recycling by an external magnet, cost-

effectiveness and bio-compatibility.4,5 In addition, they acquire high surface to volume ratio, 

enhanced reactivity due to large number of active sites, high selectivity and thermal stability.6 

Due to such implications, magnetic nanoparticles (MNPs) have been greatly used in many 

catalytic reactions such as, oxidation,7
 C-C and C-heteroatom coupling,8,9 

condensation,10cycloaddition,11 photocatalysis, drug delivery12 and sensors13.  

Among the different magnetic nanomaterials, transition metal ferrites are of special priority due 

to their uniqueelectronic, catalytic and magnetic behaviors.5 The spinel ferrites possess general 

formula MFe2O4 (M = Mn2+, Fe2+, Co2+, Ni2+, Cu2+ and Zn2+),commonly known as multiferrites. 

Owing to their special structural designs, they are more stable and bear higher paramagnetism 

than bare Fe3O4.
5 In particular, CoFe2O4 acquires special attention due to its applications in 

different fields like sensing, catalysis, electronics, magnetism and medicinal therapeutics.14 

Moreover, the large number of surface hydroxyl groups present in their peripheri facilitates them 

towards surface modifications with suitable organic ligands.15-16 These organic linkers can be 

exploited to introduce a secondary layer of metal species as active constituent in catalysis.5 In 

this article, we actually have adopted this very concept and introducediminodiacetic acid (IDA) 
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as the organic linker. IDA is a bis-glycine analog and a very good chelating ligand binding the 

incoming metal in (1 : 2) ratio (Scheme 1). 

4H-pyran derivatives are important class of heterocyclic motifs having tremendous biological 

applications.17 Specifically, tetrahydrobenzo[b]pyrans have been reported to have plethora of 

pharmacological activities.18 They are important antitumor,anti-cancer,19
 antiviral, 

antiallergenic,anti-ancaphylactic,anti-coagulant,antileishmanial,spasmolytic and diuretic 

compounds20,antioxidant, antibacterial,21 and antifungal22
 compounds. They also have been 

accounted for cognitive enhancers in the treatment of various neurodegenerative diseases, 

including Alzheimer’s disease,Huntington’s disease, Down’s syndrome, AIDS-associated 

dementia,23
 Parkinson’s disease,24

 and treatment of schizophrenia.25 Some of the significant 

bioactive benzo[b]pyran derivatives have been shown in Fig 1.  

Considering all these implications, synthesis of the scaffold has been of great interest and 

thereby a number of synthetic methodologies have been explored by several groups.26-28Keeping 

in view of sustainable chemistry, multicomponent reaction (MCR)29,30 has been the most 

promising protocol for the synthesis of such molecular hybrid. Thereby, the target molecule 

could be built up by assembling dimedone, malononitrile and aldehydes. Different catalysts have 

been reported for that procedure, like SiO2 NPs,31 Bi2WO6 NPs,32 Ni0.5Zn0.5Fe2O4@HA-PRS 

NPs,33 caffeine supported silica,34
 ZnO-β zeolite,35

 etc. Nonetheless, keeping in mind of their 

own intrinsic worth, there is always scope of method development for the synthesis following the 

pathway of sustainable green catalysis. Thereby, as part of  our ongoing research based on the 

multicomponent reaction,36-39 we would like to report the Eu (Europium) anchored iminodiacetic 

acid (IDA) ligand functionalized CoFe2O4 nanoparticles as a magnetically isolable  nanocatalyst 

towards the multicomponent synthesis of  2-amino-3-cyano tetrahydrobenzo[b]pyrans for the 
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first time (Scheme 1 and 2). All the reactions were performed in ethanolic media at room 

temperature and excellent yields were obtained in short reaction times.   
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Fig.1. Examples of some bioactive molecules containing benzo[b]pyran scaffold 

 

Scheme 1. Synthesis of Eu@MNPs nanocomposite 
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Scheme 2. Eu nanocomposite  catalyzed multicomponent synthesis of tetrahydrobenzo[b]pyrans   

 

2. Experimental 

2.1 Materials and instrumentations 

The chemicals necessary for the synthesis of catalyst, such as, FeCl3.6H2O, CoCl2.6H2O, 3-

chloropropyl trimethoxysilane (CPTMS), iminodiacetic acid (IDA) and Eu(NO3)3were purchased 

from Sigma-Aldrich. The chemicals required for organic synthesis and the essential solvents 

were purchased from Merck. All the reagents were used as such without further purification. FT-

IR analysis (KBr disc)was done using a VRTEX 70 model BRUKER FT-IR spectrophotometer. 

The particle morphology, shape, size and atomic mapping of the material were studied using a 

FESEM-TESCAN MIRA3 microscope equipped with EDX (TSCAN). In order to analyze the 

crystallite nature powder XRD wasrecorded using Co Kα radiation (λ= 1.78897 Å) with an 

operating voltage of 40 keV and a cathode current of 40 Ma in the scanning range of 2θ = 20 to 

80o. Melting points were recorded in an Electrothermal 9100 apparatus. 

 

2.2 Synthesis of CoFe2O4 nanoparticles 

2.63 g of FeCl3.6H2O and 1.19 g of CoCl2.6H2O were dissolved in 50 mL of deionized water 

under vigorous stirring. 1: 1 aqueous ammonia solution was added to the mixture dropwise and 
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stirred at 80 ºC for 30 min. Immediately the NP formation started  as indicated by blackening of 

the solution. The products were isolated using a magnet and subsequently washed several times 

with deionized water followed by ethanol. Finally they were dried at 60 ºC for overnight. 

 

2.3 Synthesis of CPTS functionalized CoFe2O4 nanoparticles (CPTS@CoFe2O4) 

For surface modification,1.0 g of the CoFe2O4 NP was suspended in 30 mL anhydrous toluene 

and 1.5 mmol of 3-CPTES was added dropwise. The resulting mixture was refluxed for 24 h 

under stirring condition. After completion, the obtained grey product was separated using an 

external magnet and washed with ethanol for several times. Finally it was dried in oven at 60 oC. 

 

2.4 Synthesis of IDA/CPTS@CoFe2O4 nanocomposite 

For the ligand functionalization, 1.0 g of the CPTS@CoFe2O4 composite was dispersed in 30 mL 

anhydrous toluene and a 10 mL solution of iminodiacetic acid (IDA) (1.5 mmol) ligand in 

toluene was added dropwise.The resulting mixture was then refluxed for 48 h to have 

IDA/CPTS@CoFe2O4 nanocomposite. It was again isolated and processed for the next step in 

previous manner.  

 

2.5 Synthesis of Eu@MNPs nanocomposite  

In this final step the IDA/CPTS@CoFe2O4 nanocomposite (1.0 gm) andEu(NO3)3 (2.5 mmol) 

were mixed in ethanol (30 ml). The mixture was refluxed for 16 h, filtered, washedthoroughly 

with ethanol and dried in vacuum to have the Eu@MNPs nanocomposite. 

2.6Multicomponent synthesis of 2-amino-4-aryl-3-cyano tetrahydrobenzo[b]pyrans 
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In the typical procedure dimedone (1.0 mmol), malononitrile (1.1 mmol) and aryl aldehyde (1.0 

mmol) were mixed together in 10 mL ethanolin presence of 0.03 gm catalyst and stirred at room 

temperature for requisite time period. After completion (checked by TLC), a solid mass appears 

in the reaction medium. The catalyst was isolated from the reaction flask by using a magnetic 

stick. The corresponding product, 2-amino-4-aryl-3-cyanotetrahydrobenzo[b]pyran was filtered 

and recrystallized from hot ethanol. 

Spectral data of 2-amino-4-(2-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (4b) 

1H NMR (300 MHz, DMSO-d6): δ = 0.89 (3H, s, CH3), 0.99 (3H, s, CH3), 1.96 (2H, dd, CH2, 

2J=15.9 Hz), 2.16 (2H, dd, CH2, 
2J=16.2 Hz), 4.91 (1H, s, CH), 7.20 (2H, br s, NH2), 7.32 (1H, 

d, Ar, 3J=9 Hz),7.41 (1H,t, Ar), 7.64 (1H, t, Ar), 7.78 (1H, d, Ar, 3J=9 Hz). 13C NMR (75 MHz, 

DMSO-d6): δ = 27.13 (2CH3), 28.75 (C(CH3)), 30.38 (CH), 32.30, 50, 56.80 (C(CN)), 112.78, 

119.45, 124.18, 128.31, 130.74, 134.03, 139.44, 149.43, 159.66, 163.19 (C-NH2), 196.29 (C=O). 

Spectral data of 2-amino-4-(3-methoxyphenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (4o) 

1H NMR (300 MHz, DMSO-d6): δ = 0.95 (3H, s, CH3), 1.02(3 H, s, CH3) 2.07 (2H, dd, CH2, 

2J=15 Hz), 2.22 (2H, dd, CH2, 
2J=15 Hz), 3.69 (3H, s, OCH3), 4.12 ( 1H, s, CH), 6.63 ( 1H, s, 

Ar), 6.67 (1H, d, Ar, 3J=9 Hz), 6.74 (1H, d, Ar, 3J=9 Hz), 7 (2H, br s, NH2), 7.19 (1H, t, Ar). 13C 

NMR (75 MHz, DMSO-d6): 27.42 (2CH3), 28.79 (C(CH3)), 32.39, 35.77 (CH), 50.79, 55.45 

(OCH3), 58.76 (C(CN)), 111.85, 113.19, 113.88, 120.16, 120.56, 130.20, 146.87, 159.28, 159.59 

(C-NH2), 163.27 (C-OMe), 196.27 (C=O). 
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3.  Results and Discussion 

3.1 Catalyst characterizations 

We successfully synthesized the nanocomposite following post-functionalization approach. The 

magnetic core NP provides the necessary arrangement for surface modification. The covalently 

bonded organic molecule, IDA, is a tetradentate ligand and binds the incoming metal (Eu) in 1 : 

2 fashion. The nanocomposite so prepared was systematically characterized using various 

analytical techniques likeFourier Transformed Infrared Spectroscopy (FT-IR), Scanning Electron 

Microscopy (SEM), Energy Dispersive X-ray Electron Spectroscopy (EDX), Wavelength 

dispersive X-ray Electron Spectroscopy (WDX) and X-ray diffraction (XRD) studies.Fig. 2 

represents aone-plot comparison of FT-IR spectra of bare CoFe2O4, 

CPTS@CoFe2O4,IDA/CPTS@CoFe2O4 and Eu@MNPs composites.A sharp characteristic peak 

appeared at around 590 cm-1 is due to strong metal-oxygen absorption in CoFe2O4 (Fig. 2a). The 

hydroxyl functionalities (O-H) over the spinel surface arerepresented by a broad peak at around 

3350-3400 cm-1.The typical C-H stretching vibrations, representing the chloropropyl 

functionalized MNP, appears at 2900 cm-1 in Fig. 2b. IDA functionalization is justified by the 

strong absorption peaks from COOH group at 1720 cm-1(C=O stretch) and 1400 cm-1 (O-H 

bend) respectively. O-H stretching frequency from COOH group overlaps with the 

CoFe2O4surface hydroxyl groups. Spectrum of the two nanocomposites,IDA/CPTS@CoFe2O4 

and Eu@MNPs (Fig 2c and 2d) looks alike, which implies that the basic skeletonsremained 

intact even after metal grafting at final stage. However, the Eu attachment to the matrix is 

exhibited in the widening of C=O stretching peak as shown in Fig 2d. 
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Fig. 2. FT-IR spectra of a) CoFe2O4, b) CPTS@CoFe2O4, c) IDA/CPTS@CoFe2O4 and d) 

Eu@MNPs 

The particle morphology and external texture of the synthesized nanocomposite 

(Er/IDA/CPTS@CoFe2O4)was elucidated by SEM analysis. Fig. 3 represents the images at 

different magnifications. The material is of fluffy cotton type which might be due to surface 

modifications. Typically, a bilayer particulate nature is observed from the images.The small 

grains of particles extended over the whole surface matrix signifiesthe surface modified active 

molecules. Higher concentration during sampling is the reason for agglomeration of particles.  
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Fig. 3. SEM images of Eu@MNPs nanocomposite at different magnifications. 

In order to evaluate the elemental composition and structural identity,theEnergy-Dispersive X-

ray spectroscopy (EDX) of the Eu@MNPs nanocompositewas carried out and the spectrum is 

presented in Fig. 4.The proposed organic environment around the magnetic core also could be 

assessed in this analysis. IDA and CPTS attachment are being confirmedby the presence of C, N, 

O and Si species in the profile. It also exhibits Fe, Co and Eu atoms asmetallic constituantin the 

nanocomposite. 
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Fig. 4.EDX spectrum of the Eu@MNPs nanocomposite 

The X-ray atomic mapping or wavelength dispersive X-ray spectroscopy (WDX) is another 

powerful device todemonstrate the atomic distribution over the catalyst surface with great 

accuracy. A selected area of SEM image of the composite is scanned with X-ray in the analysis 

and the result is displayed in Fig. 5. Interestingly, all atoms comprising the material are very well 

dispersed throughout. It clearly reveals the higher concentration of Fe, Co and O atoms as 

compared to C, N and Eu.This signifies that the concentrated inner core is made up of CoFe2O4 

and a thin layer of organic functions being bonded to its surface including the Eu at its periphery. 

The existence of C, N and O atoms additionally confirms the successful attachment of IDA over 

CoFe2O4. 
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Fig. 5. The X-ray atomic mapping of Eu@MNPs  nanocatalyst. 

To conclude the catalytic characterizations, X-ray diffraction (XRD) study was carried out in 

order to assess the phase purity and crystallinity of the nanocomposite.It displays a single 

phase throughout the scanning zone without any phase separation. The diffraction pattern 

bears a resemblance to that of polycrystalline CoFe2O4 nanostructure as being authenticated 

from standard JCPDS values.This evidently substantiates that the basic crystalline phases 

remains unaltered even after the necessary surface engineering.The peaks appeared in the 

XRD profile correspondto (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1) and (4 4 0) crystal planes 

respectively (Fig. 6). 
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Fig. 6. The X-ray diffraction pattern of Eu@MNPs  nanocatalyst 

 

3.2 Analysis of reaction data 

After completion of a rigorous chapter of catalyst synthesis and detailed characterizations,it was 

the turn to explore the catalytic applications and hence we opted for thesynthesis of substituted 

tetrahydrobenzo[b]pyransby multicomponent coupling over Eu@MNPs nanocatalyst.However, 

at the outset, optimization of reaction conditions appeared important by selecting a probe 

reaction between dimedone, malononitrile and 4-chlorobenzaldehyde and then different 

conditions like solvent, catalyst load and temperaturewere imposed over it. The results are 

documented in Table 1. 

 

Table 1. Optimization of reaction conditions for the synthesis of 2-amino-4-(4’-chloroaryl)-3-

cyanotetrahydrobenzo[b]pyrans* 
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Entry solvent temperature Amount of 
catalyst(g) 

Time (min) Yield (%) 

1 H2O r.t.  60 Trace 

2 H2O reflux  60 30 

3 H2O r.t. 0.03 60 70 

4 EtOH r.t. 0.01 60 70 

5 EtOH r.t. 0.02 60 85 

6 EtOH r.t. 0.03 25 96 

7 EtOH r.t. 0.04 25 96 

8 CHCl3 r.t. 0.03 25 83 

9 CH3CN r.t. 0.03 25 91 

*Reaction conditions: Dimedone : malononitrile : aldehyde = 1: 1.1 : 1 (mmol), Eu@MNPs catalyst 

 

Keeping in view of energy conservation, we preferred to carry out the reactions at room 

temperature. While screening with different solvents like water, ethanol, chloroform and 

acetonitrile, it was observed that the reaction afforded the best result in ethanol (entry 6-7, Table 

1). Only a trace of product was found in the absence of any catalyst (entry 1, Table 1). Even 

under reflux in water at catalyst-free condition, the yield was not improved. Again, when the 

reaction was tested with different amount of catalyst load, 0.03 g was found to be the optimum. 

So, the best condition for the probe reaction was finally set to carry out in ethanol at room 

temperature in the presence of 0.03 g of catalyst.Now, after having the standard conditions in 

hand, it was the turn to establish the generality of the conditions and thereby a wide range of aryl 

aldehydes were reacted with dimedone and malononitrile under the optimized conditions. 

Different electron withdrawing (F, Cl, Br, NO2) and electron donating (OH, OCH3, CH3, NMe2) 

group substituted aryl aldehydes were well compatible under the reaction conditions and 
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produced excellent yields in short reaction times. The results with isolated yields have been 

shown in Table 2.All the reactions were found to complete within 25-40 minutes. The products 

were known and were authenticated by matching with their corresponding melting points. 

 

Table 2. Synthesis of diverse substituted tetrahydrobenzo[b]pyrans* 

Entry Aldehyde Product Time 
(min) 

Yields 
(%) 

M.p. (Obs) 
(°C) 

M.P. (Lit) 
(°C) 

 
 
 
1 

O

Cl
2a  

 
 
 

 

 
 
 

25 

 
 
 

96 

 
 
 

216-219 

 
 
 

217-219 
(40) 

 
 
 
2 
 
 
 
 
 

 

 

 
 
 

34 

 
 
 

94 

 
 
 

215-218 

 
 
 

214-216 
(41) 

 
 
 
3 
 
 
 
 
 

 

 

 
 
 

35 

 
 
 

92 

 
 
 

237-239 

 
 
 

234-236 
(42) 

 
 
 
4 
 
 
 

 

O

CN

NH2

O

4d

Cl

Cl

 

 
 
 

25 

 
 
 

93 

 
 
 

183-184 

 
 
 

184-186 
(43) 



16 
 

 
 
 
 
 
 
5 
 
 
 
 
 

 

 

 
 
 

30 

 
 
 

92 

 
 
 

186-188 

 
 
 

185-189 
(44) 

 
 
 
6 
 
 
 
 
 

 

 

 
 
 

30 

 
 
 

91 

 
 
 

201-203 

 
 
 

205-207 
(26) 

 
 
 
7 
 
 
 
 

 

 

 
 
 

35 

 
 
 

90 

 
 
 

197-199 

 
 
 

199-201 
(45) 

 
 
 
8 
 
 
 
 
 
 

 

 

 
 
 
 

27 

 
 
 
 

94 

 
 
 
 

153-155 

 
 
 
 

157-159 
(46) 

 
 
 
9 
 
 
 

 

 

 
 
 

30 

 
 
 

91 

 
 
 

240-241 

 
 
 

236-238 
(41) 



17 
 

 
 
 
 
 

10 
 
 
 
 

 

 

 
 
 
 

30 

 
 
 
 

92 

 
 
 
 

218-221 

 
 
 
 

218-219 
(47) 

 
 
 
 

11 
 
 
 
 

 

 

 
 
 
 

35 

 
 
 
 

88 

 
 
 
 

229-232 

 
 
 
 

223-225 
(48) 

 
 
 
 

12 
 
 
 
 

 

 

 
 
 
 

40 

 
 
 
 

94 

 
 
 
 

198-200 

 
 
 
 

201-203 
(49) 

 
 
 
 

13 
 
 
 
 

 

 

 
 
 
 

40 

 
 
 
 

85 

 
 
 
 

213-215 

 
 
 
 

215-217 
(50) 
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40 

 
 
 
 

84 

 
 
 
 

210-212 

 
 
 
 

213-215 
(48) 
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15 
 
 
 
 

 

O

CN

NH2

O

4o

OH

O

 

 
 
 
 
 

30 

 
 
 
 
 

87 

 
 
 
 
 

233-236 

 
 
 
 
 

237-239 
(48) 

 
 
 

16 
 
 
 
 

 

 

 
 
 
 

40 

 
 
 
 

86 

 
 
 
 

178-180 

 
 
 
 

181-183 
(46) 

 
 
 

17 
 

 

 
 
 

35 

 
 
 

94 

 
 
 

234-236 

 
 
 

238-240 
(28) 

*Reaction conditions: Dimedone : malononitrile : aldehyde = 1: 1.1 : 1 (mmol), 0.03 g Eu@MNPs catalyst, EtOH, 
room temperature stirring. 

 

The plausible mechanistic pathway has been depcted in Fig. 7. Aryl aldehyde and malononitrile 

being activated over the Eu@MNPs nanocomposite undergoes classical Knoevenagel 

condensation to generate the intermediate I. Dimedone, the active methylene component then 

undergoes Michael type addition to I to produce the intermediate II. Subsequently, cyclization 

occures via the enolic oxygen affording III. This finally undergoes imine-enamine 

tautomerisation to afford the final product IV. 
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Fig. 7. A practical mechanism towards the tetrahydrobenzo[b]pyranover Eu@MNPs core-shell 
nanocomposite 

 

3.3 Study of reusability 

The prime reason to use a magnetic nanocatalyst is the easy isolation from the reaction mixture 

and its reusability. In view of current green perspectives, this is an important criterion too. 

Thereby, after completion of a fresh batch of the probe reaction, the Eu@MNPs nanocomposite 

was retrieved using an external bar magnet, washed with solvents and dried. The regenerated 

catalyst was again used in the further batches of reactions to study its stability and efficiency. 

Interestingly, it retained its activity for the successive six cycles. The result has been depicted in 

Fig. 8. 
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Fig. 8. Study of reusability with the Eu@MNPs nanocatalyst. 

 

3.4 Exclusivity of the catalytic results: 

In order to show the the usefulness of Eu@MNPs catalyst, it was compared with other 

potentially feasible reported heterogeneous catalysts towards the synthesis of  a particular 

tetrahydrobenzo[b]pyran derivative (2a) and the results have been documented in table 3. 

Evidently, in terms of yield, reaction time and reaction conditions, our protocol is superior to the 

shown catalytic results. 

 

Table 3. Comparison of catalytic performance of Eu@MNPs catalyst with that other recently 

studied catalysts 

Sl no. Reaction conditions Time (min)  Yield
% 

 Ref. 

1 Fe3O4@SiO2@5-SA, 0.02 g, H2O, 60 °C  100 92  51 

2 TMDPS, ball mill, solvent free, 5 mol%, RT 30 96  52 

3 Fe3O4@g-C3N4, 0.02 g, EtOH, 60 ºC 60 95  53 
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4 Fe3O4@THAM@PhSO3H, 0.01 g, EtOH/H2O, 100 ºC 15 90  54 

5 [MPim][HSO4]@SBA15, 2 mol %, H2O, 45 ºC 120 90  55 

6 γ-Fe2O3 DMNP, 10 mol%, H2O, RT 

 

300 

 

90  56 

 

7 NH4H2PO4/Al 2O3, 0.03 g, EtOH, 78°C 15 92  57 

8 

9 

10 

11 

12 

13 

Fe3O4@SiO2/DABCO, 0.05 g,H2O, 80 °C 

MMWCNTs-D-(CH2)4SO3H, 0.04 g, EtOH, 78°C 

GO-Si-NH2-PMo, 0.02 g, solvent free, 90 °C 

TiO2/H2SO4, EtOH, US, 40 °C   

Fe3O4@D-NH2-HPA, 0.02 g, EtOH, 78°C 

Eu@MNPs, 0.03 g, EtOH, RT 

25 

12 

3 

15 

5 

25 

90 

98 

97 

94 

91 

96 

 

 58 

59 

60 

61 

62 

This work 

 

 

4. Conclusion 

In conclusion, we report herein the facile synthesis of the rare earth Eu(III) immobilized over a 

tetradentate ligand iminodiacetic acid (IDA) functionalized silica modified magnetic 

CoFe2O4nanocomposite for the first time. The catalyst was then exploredtowards the convenient 

and mild synthesis of diverse range of tetrahydrobenzo[b]pyran derivatives under simply stirring 

in ethanol at room temperature. The catalyst was so efficient that excellent yields were obtained 

in short reaction times in all the reactions irrespective of nature of substitutions of the 

substrates.Due to strong magnetic core, the catalyst was easily recovered and reused in six 

consecutive cycles without a significant loss in catalytic activity.  
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Highlights 

• Europium (Eu) anchored iminodiacetic acid functionalized silica 

modified core-shell CoFe2O4 magnetic nanoparticles is produced. 

 

• For the first time, utilization of Europium (Eu) to the preparation of 

hetereogeneous catalysts and the biologically and pharmaceutically 

organic compounds is developed. 

 

• It was characterized by FT-IR, SEM, EDX, and XRD analyses. 

 

• It was successfully performed for the synthesis of diverse substituted 

tetrahydrobenzo [b] prawns in green conditions. 

 

• It can be easily recovered by an external magnet and reused six 

times. 
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