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Bio-inspired synthesis of mixed-phase Fe;O; magnetic nanorods as a

novel recoverable heterogeneous catalyst for Biginelli synthesis

Abstract

For the first time, mixed-phase (Hematite and Maghemite) magnetic Fe2O3 nanorods were

successfully biosynthesis by sol-gel auto-combustion method using the 1:1 mixture of
Eucalyptus citriodora and Murraya koenigii leaf extract as a capping agent, and its catalytic

effect on synthesis of ethyl 1,2,3,4-tetrahydro-6-methyl-2-oxo0-4-arylpyrimidine-5-carboxylate

(THPMs) derivatives were investigated. Further, the phase formation, surface topography, and

crystallinity of biosynthesized Fe;O3 nanorods (NRs) were explored using powder XRD (X-
Ray Diffraction), UVDRS (UV-Visible Reflectance Spectroscopy), FTIR (Fourier Transform
Infrared Spectroscopy), FESEM (Field Emission Scanning Electron Microscopy), EDX
(Energy Dispersive X-Ray), and VSM (Vibrating Sample Magnetometry). Furthermore, the
catalytic activity of biosynthesized Fe;O3 NRs was examined for one-pot synthesis of ethyl
1,2,3,4-tetrahydro-6-methyl-2-0x0-4-arylpyrimidine-5-carboxylate via Biginelli reaction. To
achieve high yields (93-99 %) of ethyl 1,2,3 ,4-tetrahydro-6-methyl-2-oxo-4-arylpyrimidine-5-
carboxylate derivatives, this heterogeneous catalytic method is used with a wide range of
aromatic aldehydes within a minimum reaction time, simple reaction work-up, and easily
recoverable catalyst by an external magnet. The recovered catalyst is then employed for five
successive cycles without non-noticeable loss of catalytic activity. We believe that this protocol

presents a broad scope for Biginelli reaction through greenly produced and magnetically

separable heterogeneous catalysts.

Keywords: Green synthesis; Biginelli reaction; Fe;03 NRs; Heterogeneous catalysis

1. Introduction

The 2-0x0-1,2,3 4-tetrahydropyrimidines-THPMs (The former name is 3,4-dihydropyrimidin-
2(1H)-ones-DHPMs) Safford’s are an important class of heterocyclic compounds known for
wide range of biological activities including anti-HIV [1], antibacterial, antifungal, anti-
dant, anti-inflammatory [2], and anticancer [3] as well as potential agents in

tubercular, antioxi1 F
diseases including diabetes, Alzheimer's disease [4, 5], and other neuros

the treatment of many

diseases [3].
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THPMs are a unique scaffold for constructing and creating biologically important medicines

and agents for anti-tumour [3], and Alzheimer’s disease [4, 5] by changing the substituent on

its C6 position.

Conventionally, the THPMs Safford’s were synthesized by the well-known Biginelli reaction
by three components reaction between aldehyde, ethyl acetoacetate, and urea assisted by

hydrochloric acid as a homogeneous catalyst [6] with the yield of 72-92 %.

d in the synthesis of THPMs Safford’s: 1)
3) low to moderate yield; 4) long

However, there are five major challenges embedde

use of hazardous solvents; 2) use of hazardous reagents;

reaction time; 5) recovery of homogenous catalyst. Herein, we report the successful synthesis

strategy for the THPMs Safford’s synthesis, using heterogeneous - magnetically separable

biosynthesized Fe20s catalyst, with the yield in the range 0f 93-99 % (Scheme 1). The structure

of the synthesized products was confirmed by 'H NMR and *C NMR.

2a-2c (1.2 mmol)
==
35 Fe,0; (30 mg; 0.19 mmol)
0
0 . N, EtOH, Reflux, 25-35 Min.
0 H,N (s}
1a (1 mmol) 3a (1.5 mmol) 4e-4g; 3 Examples

Scheme 1: Strategies for the construction of ethyl 1,2,3,4-tetrahydro-6-methyl-2-ox0-4-

arylpyrimidine-5-carboxylate

2. Experimental

2.1 Chemical/materials

Eucalyptus citriodora (N ilgiri Plant Leaf), Murraya koenigii leaf (Curry Leaf), Ferric nitrate

nonahydrate (Fe(N03)3.9.H20), substituted aldehydes, e
e were purchased from S.D. Fine Chemical Limited.

thyl alcohol, ethyl acetate, and n-

hexan Before being used in this

investigation, all the solvents were distilled off.
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2.2 Preparation of leaves extracts

The fresh leaves of Eucalyptus citriodora and Murraya koenigii were collected from the
campus of G.M.D. Arts B.W. Commerce and Science College Sinnar, Nashik (Maharashtra),
were washed thoroughly with distilled water to remove mud, dirt, impurities, and surface
contamination. The wash leaves were weighed accurately at 8 gm each, cut into small pieces
and pulverized using the mixer in 10 mL distilled water separately. Transfer the pest to a 100
mL RB flask and add 30 mL of distilled water to each pest mixture, then gently heat at about
80-90 °C for 1 h, then cool it, and filter it with Whatman filter paper (No. 41). The obtained

filtrates use for the synthesis of Fe2O3 NRs after mixing.
2.3 Synthesis of Fe203; Magnetic NRs

Fe;03 Magnetic NRs were successfully fabricated by a simple sol-gel auto-combustion
technique using the Fe(NO3)3.9.H20, Eucalyptus citriodora, and Murraya koenigii leaves

extract precursors.

5 g of Fe(NO3)3.9.H,0 was dissolved in 15 mL of distilled water, and stir it for the next 30 min
at 70-80 °C, to the same homogeneous salt solution, 50 mL of the mixed leaves extract (1:1)
added drop by drop over 40 min at 70-80 0C, stirring of mixture was continued for next 30 min
upon addition of leaves extract is over. After that, the resulting solution was kept on a hot plate
for the next 3 h at about 70-80 °C to get a thick paste. The paste obtained was heated to 100-
120 °C for 5 h in a hot air oven for auto-combustion to get a dried thick mass. Further dried
mass, grind in mortar-pestle for 30 min to get dry powder. The obtained dried Fe2Os powder
was calcinated at 600 °C for 3 h. Finally, the Gray Fe,Os powder obtained. The obtained
nanocrystalline Fe;Os screen for the synthesis of ethyl 1,2,3 4-tetrahydro-6-methyl-2-oxo-4-
arylpyrimidine-5-carboxylate-THPMs derivatives.

2.4 General procedure for ethyl 1,2,3,4-tetrahydro-6-methyl-2-oxo-4-arylpyrimidine-5-

carboxylate synthesis

A mixture of freshly distilled Ethyl acetoacetate (1 mmol), aromatic carbaldehyde (1.2 mmol),
Urea (1.5 mmol), and biosynthesized Fe;03 NRs (0.19 mmol) in ethyl alcohol (34nL) was well
refluxed in a 25 mL RB flask under dark condition (Table No. 3, Entry 1 to 3). TLC was used
to track the development of the reaction (using n-Hexane and Ethyl acetate in 1:1 proportion).

Upon the completion of the reaction, the reaction mixture is kept near an external magnet for

e SRRl et : . s
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5 (o 7 min to separatc the Fe20s catalyst, and then the ethanolic layer of the reaction miXture is
an filter paper. In the end, the catatyst in

separated by decanting into a beaker through Whatm
d, and used fora sequential

RB was washed using 1 mL ethanol every time ihrice, dried, activate
product was obtained using n-
'H NMR, and 'C NMR

hexane and ethyl

cycle. After column chromatography, the pure
acctate (85:15 to 40:60) solvent as a mobile phase. By using

techniques, all the organic products were confirmed.

2.5 Fe:03 MNRs characterization technique

Model V-770 - Jasco Spectrophotometer was used to get 2 UV-DRS of Fe;O3 NRs. The UV-
ured from 200 to 800 nm. A JASCO-4600, Type-A model

spectra of NRs in the 400 to 4000 cm™ range.
A% with an angle

DRS absorption spectra were meas

spectrophotometer was used to acquire FT-IR

er having Cu-Ka radiation (having A = 1.54060
0° to 80°, with a minimum step size of 20 is 0.020° were carried out for crystal

of biosynthesized NRs. 10 kV accelerating voltage FEI Nova Nano SEM 450
and element

Bruker D8 diffractomet
between 2

structure analysis

instrument was used (o examine cross-section morphology or surface structure
Quanta-Chrome NOVA 1000e model instrument was used to ac

and pore diameter at 77 K. The magnetic
gnetometry.

embly measured the melting points of the synthesized ethyl 1,2,3,4-tetrahydro-
the Bruker Advance NEO

mapping of NRs. quire the data

of N2 adsorption-desorption, pore-sized distribution,

behavior of biosynthesized NRs was investigated using Vibrating Sample Ma

Thiele’s tube ass
6—mcthyl—2-oxo-4-alylpyrimidine-S
500 MHz Spectrometer was used to confirm the molecular

1 ,2,3,4-teu"ahydm-6-methyl-2-oxo—4-ary lpyrimidine-S-carboxylate
MHz and 126 MHz for 'H and °C nuclei, respectively.

-carboxylate scaffold. Finally,
structure of synthesized ethyl

scaffold with the

instrument strength of 500

3. Result and discussion

3.1 Physical, chemical, and structural characterization of the catalyst

Diffraction pattern of biosynthesized Fe203 demonstrates that the sample

aghemite mixed phase, with thombohedral and cubic
-Ray Diffraction peaks at 20: 24.18 (110), 33.20 (211),

54.15 (312), 64.10 (211), 72.01 (433), and 26.18 (211),
(411), 57.44 (511), 63.01 (404), 74.66 (533) for
esult of the mixed phase is in good

mite [11], respectively. The

The powder X-Ray
contains Hematite and M
[8]. Figure 1 revealed characteristic X
35.68 (101), 40.92 (210), 49.53 (202),
30.23 (202), 35.72 (311), 43.42 (400), 46.20

and Maghemite phase respectively. This T
evious studies for Hematite [9, 10] and Maghe

crystal systems

Hematite

agreement with pr



average crystalli i : . ; ' )
gc crystalline size of mixed-phase biosynthesized NRs was calculated using Scherrer’s

equation by Full Width at Half Maximum (FWHM) for prominent peaks, which were found to
be 28.48 nm (Table 1).

1000

e TR [ e e e T o |
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T
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4000 - * ® b e
® -* - ® 5 g [ e =
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o
= +* Impurities
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2000 - | ,I
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" L| L 1 L T T T
40 45 50 55

20 (Degree)

Figure 1: XRD patterns of biosynthesized Fe203 NRs

20 (Degree) FWHM Crystalline Size D (nm) Average D (nm)
24.17 0.2336 34.79
33.18 0.2417 34.29
35.71 0.2772 30.10
40.90 0.2969 28.55
43.37 0.2988 28.61
49.51 0.3114 28.09 aR
54.14 0.5161 17.28
57.41 0.4408 20.54
62.95 0.2507 37.06
64.07 0.3672 25.52

Table 1: Calculation of average crystal size of biosynthesized Fe2O3 NRs by Scherer equation

Ceina FWHM for listed prominent pcaks
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q§
P
Further morphological characteristics, sizes, and element mapping of fabricated Fe203 NRs
i were studied by FESEM analysis, as shown in Figure 2. According to FESEM images, the rod-
v
>
)
)
y
b
)
)
)
D

prepared NRs.

shaped morphology and uniform distribution were obtained Fig. 2(a-b) as-

Figure 2: FE-SEM images of as-prepared Fe203 NRs (a-b).

Additionally, as demonstrated in Figure 3a, the EDX spectrum indicated the FexOs NRs
elemental composition. This EDX analysis (Fig. 3b) shows that the matcrial contains Iron (Fe)

and Oxvgen (O), demonstrating the formation of Fe;O3 NRs.

(B)

Element

Weight % | Atomic %

Fe 79.49 52.61

te
l Sum Spectrum

l Full Scale 3879 cts Cursor: 0.000

O 20.51 47.39

| keV

Figure 3: EDX spectrum of synthesized Fe203 NRs (a); Percent element composition of Fex0s

NRs (b).

The FTIR spectrum was used to investigate the nature of chemical bonding in the molecule.
Figure 4, FTIR spectrum of biosynthesized Fe.O3 NRs, shows intense absorption peaks at

1581, 1095, 594, and 532 cm™'. The peak at 1581 cm’! may correspond to the amide bending

vibration of proteins N-H bond or may be due to the stretching vibration of aromatic C=C

bonds [12]. The next observed peaks at 1095 cm’' could be caused by aliphatic ether C-O
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stretching [12]. The two strong peaks of stretching vibration at 594 and 532 cm™ correspond

to Fe-O bond formation in Fe-O3; NRs [13-14].

L
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-
W
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4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm"l)

Figure 4: FTIR spectrum of biosynthesized Fe2O3 NRs

Figure 5 illustrates the main active phytochemicals found in Eucalyptus citriodora (Fig. Sa),
and Murraya koenigii (Fig. 5b) leaves to explain how the metal precursor salt Fe(NO3)2 9 H.O
can change into Fe-O3 nanorods. The plausible reaction mechanism demonstrates how different
active phytochemicals act as stabilizing and reducing agents. Diverse active phytochemicals
are found in Eucalyptus citriodora and Murraya koenigii, including saponins, carbohydrates,
sterols, glycosides, alkaloids, flavonoids, terpenoids, and polyphenols [15-16]. For a possible
reaction mechanism, a flavonoid has been chosen as a sample molecule to suggest the
mechanism. Because of the electrostatic attraction between hydroxyl groups of flavonoid and
cation of metal precursor, aromatic hydroxyl groups cling to ferric ions (Fe*"), and ferric ions
and flavonoids form a stable complex. After the treatment of calcination, the complex
forms Fe>03 nanorods. As a result, the sin gle-phase formation of Fe203 is not

decomposes and
s were observed in the XRD analysis corresponding to a-Fe203

selective. Therefore, two phase

and y-Fe,0; (Figure 6).
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Figure 5: Biologically active phytochemicals present in a) Eucalyptus citriodora and b)

Murrayva koenigii

rFerric Nitrate R
Nonahydrate
Fe(NO,),9 H,0 2
e(NO;):9 H, - T 4 u-Fe,0,
Stirring for 30 min Calcination for 3 h
% - - JFe@3 > -+
at 70-80 'C R o & 0 +Fe,0,

OH

0
R OH Mixed Phase
Nanorods

Complex formation R

Flavonoids

anism for the formation of Fe»O3; NRs using metal salt and

Figure 6: A plausible reaction mech
leaf extracts
asc Fe203 NRs (a-Fe203-Hematite and Y-

ance of the fabricated mixed-ph
17]. The corresponding

d in the range of 200 to 800 nm [
ctra of a Fe:O3 NRs show the presence of

The optical absorb

Fe,03-Maghemite) was investigate

spectrum is shown in Figure 7a. The absorption spe

Pace 8 of 18
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three distinct adsorption zones [18], namely, the first region (200-400 nm) due to charge-
transfer from ligands to Fe’* metal ion and because of the Fe*' ligand field transitions
contributions, in part from ®A; — “T,(*P) at 290-310 nm, *Ai — *E(‘D) and A, — *T2(*D) at
360.-38‘0 nm. The second region (400-600 nm) represents the end consequence of pair
excitation of processes °A; + °A; — “T|(*G) + “T\(*G) at 485-550 nm and overlapped
contribution of °A1 — “E, A (*G) ligand field transitions at 430 nm and the charge-transfer
band tail. Region third (600-750 nm) is attributed to 640 nm for the *A; — *T2(*G) transition.
Furthermore, according to the selection rules, the area's first and second absorption intensity is
significantly higher than that of the third region, indicating that the absorption from charge-
transfer transitions or pair excitations is much stronger than that from ligand field transitions
[19]. The bandgap energy of biosynthesized Fe203 NRs is calculated using Tauc’s plot (direct
method) (Figure 7b) and was estimated to be 1.98 eV.

(A) (B)
" e

1,041
Tane Pl (C1)
75 0+ "

Abserbance \
LI% 4 \ 10

0. - T T T T
2l Jua 400 00 &l Tho L] (B

Wavelength (nm)

2

Absorbance
(ahuj eV e 12

T T b2 L} L] v T T T
L9 24 21 112 13 14 15 Y 17
Energy (V)

Figure 7: a) UV-DRS spectrum of bio-synthesized Fe203 NRs; Band-gap cnergy by Tauc plot

(b)
aver-Emmett-Teller (BET) Na
of biosynthesized Fe2Os

Surface area and porosity of Fe2O3 NRs were calculated by Brun

adsorption/desorption studies to get an idea of the absorbance capacity
NRs, and Pore Size distribution (PSD) was obtained by Barrett-Joyner-Halenda (BJH) plot

(Figure 8). The surface area of the as-formulated sample was observed to be 32097 m’ g

The magnetic behavior of biosynthesized Fe203 NRs was investigated by Vibrating Sample

Magnetometry (VSM). Figure 9 shows the hystere
Hc, and Mr (Table 2) were estimated based on th
e range of -15 kOe to 15 kOe to study the magnetic characteristics of

sis loop for synthesized Fe;O3 NRs. The

value of Ms e hysteresis loop by applying

the applied field in th
NRs.

.y ade Rohit Ganesh Kokate Page 9 of 18
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get THPMs. The third

subscquently undergoes  nucleophilic additionon aldchyde to

mechanistic path involves a Knoevenagel-type reaction (Figure 10c¢) [22]. Here firstly, the

condensation of an aldehyde with cthyl 3-hydroxybut-2-cnoatc (cnol generated in-situ form

Fthyl acctoacetate) takes place. which on reaction with urca result in the formation of THPMs.

[ the last decade, De Souza ct al. [23]. Neto etal. [24]. and Puripat et al. [25] did a comparative

study on the mechanistic path of the Biginelli reaction. They found that the Iminium

intcrmediate routc is favored over the Enaminc and Knocvenagel routc. According to Puripat
ct al. [25], bascd on AFIR and DFT calculation, the order of reactive intermediate formation 1s

Imine > Enamine > Knoevenagel route.
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Figure 10. Possible reaction mechanism for the FexO3 NRs catalyzed THPMs synthesis

4. Conclusion

In this study, for the first time, mixed-phase Fe203 NRs were biologically synthesized using a

" mixture of Eucalyptus citriodora and Murraya koenigii leaf extracts and its application as a

heterogeneous magnetic nanocatalyst in the multicomponent Biginelli reaction was reported.

The catalyst was synthesized throu
XRD, UVDRS, FTIR, FESEM, EDX, and VSM analysis. Then, the practical synthesis of ethyl

gh an utterly green approach and then characterized by

1,2,3,4—ietrahydro-6—methyl-2-0x0-4-arylpyﬁmidine—5-carb0xylatc was prepared with an ethyl

acetoacetate, aromatic aldehydes, urea with a catalytic amount of the magnetically recoverable

Fe,O3; NRs in ethanol as a green solvent. The not
of catalyst, being clean and safe and having excellent yields of the final

able merits of this protocol are easy workup

procedure, reusability
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zons for

products. This eco-friendly approach for synthesizing Fe203 NRs can open new hori

exploring their possible role in organic transformation.
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