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Bio-inspired synthesis of mixed-phase Fe;0; magnetic nanorods as 2

novel recoverable heterogeneous catalyst for Biginelli synthesis

Abstract

For the first time, mixcd-phasc (Hematite and Maghcmitc) magnctic Fc,0: nanorods worc
successfully biosynthesis by sol-gel auto-combustion method using the 1:1 mixture of

Eucalyptus citriodora and Murraya koenigii leat extract as a capping agent, and its catalytic

cffect on synthesis of ethyl l,2,3,4-tctrahydro-6-mcthyl-2-ox0-4-arylpyrimidine-S—carboxylatc

graphy, and
(X-

(THPMs) derivatives were investigated. Further, the phase formation, surface topo
crystallinity of biosynthesized Fe203 nanorods (NRs) were explored using powder XRD
Ray Diffraction), UVDRS (UV-Visible Reflectance Spectroscopy), FTIR (Fourier Transform
Infrared Spectroscopy), FESEM (Field Emission Scanning Electron Microscopy), EDX
{(Encrgy Dispersive X-Ray), and VSM (V ibrating Sample Magnetometry). Furthermore, the
catalytic activity of biosynthesized Fe:03 NRs was examined for one-pot synthesis of ethyl
1,2,3,4-tet1'ahyd1'o—6-methyl-2-0x0-4—ary1pyrirnidine-S-carboxylate via Biginelli reaction. To
achieve high yields (93-99 %) of ethyl 1,2,3,4-teuahydro-6-methyl-2-oxo-4-arylpyrimidjne-S-
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
overable catalyst by an external magnet. The recovered catalyst is then employed for five

without non-noticeable loss of catalytic activity. We believe that this protocol

rcc

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

separable heterogeneous catalysts.

Keywords: Green synthesis; Biginelli reaction; Fe203 NRs; Heterogeneous catalysis

1. Introduction

The 2-ox0-1,2,3 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 a
wide range of biological activilies including anti-HIV (1], antibacterial, antifungal, anli-
tubercular, antioxidant, anti-inflammatory [2], and anticancer [3] as well as potential agents in

the treatment of many diseases including diabetes, Alzheimer's disease [4, 5], and other neuros

diseases [3].

Project by: M {kash Appasaheb Thorat l’age 1of18



HPMs 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 CO position.

Conventionally, the THPMs Safford’s were synthesized by the well-known Biginells reaction

by three components reaction between aldchyde, cthyl acctoacctate, and urca assisted by

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

However, there are five major challenges embedded in the synthesis of THPMs Safford’s: 1)

use of hazardous solvents; 2) use of hazardous reagents; 3) low to moderate yield; 4) long

Herein, we report the successful synthesis

separabie

reaction time; 5) recovery of homogenous catalyst.
strategy for the THPMs Safford’s synthesis, using heterogencous - magneticaily
biosynthesized Fe;Os 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)
‘/‘/\\\‘ /~~:~‘\
\i\ —/;!—R “ ——
. |/ 0 = \///
0 ) Fe,0, (30 mg; 0.19 mmol) | i
(9] — /\/, \x/
/\f) . NH, EtOH, Reflux, 25-35 Min. : ” /K
N
1a (1 mmol) 3a (1.5 mmol) 4h-4j; 3 Examples

Scheme 1: Strategies for the construction of ethyl l,2,3,4-tetmhydro-6—methyl-2-oxo-4-

euylpyrimidin e-5-carboxylate

2. Experimental

2.1 Chemical/materials

Eucalyptus citriodora (Nilgiri Plant Leaf), Murraya koenigii leaf (Curry Leaf), Ferric nitrate
nonahydrate (Fe(NO3):.9.H20), substituted aldehydes, ethyl alcohol, ethyl acetate, and n-

hexane were purchased from S.D. Fine Chemical Limited. Before being used in this

investigation, all the solvents were distilled off.

Proiect hv: Mr tkash {tppasaheh Thorat , -
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2.2 Preparation of leaves extracts

Thie {rach lraves of Fucshinfue ritvindnrn and Mierovg boonio swere rollected froom the
) S v o

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 accuratcly at 8 gm cach, cut into small picces

and puiverized using the mixer in i0 mi distiied water separateiy. Transfer tie pest 10 4 100
mL RB flask and add 30 mL of distilled water to cach 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 Fe,03 NRs after mixing.
2.3 Synthesis of Fe:03 Magnetic NRS

Fe-Q; 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.H20 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 °C, stirring of mixture was contimued 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 Fe203 powder
was calcinated at 800 °C for 3 h. Finally, the Black Fe»O3 powder obtained. The obtained
nanocrystalline Fe;O3 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-te(rahydro-6-melilyl-2—0x0-4-a|‘ylpyrimidinc-S-

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 (3 mL) 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

roject by: Mr. Akash Appasaheb Thorat Page30f18
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510 7 min to separate the F&:05 catalyst, and then the cthanolic Jayer of the reaction Mmixture s

atalyst in

separated by decanting into a beaker through Whatman filter paper. In the end, the cataly

v‘ri\\l “._. . . . v . M PR . - " v ' ‘s H
It IS wascd ustng e culdnot cvery LITIC UIICe, dhied, dcuvdied, ald uscd (or & scquciitial

cvele After column chromatography, the pure product was obtaincd using n-hexanc and cthyl

acetate (85:15 to 40:60) solvent as a mobile phase. By using 'H NMR, and 'C NMR

techniques, all the organic products were confirmed.

-~ Ao T b5 . L e e . s
2N reu3 (YRS craracierigarion eenniyue

Model V-770 - Jasco Spectrophotometer was used to get 2 UV-DRS of Fe,03 NRs. The UV-

DRS absorption spectra were measured from 200 to 800 nm. A JASCO-4600, Type-A model

spectrophotometer was used o acquire FT-R specura of NRs in the 400 10 4000 cm
Rruker D8 diffractometer having Cu-Ko radiation (having A = 1.54060 A% with an angle

' range.

were carried out for crystal

between 20° to 80°, with a minimum step size of 26 is 0.020°
[ Nova Nano SEM 450

structure analysis of biosynthesized NRs. 10 kV accelerating voltage FE
insirwmeni was used o examine cross-section morphoiogy or surface siru
mapping of NRs. Quanta-Chrome NOVA 1000e model instrument was used to acqu
of N adsorption-desorption, pore- _sized distribution, and pore diameter at 77 K. The magnetic

nthesized NRs was investigated using Vibrating Sample Magnetometry.

ciure and cierment

ire the data

behavior of biosy:
asured the meiiing poinis of the synihesized cihyi 1,2,3,4-icirainydro-

Thicie s wbe assembiy meas
6-mcthyl-2-oxo-4-alylpyrimidinc-5-carboxylate scaffold. Finally, the Bruker Advance NEO

500 MHz Spectrometer was used to ¢
—4-arylpyrimidine-5-carboxylate
3C nuciel, respectively.

onfirm the molecular structure of synthesized ethyl

1,2,3,4—tetrahydro-6-methyl-2-ox0 scaffold with  the

nstrument strength of 500 MHz and 126 MHz for ‘H and

3. Result and discussion

3.1 Physical, chemical, and structural characterization of the catalyst

rn of biosynthesized Fe203 demonstrates that the sample

The powder X-Ray Diffraction patte
contains Hematite and Maghemite mixed phase, with rhombohedral and cubic crystal systems
revealed characteristic X-Ray Diffraction peaks at 28: 24.18 (110), 33.20 (21 1),

40.92 (210), 49.53 (202), 54.15 (312), 64.10 (211), 72.01 (433), and 26.18 211),
46.20 (411), 57.44 (511), 63.01 (404), 74.66 (533) for

[8]. Figure 1
35.68 (101),

30,23 (202), 35.72 (311), 43.42 (400),
Hematite and Maghemite phase respectively. This result of the mixed phase is in good
agreement with previous studies for Hematite [9, 10] and Maghemite [11], respectively. The

oh Thorat Page 4 0f 18
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average crystalline size of mixed- . :
age 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

©W W YU VYU Wy v v vy v vy v VWY Y e

A @Y Q

(S IS I %

CRRCOIES IS RGNS

be 65.79 nm (Table 1).

3000
v
[—2 ]
e ()
Y
25 S - =85 8§ B& 3R 23
* ° b ue
[ ] - * - ®* 5 [ ] o N
= Maghemite
> ¢ Hematite
‘? * Impurities
S 2000 1
N
=
.
1000 +— T T 1 1T 1 17 1 T 17
20 25 30 35 40 45 50 55 60 65 70 75 80
20 (Degree)

Figure 1: XRD patterns of biosynthesized Fe203 NRs

Table 1: Calculation of avera

20 (Degree) FWHM Crystalline Size D (nm) Average D (nm)
2421 0.4084 17.91
3331 0.4121 18.11
3571 0.4382 17.15
41.02 0.3837 19.90
49.65 0.0199 395.24 03:19
5431 0.4065 19.77
62.98 0.4556 18.38
64.13 e 19.86

using FWHM for listed prominent peaks

Project by: Mr. Akash Appasaheb Thorat

ge crystal size of biosynthesized Fe203 NRs by Scherer equation
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Further morphological charactenstics, sizes, and element mapping of fabncated Fe,O0 NRs
were studied by FESEM analysis, as shown in Figure 2. According to FESEM images, the rod-

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

EHT = 521V

WO = 39 mm Map= 7500KX

Figure 2: FE-SEM images of as-prepared Fe:03 NRs (a-b).

Additionally, as demonstrated in Figure 3a, the EDX spectrum indicated the Fe203 NRs
clemental composition. This EDX analysis (Fig. 3b) shows that the material contains Iron (F¢)

and Oxygen (O). demonstrating the formation of Fe203 NRs.

®)

Element

Weight %

Atomic %

Fe 63.44 66.80

Sum Spectrum

|
I
l [ Full Scale 3879 cts Cursor: 0.000

VO 75T RENES DU RRRRRRERESN
2

0 5 10 15

33.20

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

NRs (b).

The FTIR spectrum was used to investigate the nature of chemical bonding in the molecule.
Figure 4, FTIR spectrum of biosynthesized Fe;O; 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 em™ could be caused by aliphatic ether C-O

Project by: Mv. Akash Ap/m.saln'b Thorat Page 6of 18
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Figure 4: FTIR spectrum of biosynthesized Fe205 NRs

Figure 5 illustrates the main active phytochemicals found in Eucalyptus citriodora (Fig. 52),

and Murraya koenigii (Fig. 5h) leaves to explain how the metal precursor salt Fe(NQO3), 9 H:O

can change into Fe203 nanorods. The plausible reaction mechanism demonstrates how different

active phytochemicals act as stabilizing and reducing agents. Diverse active phytochemicals

d in Eucalyptus citriodora and Murraya koenigi
avonoids, terpenoids, and polyphenols [15-16]. For a possible

s a sample molecule to suggest the

are foun i, including saponins, carbohydrates,

sterols, glycosides, alkaloids, fl
sm, a flavonoid has been chosen a

reaction mechani
(traciion between hydroxyl groups of flavonoid and

mechanism. Because of the clectrostatic a
e i A e e 3 e
[, 4roinais fiydroxyi groups cling w fernic wons (re *), and ferric ions

cation of melal precurso
% After the treatment of calcination, the complex

yids form a stable comple

and flavonc
anorods. As a result, the single-phase formation of Fe203 is not

decomposes and forms Fe,O3n
ases were observed in the XRD analysis corresponding to a-Fe20s

selective. Therefore, WO ph
and y-Fe;0; (Figure 6).

Page 7 of 18
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Figure 5: Biologically active phytochemicals present in a) Eucalyptus citriodora and b)

Murraya koenigii

\

| Ferric Nitrate R

‘. Nonahydrate

| [s)

l‘ Fe(NO,),9 H,O H u-Fe,0,

- R 0 0 o
' Stirring for 30 min /@ : Calcination for 3 h
{ S — 4
| 0 KON 1
‘ OH at 70-80 'C R 0 : 0 1Fe,0,
} 0
R oH \h\\.‘d Phase
Nanorods

Flavonoids Complex formation R

Figure 6: A plausible reaction mechanism for the formation of Fe;O3 NRs using metal salt and

leaf extracts
d mixed-phase Fe203 NRs (a-FeaOs-Hematite and y-

Fe;03-Maghemite) was investigated in the range of 200 to 800 nm [17]. The corresponding

spectrum is shown in Figure 7a. The absorption spectra of a Fe;01 NRs show the presence of

Project by: Mr. Akash /'[)[l{I.\'(I/H’/J Thorar Page 8 of 18



three distinet adsorption zones [18], namely, the first region (200-400 nm) duc to charge-

aansfer from hgands to Fe'' metal ion and because of the Fe'' hgand field transitions

contributions, m part rrom "Ay —» Ty "I') al Z90-510 nm, A 1) and Ao (1)) al
160-380 nm. The second region (400-600 nm) represents the end conscquence of pair
excitation of processes *A; + “A; — *T,(%G) + “T,('G) at 485-550 nm and overlapped

. B : -6 4y 9 . - i . .
contribution of *A1 > “E. *A1(*G) ligand ficld transitions at 430 nm and the charge-transfcr

band tail. Region third (600-750 nm) is attributed to 640 nm for the °A — “To(*G) transition.

Furthermore, according to the sclection rules, the arca's first and second absorption intensity 15

significantly higher than that of the third region, indicating that the absourption from charge-

transfer transitions or pair cxcitations is much stronger than that from ligand ficld transitions

[19]. The bandgap cnergy of biosynthesized Fe2O3 NRs is calculated using Tauc’s plot {direct

method) (Figure 7h) and was cstimated to be 1.79 ¢V.

(A) (B)

—— Tauc Plot(( 3) 3 i

Ahsorhance
() eV e 12
2

N

—— Absorbance \ P
’
7 104 ’
\ / ,
. ,_/ 7z

T T T
300 400 Su0 600 T00 800 )
Encrgy (¢V)

Wauvelength (nm)

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

(b)
s were calculated by Brunauer-Emmett-Teller (BET) N2

Surface area and porosity of Fe203 NR

adsorption/desorption studics to get an idea of the absorbance capacity of biosynthesized Fe:03

NRs. and Pore Size distribution (PSD) w
arca of the as-formulated sample was observed to be 0.33738 m* g™

as obtained by Barrett-Joyner-Halenda (BJH) plot
(Figure 8). The surface
f biosynthesized FeaOs NRs was investigated by Vibrating Sample

The magnetic behavior 0

Magnectometry (VSM). Figure 9 shows the hysteresis loop for synthesized Fe:O3 NRs. The

value of Ms, He, and Mr (] abl
¢ of <15 kOc to 15 kOc to study the magnetic charactenisties of

¢ 2) were estimated based on the hysteresis foop by applying
the applied ficld in the rang

NRs.

Project by: Mr. Akash 'I'I""‘“/""' Thorat l’age 90f 18
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Figure 8: a) Nitrogen adsorption-desorption isotherms at -196 °C

distribution plot of Fe.O3: NRs (BJH plot)
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Figure 9: VSM plot of biosynthesized Fe203 NRs

[7 Saturation magnetization (Ms) Coercivity (He)

4235 0c¢

Remnant field (Mr)

—

06.37 cmfu/g

il Ly

Table 2: Summery for Magnetic propertics ol biosynthesized FerOx NRy
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3.2 Syathesis of ethyl 1,2,3,4-tetrahydro-6-methyl-2-oxo-4-arylpyrimidine-5-ct rhoxylate

derivative

S}.nthcsis and purification of ethyl |~2;3.4—lctmhvdro—6-melhyl-2-o>u_v-4-arylpyrimif“n(f'g‘

carboxylate derivative was carried out according to section 2.4 procedure.

Table 3: S) nthesis of \“]‘}'l 1.2 .3 4-tetrahydro-6-methy L.j’#\\’m.._’l-fll'\'1!3'-'l‘il1li(]i17!‘— 5-

carboxvlate derivative

2a-2¢ (1.2 mmol) ’ o
]I Fe,0, (30 mg; 0.19 mmol) /U
P i T . FtOH, Reflux, 25-35 Min. 7 JI /J;

1a (1 mmol) 3a (1.5 mmol) 4a-4¢; 3 Examples (93-99 % Yield)

Product Time Yield
a

Entry Aryl Carbaldehyde Code (Min) (%o)®

1 4-Hydroxy Phenyl 4h 35 97

- A Nt mrrmr Dl neaerd Al 28 no

~ T-ivaCuiuAay 1 uaviiys -1 S0 e

. 3 2-Methoxy Phenyl 4i 35 95

* Reaction Condition: Ethyl acetoacetate (1 mmol), Aromatic aldehyde (1.2 mmol), Urea (1.5
mmol), Ethanol (3 ml), Catalyst-Fe203 NRs (30 mg; 0.19 mmol; 4.83 mol %) under reflux

condition.
" Isolable yicld

Spectra data ot synthesized compounds are as follows:

Project by: Mr. Akash l[![lrl\llh"h Thorat Page 11 of 18
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Ethyl 1,2,3,4-tetrahydro-4-(4-methoxyphenyl)-6-methyl-2-oxopyrimidine-5-carboxylate

41 - '"H NMR (300 M Hz. DMRO)
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d-tetrahydro-4-()-
Ethyl 1,2,3,4-tetrahydro-4-(2 methoxyphenyl)-6-methyl-2-oxopyrimidine-5-carb0xyfate
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